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Editors

Prof. Dr. Friedrich Paulsen

D issecting  C ourses fo r  S tuden ts

In his teaching, Friedrich Paulsen puts great emphasis on the fact 
that students can actually dissect on cadavers o f body donors. "The 
hands-on experience in dissection is extremely important not only 
for the three-dimensional understanding o f anatomy and as the basis 
for virtually every medical profession, but for many students also 
clearly addresses the issue o f death and dying for the first time. The 
members o f the dissection team not only study anatomy but also 
learn to deal with this special issue. A t no other time medical 
students w ill have such a close contact to their classmates and 
teachers again."
"The dissection links in the atlas lead to online images that are 
relevant for the dissection. You can print them and take them along. 
The offered dissection tips are not instructions, but make sure that 
you are oriented exceptionally well and not 'cutting in the dark'."

P ro fesso r Friedrich Paulsen (born 1965 in Kiel) passed th e  'A b itu r ' in 
B ru nsw ick  and tra ined  su ccess fu lly  as a nurse . A fte r  s tudy ing  hum an 

m ed ic ine  in Kiel, he becam e sc ie n tific  associa te  a t th e  In s titu te  o f 
A na tom y, D ep a rtm e n t o f Oral and M axillo fac ia l S urgery and th e  

D ep a rtm e n t o f O to la ryngo logy, Flead and N eck S urgery o f the  
C hris tian -A lb rech ts-U n ive rs itä t Kiel. In 2002 , to g e th e r w ith  his 

co lleagues, he w a s  aw arded  th e  Teach ing  A w ard  fo r  ou ts tand ing  
teach ing  in th e  fie ld  o f ana tom y a t th e  M ed ica l Faculty o f the  

U n ive rs ity  o f Kiel. O n severa l occasions he ga ined w o rk  experience  
abroad in th e  academ ic  sec tion  o f th e  D ep a rtm e n t o f O ph tha lm o logy, 

U n ive rs ity  o f B ris to l, UK, w h e re  he d id  research fo r  severa l m on ths .

From  2004  to  2010 as a U n ive rs ity  P ro fessor, he w a s  head o f the  
M acroscop ic  A n a to m y  and P rosecto r S ection  a t th e  D ep a rtm e n t o f 

A n a to m y  and Cell B io logy o f th e  M artin -Lu ther-U n ivers itä t Halle- 
W itte n b e rg . S ta rting  in A pril 2010, P ro fesso r Paulsen becam e th e  
Chairm an a t th e  In s titu te  o f A n a to m y  II o f th e  Friedrich-A lexander- 

U n ive rs itä t E rlangen. S ince 2006, P ro fessor Paulsen is a board 

m e m b e r o f th e  A na tom ica l S oc ie ty  and 2009 he w a s  e le c te d  the  
genera l se cre ta ry  o f th e  In te rnationa l Federa tion  o f A sso c ia tio n s  o f 
A n a to m y  (IFAA).

Prof. Dr. Jens Waschke

M ore  C lin ical R elevance in Teaching

From March 2011 on, Professor Jens Waschke is Chairman of 
Department I at the Institute o f Anatomy and Cell Biology at the 
Ludwig-Maximilians-Universitat (LMU) Munich. " For me, teaching at the 
department o f vegetative anatomy, which is responsible for the 
dissection courses o f both Munich's large universities LMU andTU, 
emphasizes the importance o f teaching anatomy with clear clinical 
relevance", says Jens Waschke.
"The clinical aspects in the Atlas introduce students to anatomy in the 
first semesters. A t the same time, it indicates the importance o f this 
subject for future clinical practice, as understanding human anatomy 
means more than just memorization o f structures."

P ro fesso r Jens W aschke  (born in 1974) hab ilita ted  in 2007 a fte r 
g radua tion  fro m  M edica l School and c o m p le tin g  a docto ra l th e s is  a t 
th e  U n ive rs ity  o f W uerzbu rg . From  2003 to  2004  he jo ined  P ro fessor 

Fitz-Roy C urry a t th e  U n ive rs ity  o f C alifornia  in Davis fo r  a n ine  m o nth s  
research v is it. S ta rting  in June  2008, he becam e th e  C hairm an a t th e  

In s titu te  o f A n a to m y  and Cell B io logy  III a t th e  U n ive rs ity  o f 
W uerzbu rg . In 2005, to g e th e r w ith  h is  co lleagues, P ro fessor W aschke  

w a s  aw arded  th e  A lb e rt Koe lliker Teach ing  A w a rd  o f th e  Facu lty  o f 
M ed ic ine  in W uerzbu rg . In 2006, he w a s  aw arded  th e  W o lfgang  

Bargm ann Prize o f th e  A na tom ica l Society.

H is m ain research area conce rns  ce llu la r m echa n ism s th a t co n tro l th e  
adhesion  b e tw e e n  ce lls  and th e  ce llu la r ju n c tio n s  es tab lish ing  the  

o u te r and inne r barrie rs  o f th e  hum an body. The a tte n tio n  is focused  
on th e  regu la tions  o f th e  endo the lia l barrie r in in fla m m a tio n  and th e  

m echan ism s, w h ich  lead to  th e  fo rm a tio n  o f fa ta l derm al b lis te rs  in 
pem ph igus, an a u to im m u n e  d isease. The  goal is to  gain a b e tte r 

unders tand ing  o f ce ll adhesion  as a basis fo r  th e  d eve lo p m e n t o f n e w  
th e ra pe u tic  s tra teg ies .

H is m ain research  area conce rns  th e  innate  im m un e  sys te m . Top ics 

o f specia l in te re s t are a n tim icrob ia l pep tides, tre fo il fa c to r pep tides, 
su rfa c ta n t p ro te ins , m uc ins , cornea l w o u n d  healing, as w e ll as s tem  

ce lls  o f th e  lacrim al g land and d iseases such as eye in fec tions , dry 
eye, o r os te o a rth ritis .
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Translators

Prof. Dr. Thom as Klonisch

P ro fessor Thom as K lonisch (born 1960) s tud ied  hum an m ed ic ine  at 

th e  R uhr-U n ive rs itä t B ochum  and th e  Jus tu s -L ie b ig -U n ive rs itä t (JLU) 
G iessen. He su ccess fu lly  co m p le te d  his docto ra l th e s is  a t th e  In s titu te  

o f B ioch e m is try  a t th e  Facu lty  o f M ed ic ine  o f th e  JLU  G iessen and 
becam e a sc ie n tific  associa te  at th e  In s titu te  o f M ed ica l M icrob io logy, 

U n ive rs ity  o f M a inz (1 9 8 9 -1 9 9 1 ). A s  an A lexander von H um b o ld t 
F e llow  he jo ined  th e  U n ive rs ity  o f G uelph, O n ta rio , Canada, fro m  

1 99 1 -1 99 2  and, in 1 9 9 3 -1 9 9 4 , co n tinued  his research at th e  O ntario  
V e te rina ry  C ollege, G uelph, O ntario . From  1 9 9 4 -1 9 9 6 , he jo ined  the  

im m un o p ro te in  e ng inee ring  g roup  a t th e  D ep a rtm e n t o f Im m unology, 
U n ive rs ity  C ollege London, UK, as a se n io r research fe llo w . From 
1 9 9 6 -2 0 0 4  he w a s  a sc ie n tific  associa te  a t th e  D ep a rtm e n t o f 

A n a to m y  and Cell B io logy, M a rtin -L u th e r-U n ive rs itä t H a lle -W ittenberg , 
w h e re  he rece ived  his accred ita tion  as a na tom is t (1999), com p le ted  

his hab ilita tion  (2000), and held con tin u o us  national research fund ing  
by th e  G erm an Research C ouncil (DFG) and G erm an Cancer Research 

Foundation  (D eu tsche  K rebshilfe). In 2004, he w a s  appo in ted  Full 
P ro fessor and Head a t th e  D ep a rtm e n t o f H um an A n a to m y  and Cell 

Science a t th e  Facu lty  o f M ed ic ine , U n ive rs ity  o f M an itoba , W inn ipeg , 
Canada, w h e re  he is cu rre n tly  se rv ing  his second  te rm  as d ep a rtm e n t 
chairm an.

His research areas conce rn  th e  m echa n ism s e m p loyed  by cance r ce lls 
and th e ir  cance r s te m /p ro g e n ito r ce lls  to  enhance  tis su e  invasiveness 
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Preface

In th e  p re face  to  th e  f irs t ed ition  o f his A tlas, Johannes S obotta  w ro te  

in M ay  1904: "M a n y  years  o f expe rience  in ana tom ica l d isse c tio n  led 
th e  au th o r to  p roceed  w ith  th e  p resen ta tion  o f th e  periphera l nervous 

sys te m  and th e  b lood vesse ls  such th a t th e  illu s tra tions  o f th e  book are 
p rese n te d  to  th e  s tu d e n t e xactly  in th e  sam e m anne r as body parts  are 

p rese n te d  to  th e m  in th e  d isse c tio n  labora tories, i.e. s im u lta n e ou s  
p resen ta tion  o f b lood  vesse ls  and nerves o f th e  sam e region. A lte rna t

ing d escrip tive  and im age m a te ria ls  are d is tin c tive  fe a tu re s  o f th is  atlas. 
The im ages are th e  core  p iece  o f th e  a tlas. A p a rt fro m  ta b le  legends, 

auxilia ry and sch em a tic  d raw ings, th e  d escrip tive  m ateria l inc ludes 
sh o rt and conc ise  te x t parts  su itab le  fo r  use o f th is  book in th e  g ross 
ana tom y labora to ry ."

A s  w ith  fash ions, reading and s tu d y  habits o f s tu d e n ts  change  period i
cally. The  m u ltim e d ia  p resence  and availab ility  o f in fo rm a tio n  as w e ll as 

s tim u li are ce rta in ly  th e  m ain reasons o f eve r chang ing  s tu d y  habits. 
These  d e ve lo pm e n ts  and chang ing  dem ands o f s tu d e n ts  to  te x tb o o ks  

and a tlases, w h ich  th e y  u tilise , as w e ll as th e  ava ilab ility  o f d ig ita l m edia 
o f te x tb o o k  co n te n ts , is accoun ted  fo r  by ed ito rs  and pub lishers. A pa rt 

fro m  in te rv ie w s  and s ys te m a tic  su rveys  o f s tuden ts , th e  te x tb o o k  sec
to r  is occasionally  an ind ica to r enab ling  th e  evalua tion  o f expe c ta tio n s  

o f s tu d e n ts . D eta iled  te x tb o o ks  w ith  th e  abso lu te  c la im  o f co m p le te 
ness are exchanged in fa vo u r o f educationa l books th a t are ta ilo red  to  

th e  d idac tic  needs o f s tu d e n ts  and th e  co n te n ts  o f th e  s tu d y  o f hum an 
m edic ine , d en tis try , and b iom ed ica l sc iences, as w e ll as th e  co rre 

spond ing  exam ina tions. S im ilarly, illu s tra tions  in a tlases such as th e  
S obotta , w h ic h  conta in  exac t na tu ra lis tic  dep ic tio n  o f real anatom ica l 

spec im ens, fa sc ina te  d oc to rs  and associa ted  m edica l p ro fe ss io n s  fo r 
m any g ene ra tions  th ro u g h o u t th e  w o rld . H ow eve r, s tu d e n ts  som e

tim e s  perce ive  th e m  as to o  co m p lica te d  and deta iled. Th is aw areness 
requ ires th e  cons ide ra tion  o f h o w  th e  s tre n g th  o f th e  a tlas, w h ich  is 

know n  fo r  its  standards o f accuracy and qua lity  during  its  centenn ia l 
ex is tence  fe a tu ring  22  ed itions , can be adap ted  to  m ode rn  educationa l 

co nce p ts  w ith o u t c o m pro m is in g  th e  o e u v re 's  un ique charac te ris tics  
and au th en tic ity . A fte r  ca re fu l cons ide ra tion , E lsev ie r and th e  ed ito rs  
P ro fesso r Reinhard Putz and P ro fessor Reinhard Pabst, w h o  w e re  in 

charge o f th e  atlas up  to  its  2 2 nd e d ition , cam e to  th e  conc lus ion  th a t a 
n e w  ed ito ria l te a m  w ith  th e  sam e g rea t e n thus iasm  fo r  ana tom y and 

teach ing  w o u ld  m e e t th e  n e w  re qu ire m e n ts  best. T o g e th e r w ith  th e  

E lsevie r pub lish ing  house, w e  are e x tre m e ly  p leased to  be  charged 
w ith  th e  n e w  co m po s itio n  o f th e  23rd e d itio n  o f Sobotta . In redesign ing , 

a ve ry  c lear ou tlin e  o f co n te n ts  and a d idac tic  in trod u c tio n  to  th e  p ic
tu re s  w a s  taken  in to  accoun t. N o t every  fash ion  is accom pan ied  w ith  

so m e th in g  e n tire ly  new . U nder d idactica l aspects  w e  have rev is ited  th e  
o ld  co nce p t o f a th re e -vo lu m e  atlas, as used in S obo tta 's  f irs t ed ition , 

w ith : General A n a to m y  and M uscu loske le ta l S ys tem  (vol. 1), Internal 
Organs (vol. 2), and Head, N eck, and N eu roana tom y (vol. 3). W e  have

also adop ted , a lthough  s lig h tly  m od ified , th e  approach m en tio n e d  al
ready in th e  p reface o f th e  f irs t e d ition , i.e. com b in ing  th e  fig u re s  in th e  
atlas w ith  exp lanatory  te x t w h ich  is an o ld  tre n d  being  cu rren tly  back 

in to  fash ion  once  m ore . Each im age is accom pan ied  by  a s h o rt explana

to ry  te x t, w h ic h  se rves to  in troduce  s tu d e n ts  to  th e  im age , expla in ing 
w h y  th e  particu la r prepara tion  and p resen ta tion  o f a region  w a s  se le c t
ed. The  ind iv idua l chap ters  w e re  sys te m a tica lly  o rgan ised  in te rm s  of 

cu rre n t su b je c t m a tte r and preva iling  s tu d y  hab its; o m itte d  and incom 
p le te  illu s tra tions  -  particu la rly  th e  sys te m a tics  o f th e  neurovascular 

p a th w a ys  -  w e re  su pp le m en te d  o r rep laced. The m a jo rity  o f th e se  n ew  
fig u re s  are concep tua lised  to  fa c ilita te  s tudy ing  th e  re levan t pa thw ays  

o f b lood supp ly  and innerva tion  by  d idactica l aspects. W e  have also 
rev ie w ed  m a ny  ex is tin g  fig u re s , reduced  fig u re  legends, and h ig h lig h t

ed ke yw o rd s  by bo ld  p rin t to  s im p lify  access to  th e  ana tom ica l con 
te n ts . N um erous  c lin ical exam p les  are used to  enhance th e  " life le s s  

a n a to m y ", p rese n t th e  re levance o f ana tom y fo r  th e  fu tu re  ca reer to  
th e  s tu d e n t, and prov ide  a ta s te  o f w h a t's  to  com e. In tro d u c tion s  to  th e  

ind iv idual chap te rs  rece ived a n e w  concep tua l des ign , covering  in b rie f 
a su m m a ry  o f th e  con te n t, th e  associa ted  c lin ical aspects, and re levant 

d isse c tio n  s te p s  fo r  th e  covered  to p ic . It se rves as a ch e ck lis t fo r  th e  
re qu ire m e n ts  o f th e  In s titu te  o f M edica l and Pharm aceutical Exam ina
tio n  Q ues tions  (IM PP) and is based on th e  G erm an oral part o f th e  

prec lin ica l m edica l exam ina tion  (Physikum ). A lso  n e w  are b rie f in tro 
d uc tio n s  to  each to p ic  in e m bryo lo gy  and th e  on line  conn e c tio ns  o f th e  

atlas w ith  th e  ab ility  to  dow n load  all im ages fo r  repo rts , lec tures , and 
p resen ta tions.

W e  w a n t to  e m phas ise  tw o  po in ts :

1. The " n e w "  S obotta  in th e  2 3 rd ed ition  is n o t a s tu d y  atlas, c la im ing 
co m p le te n ess  o f a com prehens ive  kn ow le dg e  and, thus , does not 

t ry  to  co nve y  th e  in ten tio n  to  replace an accom pany ing  te x tb o o k .
2. No m a tte r h o w  good th e  d idac tic  approach, it canno t re lieve  th e  s tu 

d e n ts  o f s tudy ing , b u t aid in v isua lisa tion . A n a to m y  is n o t d if f ic u lt to  
s tudy, b u t ve ry  tim e -con su m in g . Sacrific ing  th is  tim e  is w o rth w h ile , 

s ince  phys ic ians and p a tien ts  w ill b e n e fit fro m  it.

The  goal o f th e  23rd ed ition  o f S obotta  is n o t o n ly  to  fa c ilita te  learn ing, 
b u t a lso to  m ake learn ing exc itin g  and a ttrac ting , so th a t th e  atlas is 

co nsu lte d  during  th e  s tu d y  period  as w e ll as in th e  course  o f p ro fe s 
siona l p ractice .

E rlangen and W uerzbu rg , s u m m e r 2010 , e xac tly  106 years a fte r th e  
f irs t ed ition .

Friedrich Paulsen and Je ns  W aschke
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The Head -  Leading from 
the Top
The ske le to n  o f th e  head (C aput/Cephalon), i.e. th e  sku ll (C ranium ), 
co ns is ts  o f tw o  parts: th e  fac ia l bones (V iscerocran ium ) and th e  sku ll 
(N eurocran ium ). The  b orde r b e tw e e n  th e  tw o  -  th e  ro o f o f one  and th e  
flo o r  o f th e  o th e r -  is th e  base o f th e  sku ll (Basis cranii), w h ic h  lies 
rough ly  in an o b lique  p lane d e fin e d  by th e  e yeb ro w s , th e  ex te rna l open 
ing o f th e  o u te r ear canal and th e  base o f th e  occ ipu t.

Skull Cap (Calvaria) and Scalp

The h igh ly  a rched C alvaria  (skull cap, cranial cap) fo rm s  a long itud ina l 
oval d om e  o ve r th e  cranial base and p ro te c ts  th e  cranial ca v ity  (Cavitas 
cranii), in w h ic h  th e  brain (C erebrum ) su rrounded  by  hard and s o ft m e 
n inges (M en inges) flo a ts  in th e  ce reb rosp ina l flu id  (CSF). The  Calvaria is 
d iv ided  in fron ta l, parie ta l, te m p o ra l, and occ ip ita l reg ions fo rm e d  by 
iden tica lly  nam ed bones (Os fro n ta le , Os parie ta le , Os te m p o ra le  and 
O s occ ip ita le).

The  skin  o f th e  Calvaria is to u g h  ("sca lp ") and firm ly  a dh e re n t to  a fla t 
te ndon , w h ic h  spans fro m  th e  fo rehead  to  th e  o cc ip u t. Th is  tendon  
(Galea aponeuro tica ) is part o f th e  M . o cc ip ito fro n ta lis , a m im ic  m usc le  
th a t ra ises e ye b ro w s  and w r in k le s  th e  skin  o f th e  fo re h ea d  horizonta lly. 
Skin and te n d on  are m ovab le  on th e  sku ll cap and can be re la tive ly  
eas ily  lifte d  o ff  and re m ove d  as th e  sca lp. V ascu lar in ju ries  o f th e  scalp 
can lead to  a se ve re  b u t usua lly  no t-life  th re a te n in g  b leed ing .

Skull Base

The base o f th e  sku ll fo rm s  th e  ro o f o f th e  tw o  o rb its  (O rb itae) and th e  
nasal c a v ity  (Cavitas nasi), b u t a lso th e  ro o f o f th e  th ro a t (Pharynx, re
aching  up to  th e  base o f th e  sku ll) and th e  base o f th e  o c c ip u t w h ich  
a rticu la te s  a t th e  occ ip ita l fo ra m e n  (Foram en m agnum ) w ith  th e  f irs t 
cerv ica l ve rteb ra . N um erous  fo ram ina , canals, and fissu res  co ve r th e  
cranial base and se rve  as p assagew ays fo r  m a ny  nerves and b lood  ve s
se ls . A t th e  b o tto m  s ide  o f th e  sku ll base, p o in tin g  to w a rd s  th e  V iscero 
cran ium , num e ro u s  p rocesses, sp ines, and no tches  (P rocessus/Spi- 
nae /lnc isurae ) are p rese n t, to  w h ic h  m u sc le s  and lig a m en ts  are 
a ttached . The  upp e r s ide  o f th e  sku ll base, th e  flo o r  o f th e  N eurocran i
um , is less irregu la r and re sem b le s  te rra ces  on th re e  flo o rs : th e  to p  
flo o r, th e  a n te rio r cranial fossa  (Fossa cran ii an te rio r), is pos itio n ed  
above th e  O rb itae . O ne s te p  d ow n , th e  m idd le  cranial fossa  (Fossa 
cranii m edia) is loca ted  a t th e  leve l o f th e  te m p o ra l bones. The las t s tep  
leads d o w n  in to  th e  p os te rio r cranial fo ssa  (Fossa cranii pos te rio r) w ith  
th e  Foram en m agnum .

Facial Bones and Cavities

The la rgest fac ia l bone, th e  m ax illa ry  bone (M axilla), is p laced in th e  
ce n tre  o f th e  V isce ro c ra n iu m . The  M axilla  fo rm s  th e  flo o r  o f th e  O rb i
tae , m o s t o f th e  s ide w a lls  o f th e  nasal cav ity , th e  an te rio r part o f th e  
pala te, and carries th e  m ax illa ry  ro w  o f te e th . L ike m a ny  o th e r bones o f 
th e  sku ll, th e  m axilla  is "p n e u m a tis e d ", i.e. it is h o llo w  and fille d  w ith  
air w h ic h  is d raw n  fro m  th e  nasal ca v ity  (S inus m axillaris, paranasal si
nuses). B esides th e  M axilla , ha lf a dozen o th e r sm a lle r bones are invo l
ved in th e  co ns tru c tion  o f th e  V isce rocran ium .

Breath ing , sm e lling , ta s tin g , ch e w in g , sw a llo w in g , speaking, seeing, 
and be ing  seen  -  th e se  are th e  tasks  o f th e  organs th a t are supp o rte d  
and p ro te c te d  by  th e  V isce rocran ium .

The eyes and th e ir  aux ilia ry  appara tus (O rganum  v isus, -» p. 98) are 
respons ib le  fo r  v is ion . B e ing  seen  is th e  re spo n s ib ility  o f th e  facia l m u s 
c les. The p e rm a n e n t a c tiv ity  o f th e s e  m usc les , w h ic h  do  n o t contro l 
bones b u t th e  fac ia l skin, is respons ib le  fo r  th e  fo rm a tio n  o f w rin k les .

The o lfa c to ry  sense  is up to  th e  nose  (Nasus), even  th o u gh  it on ly  per
fo rm s  it w ith  its  sm a lle s t part, th e  o lfa c to ry  e p ith e liu m  a t th e  ro o f o f th e  
nasal ca v ity  under th e  base o f th e  sku ll. The o u te r ca rtilage -fram ed  na
sal ve s tib u le  (V estibu lum  nasi) and th e  fa r m o re  spacious, b ony  inne r 
nasal ca v ity  (C avitas nasalis ossea) se rve  fo r  b rea th ing : Th rough  the  
inn e r n os trils  (Choanae), th e  nasal ca v ity  opens beh ind  th e  th ro a t (Phar
ynx) w h ic h  in tu rn  c o m m u n ica te s  m uch  m o re  cauda lly  w ith  th e  Larynx 
and th e  w in d p ip e  (Trachea).

B iting , ch e w in g , ta lk ing , ta s tin g , and s w a llo w in g  are th e  fu n c tio n s  o f 
th e  oral ca v ity  (C avitas oris) and th e  a ccom pany ing  organs. S im ila r to  
th e  nose, th e  oral ca v ity  a lso has a ve s tib u le  (V estibu lum  oris), th e  
space b e tw e e n  lips (Labiae) and ch ee ks  (Buccae) on one  s ide  and th e  
te e th  (D entes) on th e  o th e r s ide.

B eh ind  th e  te e th  lies th e  larger oral ca v ity  p rope r (Cavitas o ris  propria) 
w h ic h  is a lm o s t c o m p le te ly  fille d  by th e  to n g u e  (L ingua) a t a c losed 
b ite . A t  its  p os te rio r a spect, th e  oral ca v ity  ope n s  to w a rd s  th e  Pharynx 
and, a t th e  p rice  o f choking , th e  re sp ira to ry  tra c t and ing e s tive  tra c t 
c ro ss  here. The  ro o f o f th e  m o u th , th e  pa la te  (Palatum ), a lso fo rm s  the  
flo o r  o f th e  nasal cavity. In th e  fro n t, th e  pa la te  is rig id  and bony, w h ile  
do rsa lly  to w a rd s  th e  Pharynx it b eco m e s s o ft, fle x ib le , and m uscu la r. 
The Uvula dang les  fro m  th e  s o ft p a rt o f th e  pala te. The  flo o r  o f the  
m o u th , w h ic h  is su rrounded  by  th e  m ovab le  m a nd ib le  (M and ibu la) and 
w h ic h  carries th e  to n g ue , is m ade  o f m u sc le  p la tes. D uring  speech  al
m o s t all o f th e s e  s tru c tu re s  ac t to g e th e r (along w ith  m a ny  o th e r s tru c 
tu res), w h e re b y  th e  nose  is used as an add itiona l resonator.

T w o  pits  o f th e  fac ia l ske le to n  are im po rta n t: If one  re m ove s  ( firs t im 
aginary, la te r on in rea lity  during  th e  d isse c tio n  sess ions) th e  ascend ing  
b ony  branch o f th e  M and ibu la  (R am us m and ibu lae), w h ich  leads to  th e  
te m p o ro m a n d ib u la r jo in t (A rticu la tio  te m p o ro m a n d ib u la ris ), one  e n te rs  
th e  s o ft t is s u e s  o f th e  latera l a spe c t o f th e  head fro m  "b e h in d  the  
c h e e k " and e n te rs  a space th a t is re fe rred  to  as th e  in fra te m p o ra l fossa 
(Fossa in fra tem pora lis ). P os itioned  in th is  region  are m a s tica to ry  m u s 
cles (M m . p te ryg o id e i m ed ia lis  and latera lis) and severa l b ranches o f 
nerves. In add ition , th e  te rm ina l b ranches o f th e  large ex te rna l ca rotid  
a rte ry  lead to w a rd s  th e  c e n tre  o f th e  V isce rocran ium .

In th e  d ire c tio n  o f th e  O rb ita , th e  Fossa in fra te m p o ra lis  e x te n ds  fu r th e r  
inw a rds  and cran ia lly  in to  a w id e r  space, th e  p te rygopa la tine  fossa  (Fos
sa p te rygopa la tina ). It is e ssen tia l to  loca te  th is  c a v ity  during  d isse c tio n  
and its  co n te n ts  and m u ltip le  p a th w a ys  are im p o rta n t to  re m em b e r. 
Th is  ca v ity  is a "k e y  d is tr ib u to r"  fo r  ve sse ls  and nerves o f th e  V isce ro 
cran ium . S ince it is h idden and its ana tom y is e x tre m e ly  co m p le x , all 
a n a to m is ts  adore  it and like to  exam ine  s tu d e n ts  on it.
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—► D i s s e c t i o n  L i n k
The d isse c tio n  o f th e  superfic ia l fac ia l reg ion  a t th e  latera l sagitta l 
p lane o f th e  head (head in a latera l pos ition ) is sh o w in g  th e  facia l a rte 
ries and ve ins , m u sc le s  o f fac ia l exp ress ion , all b ranches o f the  
N. fac ia lis , and th e  periphera l b ranches o f th e  N. tr ig e m in u s .
The  d isse c tio n  o f th e  d eep  facia l reg ion  inc ludes th e  rem ova l o f the  
G landula paro tidea, th e  p resen ta tion  o f th e  P lexus p aro tideus  (N. fa c 
ialis [VII]), th e  d isse c tio n  o f th e  Fossa re trom and ibu la ris , th e  rep resen 
ta tio n  o f all fo u r  m a s tica to ry  m usc les , and th e  d e m o n s tra tio n  o f the  
course  o f th e  A. m axilla ris  up to  its  te rm ina l b ranches, as w e ll as the  
p repara tion  o f th e  te m p o ro m a n d ib u la r jo in t w ith  p rese n ta tio n  o f th e  
D iscus a rticu la ris  and ide n tifica tion  o f th e  Chorda tym pan i.
D issection  o f th e  m id s a g itta l planes o f th e  head (head in m ed ia l pos i
tion): The  d isse c tio n  o f th e  nasal s e p tu m  w ith  its  ca rtilag inous and bony 
parts  as w e ll as th e  Fila o lfac to ria  and th e  N. nasopa la tinus is fo llo w e d  
by  th e  rem ova l o f th e  nasal se p tu m  and th e  p rese n ta tio n  o f th e  lateral 
nasal w a ll w ith  o pen ings  o f th e  paranasal s inuses and th e  D uc tus  naso- 
lacrim a lis. The  Fossa p te rygopa la tina  is o pened  and its  co n te n ts  are 
d isp layed. Finally, th e  A. sphenopa la tina  at th e  Foram en sphenopa la ti- 
num  is loca ted , fo llo w e d  by th e  fu ll d isse c tio n  o f th e  oral ca v ity  w ith  
rep resen ta tion  o f th e  G landulae subm and ibu la ris  and sub lingua lis , Nn. 
lingualis, hypog lossus, and g lossopha ryngeus, as w e ll as th e  d isse c tio n  
o f th e  palatal m u sc le s  benea th  th e  a ud ito ry  tu b e  ca rtilage , and o f the  
to n s illa r fossa.

e x a m  : h e c k  l is t
■ D e v e lo p m e n t: N e u ro c ra n iu m , V is c e ro c ra n iu m , N n . c ra n ia le s , 
s e n s o ry  o rg a n s , Fac ies , C ra n iu m  w ith  C a lv a r ia , B as is  c ra n ii,  e x it  
p o in ts  w ith  p e n e tra t in g  s tru c tu re s , A r t ic u la t io  te m p o ro m a n d ib u la -  
r is  a nd  Fossa in f ra te m p o ra lis  • h ea d  a nd  n eck  m u s c le s , Fascia  and  
fa c ia l m u s c le s , m a s t ic a to ry  m u s c le s , fa s c ia  o f  th e  h e a d , Os 
h y o id e u m  a nd  s u p ra h y a l m u s c le s  • c o m p o n e n ts  o f  th e  head : 
C a v u m  n a s i (w ith  o r if ic e s ) , S in u s  p a ra n a s a le s , to p o g ra p h ic  
re la t io n s h ip s , C a v u m  o r is , D en te s , L in g u a , G la n d u la e  o r is ,
P a la tu m  a nd  fu n c t io n  o f  th e  P a la tu m  m o lle  (c le f t fo rm a tio n ) ,  
Is th m u s  fa u c iu m , W A LD E Y E R 's  to n s il la r  r in g , T o n s illa e , P h a ry n x , 
Fossa p te ry g o p a la t in a , in n e rv a t io n  a n d  s u p p ly  o f  a ll s tru c tu re s , 
fa c ia l p a ra ly s is  a nd  c o u rs e  o f  th e  N n . c ra n ia le s  [V, V II—X II]

Clinical Rem arks-----------------------------------
A ilm e n ts  and in ju ries o f th e  head are fre q u e n t e ven ts ; how ever, 
d iseases a ffe c tin g  th e  sku ll base are rare. C om m on to  all is the  
fa c t th a t th e y  are o fte n  life -th rea ten ing . S ince the  head is an ana
to m ica lly  co m p le x  sys te m , consu lta tion  by a va rie ty  o f m edica l 
expe rts  is requ ired  to  ensure  op tim a l care o f th e  pa tien t. This 
team  o f expe rts  inc ludes m edica l d isc ip lines  like o to la ryngo logy, 
head and neck su rgery, neurosu rge ry, oral, den ta l, facial and p las
t ic  su rge ry, o ph tha lm o logy , radia tion the rapy , and d iagnostic  ra
d io logy  and neuroradio logy. S om e p a tien ts  w ith  a severe  head-re- 
lated a ilm e n t (e.g. unclear headache o r im pa ired  b lood perfus ion  
in a region o f th e  brain s te m  resu lting  in ve rtig o  and nausea) have 
expe rienced  an o dysse y  o f re fe rra ls  fro m  one d oc to r to  th e  nex t 
be fo re  enco u n te rin g  the  one physic ian or, even be tte r, a team  o f 
m edica l expe rts  w h o  ide n tify  th e  p rob lem  and are able to  help 
th is  pa tien t. A s  a response  to  th is , som e un ive rs ity  m edica l cen 
tre s  n o w  o ffe r  a co-ord inated , m u ltid isc ip lina ry  team  approach to  
p rov ide  qua lity  tre a tm e n t and fo llo w -u p  fo r  such pa tien ts . Thus, 
th e ra pe u tic  s tra teg ies  are d iscussed  and co -ord inated  am ong  the  
m e m b e rs  o f th e  d if fe re n t m edica l d isc ip lines  invo lved  in each par
ticu la r case in o rde r to  p rov ide  th e  m o s t op tim a l p a tie n t care and 
a llo w  fo r  a speedy recovery o f the  pa tien t.
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Head O verview  -» Skeleton and jo in ts  -> Muscles -*• Topography

Regions of head and neck

Regio frontalis

Regio temporalis 

Regio nasalis

Regio mentalis

omoclaviculare

Regio cervicalis 
Trigonum (  lateralis

Regio orbitalis 

Regio infraorbitalis 
Regio zygomatica

Regio oralis 

egio buccalis

------Trigonum submentale

Trigonum submandibulare 
--------Trigonum caroticum

Regio cervicalis 
anterior

igonum musculare [omotracheale]

Regio sternocleidomastoidea

Fossa supraclavicularis minor

Fig. 8.1 R eg ions o f th e  head and neck, R eg iones cap itis  e t colli;
fro n ta l v iew .
The  h ead  is d iv ided  in to  th e  fo llo w in g  to p o g ra p h ic  reg ions:
•  R egio fro n ta lis
•  R egio te m p o ra lis
•  R egio o rb ita lis
•  R egio nasalis
•  R eg io  in frao rb ita lis
•  R egio zygom atica
•  R egio oralis
•  R egio bucca lis
•  R egio m e n ta lis

•  R egio parie ta lis
•  R egio occ ip ita lis
•  R egio pa ro tideom asse te rica
The neck is d iv ided  in to  th e  fo llo w in g  to p o g ra p h ic  regions:
•  R egio ce rv ica lis  an te rio r, co m po se d  o f T rigonum  su bm e n ta le , T rig 

onum  subm and ibu la re , T rig on u m  ca ro ticu m , and T rigonum  m u scu 
lare (om otrachea le)

•  R egio s te rn o c le ido m a s to id e a  w ith  Fossa suprac lav icu la ris  m ino r
•  R egio ce rv ica lis  la te ra lis  w ith  T rigonum  om oclav icu la re
• R egio ce rv ica lis  p os te rio r

Regio cervicalis 
anterior

Fig. 8 .2 R eg ions o f th e  head  and neck, R eg iones cap itis  e t colli;
la tera l v iew .

Regio parietalis

Regio frontalis Regio temporalis

Regio orbitalis 

Regio nasalis 

Regio zygomatica 

Regio infraorbitalis 

Regio oralis 

Regio buccalis 

Regio mentalis

Regio occipitalis

Regio parotideomasseterica

Trigonum submandik 

Trigonum caroticum 

Trigonum musculare [omotracheale]

Fossa supraclavicularis minor

Regio cervicalis posterior

Trigonum I  Regio cervicalis
omoclaviculare ( lateralis 

Regio deltoidea
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Vessels and nerves -► Nose -► M outh and oral cavity  -► Salivary glands

Skull

Gnathion

Concha nasalis inferior

Mandibula

Frons

Foramen supraorbitale

Margo supraorbitalis 

Nasion 

Os nasale
Fissura orbitalis superior

Os zygomaticum, Proc. frontalis

Sutura internasalis

Fissura orbitalis inferior

Arcus zygomaticus

Os frontale, Proc. zygomaticus

Orbita

Os zygomaticum, Facies orbitalis

Foramen zygomaticofaciale 

Os zygomaticum, Facies lateralis

Apertura piriformis

Crista nasalis, Vomer

Os frontale

Glabella

Os frontale, Squama frontalis 

Sutura frontonasalis 

Arcus superciliaris

Os frontale, Pars orbitalis

Fig. 8 .3  S ku ll, C ran ium ; fro n ta l v iew .
From  b o tto m  to  to p  one  can see th e  lo w e r ja w  o r m and ib le  (M and ibu- 
la), th e  tw o  upper ja w s  o r m ax illa ry  bones (M axillae), th e  nasal bones 
(Ossa nasalia) loca ted  b e tw e e n  th e  m ax illa ry  bone and th e  o rb it (Orbita) 
as w e ll as th e  fro n ta l bone (Os fron ta le ) above th e  o rb it.
The  fro n ta l bone (Os fro n ta le ) co ns is ts  o f fo u r parts  (-*  Fig. 8.23). 
A b o ve  th e  upper m arg in  o f th e  o rb it (M a rgo  supraorb ita lis ) th e  b ila tera l 
A rcu s  su pe rc ilia ris  bu lges o u t. A  p a rt o f th e  Os fro n ta le  p ro trud e s  m e 

d ia lly  d o w n w a rd s  and fo rm s  a p o rtion  o f th e  m ed ia l m arg in  o f th e  o rb it. 
A t  th e  latera l a spect, th e  Proc. zyg om a ticu s  has c o n ta c t w ith  th e  Proc. 
fro n ta lis  o f th e  Os zyg om a ticu m . B o th  fo rm  th e  latera l m arg in  o f th e  
o rb it.
The  zyg om a tic  bone  (Os zy g o m a tic u m ) c o n s titu te s  th e  m a jo r part o f 
th e  latera l and lo w e r m arg ins  o f th e  o rb it.
The  pair o f nasal bones (Os nasale) is co nn e c te d  to  th e  O s fro n ta le  by 
th e  Sutura  fro n to n asa lis  and to  each o th e r by  th e  Sutura  in ternasa lis .

Fig. 8 .4  LE FORT's frac tu res .

Clinical Remarks
Car a cc id e n ts  are a m ong  th e  m o s t fre q u e n t causes o f m id fac ia l fra c 
tu re s  , w h ic h  are c lass ified  accord ing  to  LE FO RT (-» Fig. 8.4):
•  LE FORT I: horizonta l fra c tu re  line w ith  iso la ted  d e ta c h m e n t o f 

th e  m ax illa ry  a lveo lar rim  (" flo a tin g  p a la te ” )

•  LE FORT II: pyram ida l fra c tu re  line invo lv ing  th e  M axilla  in th e  re
g ion  o f th e  flo o r  o f th e  o rb it; in v o lv e m e n t o f th e  e th m o id a l bones, 
an te rio r sku ll base, and nasal bones is a lso possib le

•  LE FO RT III: tra n sve rse  fra c tu re  line w ith  c ran io fac ia l d issocia tion



Head O verview  -» Skeleton and jo in ts  Muscles Topography

Skull bones

Maxilla, Proc. frontalis

Sutura frontolacrimalis

Sutura sphenofrontalis

Os lacrimale

Sutura coronalis

Os parietale, 
Angulus sphenoidalis

Margo infraorbitalis

Sutura nasomaxillaris

Sutura zygomaticomaxillaris infraorbitale

Os ethmoidale
Septum nasi

osseum ' Vomer

Concha nasalis media

Maxilla, Proc. alveolaris 

Spina nasalis anterior

Os sphenoidale, 
Ala major

— Sutura sphenoparietalis

Sutura
sphenozygomatica

Ramus mandibulae

Sutura intermaxillaris

Foramen mentale

Corpus mandibulae Protuberantia mentalis

Sutura frontozygomatica

Os sphenoidale, Ala major, 
Facies orbitalis

Fig. 8 .5 S ku ll bo nes. Ossa cranii; fro n ta l v ie w ; co lo u r ch a rt see 
ins ide  o f th e  back co ve r o f th is  vo lum e .
The  upper ja w  o r m ax illa ry  bone  (M a x illa ) is loca ted  b e tw e e n  th e  o rb it 
and th e  oral cavity. The  m axilla  pa rtic ip a te s  in th e  fo rm a tio n  o f th e  lo w e r 
and m edia l m arg ins o f th e  o rb it and has a latera l b o rd e r w ith  th e  Os 
zyg om a ticu m . The Proc. fro n ta lis  o f th e  m axilla  co nn e c ts  w ith  th e  Os 
fro n ta le . The  Foram en in frao rb ita le  is loca ted  b e lo w  th e  lo w e r m arg in  of 
th e  o rb it in th e  C orpus m axillae . The  Spina nasalis a n te rio r p ro tru d e s  in 
th e  m id line . The Proc. a lveo laris  c rea tes  th e  lo w e r m arg in  o f th e  M axil-

la and su p p o rts  th e  te e th . In th e  o rb it, th e  M axilla  c re a te s  th e  low e r 
m arg in  o f  th e  Fissura o rb ita lis  in fe rio r and, to g e th e r w ith  th e  O s zygo
m a ticum , fo rm s  th e  lateral m arg in  o f th e  o rb it.
The lo w e r ja w  o r m a nd ib le  (M a n d ib u la ) co ns is ts  o f a C orpus and Rami 
m and ibu lae , w h ic h  m e rge  in th e  A n g u lu s  m and ibu lae . The C orpus m an
d ibu lae  is co m po se d  o f th e  Pars a lveo laris  w ith  te e th  and th e  Basis 
m and ibu lae  benea th . The  la tte r p ro trud e s  in th e  m id line  as P ro tuberan
tia  m en ta lis . In add ition , th e  Foram en m en ta le  is sh ow n .

i- Clinical Rem arks--------------------------------------
Fractures o f th e  nasal bone and th e  su p p o rtin g  cartilag ino us  
nasal fra m e w o rk  are a m ong  th e  m o s t fre q u e n t fra c tu re s  o f th e  
fac ia l reg ion . O ne can d is tin g u ish  c losed  and open  nasal fra c tu re s . 
O pen  fra c tu re s  invo lve  bony parts  p ie rc ing  th ro u g h  th e  skin  and s o ft

tissue. The nasal se p tu m  and C onchae nasales can also be a ffe c te d . 
F ractures o f th e  nasal fra m e w o rk  are  typ ica lly  a re su lt o f v io le n t 
physica l d isp u te s , car a cc iden ts , m artia l a rts  like karate, boxing , and 
o f a va rie ty  o f te a m  sports .



Vessels and nerves -► Nose -► M outh and oral cavity -► Salivary glands

Skull bones

Sutura 

Sutura coronalis

Os temporale, Pars squamosa

Sutura sphenofrontalis 

Sutura sphenosquamosa

Linea

Sutura sphenozygomatica 

Sutura frontozygomatica 

Sutura frontolacrimalis

Sutura lacrimomaxillaris 

Sutura nasomaxillaris

Fossa sacci lacrimalis

Spina nasalis

Sutura zygomaticomaxillaris

Sutura temporozygomatica

Linea temporalis superior

Porus acusticus externus 

Condylus occipitalis 

Proc. styloideus 

Articulatio temporomandibularis

Linea temporalis inferior 

Tuber parietale

Sutura squamosa

Sutura lambdoidea

Sutura parietomastoidea

Sutura occipitomastoidea 

Os temporale, Proc. mastoideus

Protuberantia

Foramen mentale

Arcus zygomaticus

Fig. 8 .6  S ku ll bones. Ossa cranii; la tera l v ie w ; co lo u r chart see 
ins ide  o f th e  back co ver o f th is  vo lum e .
The latera l v ie w  d isp lays  parts  o f th e  Ossa fro n ta le , parie ta le , occ ip ita le , 
spheno ida le , and te m p o ra le , parts  o f th e  v isce ro c ra n iu m  (Os nasale, Os 
lacrim a le , M axilla , and O s zyg om a ticu m ) as w e ll as th e  latera l s ide  o f 
th e  lo w e r ja w  (M andibula).
In th e  v isce ro c ra n iu m , th e  Os nasale  has its  cranial and p o s te rio r b o r
de rs  w ith  th e  O s fro n ta le  and th e  M axilla , re spective ly . The upper part 
o f th e  lacrim a l bone (Os lac rim ale) fo rm s  th e  Fossa sacci lacrim a lis  
b e tw e e n  th e  M a x illa  and th e  O s e th m o id a le . The  Proc. a lveo laris o f the  
M axilla  con ta ins  th e  upper te e th . The  m edia l a spe c t o f th e  M axilla  con 
n ec ts  w ith  th e  O s fro n ta le , its  latera l a spe c t co n ta c ts  th e  O s zyg om a ti
cum . The  Spina nasalis an te rio r p ro tru d e s  in th e  a n te rio r m id line . The 
Os zy g o m a tic u m  is respons ib le  fo r  th e  c o n to u r o f th e  reg ion  o f the  
cheek.
The head o f th e  m a nd ib le  (Caput m and ibu lae) a rticu la te s  w ith  th e  Os 
te m p o ra le  in th e  te m p o ro m a n d ib u la r jo in t (A rticu la tio  te m p o ro m a n d ib u 
laris).
In its upper fro n ta l aspect, th e  Os fro n ta le  is co n n e c te d  w ith  th e  parie 
ta l bone (Os parie ta le ) and th e  spheno ida l bone (Os spheno ida le ) via 
th e  Sutura  co rona lis . The O s parie ta le  c o n n e c ts  w ith  th e  occ ip ita l bone 
(Os occ ip ita le ) in th e  Sutura  lam bdo idea  and w ith  th e  Os sp heno ida le  in 
th e  Sutura  shenoparie ta lis . The O s spheno ida le  and th e  te m p o ra l bone 
(Os te m p o ra le ) fo rm  th e  Sutura  sphenosquam osa . O s te m p o ra le  and 
O s o cc ip ita le  c o n n e c t in th e  p o s te rio r Sutura  o cc ip ito m a s to id e a . The

m a jo r p a rt o f th e  latera l w a ll o f th e  sku ll is fo rm e d  by  th e  Pars squam o
sa o f th e  Os tem p o ra le .
Os te m p o ra le  and O s zyg om a ticu m  fo rm  th e  zyg om a tic  arch (Arcus 
zygom a ticus), w h ic h  b ridges th e  Fossa te m p o ra lis . The Pars tym pan ica  
o f th e  O s te m p o ra le  is loca ted  b e lo w  th e  base o f th e  Proc. zyg om a ticus  
and d ire c tly  a d jacen t to  th e  Pars squam osa. A t  its  su rface  lies th e  Porus 
a cus ticu s  e x te rnus.

Fig. 8 .7 R eference lines fo r  th e  te e th .

Tragus ocular 
angle plane

FRANKFORT line

CAMPER'S plane

Occlusal plane
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Head O verview  -» Skeleton and jo in ts  Muscles Topography

Skull bones

Tuber frontale

Sutura coronalis

Linea temporalis inferior

Tuber parietale

Vertex

Sutura sagittalis

Bregma

Linea temporalis superior

Sutura lambdoidea

Lambda

Foramen parietale

Fig. 8 .8 S ku ll bones. Ossa cranii; su pe rio r v ie w ; co lo u r chart see 
ins ide  o f th e  back co ve r o f th is  vo lum e .
A  v ie w  on th e  upper part o f th e  sku ll (sku ll cap, Calvaria) revea ls  th e  Os 
fro n ta le , th e  O ssa parie ta lia , and th e  Os o cc ip ita le . O s fro n ta le  and 
O ssa parie ta lia  are separa ted  by  th e  corona l su tu re  (Sutura coronalis). 
B oth  Ossa parie ta lia  m e e t a t th e  s a g itta l su tu re  (Sutura sag itta lis ). The 
O s o cc ip ita le  c o n n e c ts  w ith  th e  tw o  Ossa parie ta lia  by  th e  la m b d o id

su tu re  (Sutura lam bdo idea). The  c o n ta c t p o in t b e tw e e n  th e  Suturae 
co rona lis  and sag itta lis  is ca lled  B regm a, th e  c o n ta c t p o in t o f th e  S u tu 
rae sag itta lis  and lam bdo idea  is nam ed Lam bda. In th e  dorsa l part o f 
th e  O ssa parie ta lia  and b ila te ra lly  in c lose  p ro x im ity  to  th e  Sutura  sag it
ta lis  are th e  paired Foram ina parie ta lia  fo r  th e  passage o f th e  Vv. e m is - 
sariae.

Clinical Rem arks--------------------------------------
E xtens ive  ex te rna l physica l fo rc e  can lead to  sku ll fra c tu re s . S kull
frac tu re s  are fu r th e r  d if fe re n tia te d  in to :
•  linear fra c tu re s  p rese n tin g  w ith  c lea r fra c tu re  lines
•  sp lit sku ll fra c tu re s  w ith  m u ltip le  b ony  fra g m e n ts  (im pression  

fra c tu re  w ith  inw a rd  p o in tin g  b ony  parts  w h ic h  can cause a co m 
pression  o r te a r o f th e  Dura m a te r as w e ll as an in ju ry  to  brain 
tissue)

•  d ias ta tic  fra c tu re s  (w ith  fra c tu re  lines inc lud ing  su tu re s  and re
s u lt in a w id e n in g  o f th e  su ture) 
basal skull frac tures .

All fra c tu re s  assoc ia ted  w ith  an open w o u n d  o f th e  skin o f th e  head 
and fra c tu re s  invo lv ing  th e  paranasal s inu se s  o r th e  m idd le  ear are 
cons ide red  to  be open fra c tu re s  w ith  a risk o f in fec tio n . They requ ire  
a surgica l in te rve n tio n .



Vessels and nerves -► Nose -► M outh and oral cavity  -► Salivary glands

Skull bones

Sutura sagittalis

Foramen parietale

Sutura lambdoidea

(Sutura occipitalis transversa, Var.)

Sutura squamosa

Sutura parietomastoidea 

Sutura occipitomastoidea 

Foramen mastoideum

Incisura mastoidea

Proc. styloideus

Linea nuchalis inferior

Linea nuchalis superior

(Os interparietale; Os incae)

Ossa suturalia

Os occipitale, Squama occipitalis

Proc. mastoideus

Protuberantia occipitalis externa

Inion

Fig. 8 .9  S ku ll bones. Ossa cranii; p o s te rio r v ie w ; co lo u r chart see 
ins ide  o f th e  back co ver o f th is  vo lum e .
This v ie w  fro m  th e  p o s te rio r s ide  s h o w s  th e  Ossa tem pora lia , parie ta - 
lia, and th e  Os o cc ip ita le . T o  both  s ides o f th e  Os te m p o ra le  th e  Proc. 
m a s to id e u s  is v is ib le . A t  th e  lo w e r m ed ia l m arg in  o f th e  Proc. m a s to i
deus lies th e  Incisura m asto idea ; th is  n o tch  se rves as a tta c h m e n t p o in t 
fo r  th e  V e n te r p o s te rio r o f th e  M . d igastricus .
S how n  fro m  p os te rio r, bo th  Ossa p a rie ta lia  m e e t in th e  m id line  in th e  
Sutura  sag itta lis , c o n n e c t p o s te rio r ly  w ith  th e  Os o cc ip ita le  in th e  S utu- 
ra lam bdo idea, and are separa ted  la te ra lly  fro m  th e  Ossa te m p o ra lia  by 
th e  Sutura  pa rie tom asto idea .

The Os occ ip ita le  o ccup ies  m o s t o f th e  p o s te rio r part o f th e  sku ll. The 
centra l s tru c tu re  is th e  Squam a o cc ip ita lis . F requen tly , su tu ra l bones 
(Ossa su tura lia ) are fo u n d  a long  th e  Sutura  lam bdo idea. The  P ro tube
rantia o cc ip ita lis  ex te rna  is an eas ily  palpable  b ony  re fe ren ce  p o in t on 
th e  Os o cc ip ita le . Its  m o s t p ro trud in g  p o in t is th e  In ion. The  P ro tuberan
tia e x te n ds  b ila te ra lly  in an arch-shaped line as Linea nucha lis  superio r, 
a b ony  c re s t w h ic h  se rves fo r  th e  a tta c h m e n t o f th e  a u to ch tho n o us  
(in trinsic) m u sc le s  o f th e  back. A t app ro x im a te ly  2 -2 .5  cm  b e lo w  th e  
P ro tuberan tia  o cc ip ita lis  ex te rna, th e  L ineae nucha les in fe rio re s  run in a 
s im ila r a rch-shaped fash ion , se rv ing  as add itiona l a tta c h m e n t s ite s  fo r 
m usc les .
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Head O verview  -» Skeleton and jo in ts  -> Muscles -*• Topography

Skull bones

Lamina et 
Foramina cribrosa

Crista galli

Sutura lambdoidea

Sinus frontalis
Eminentia arcuata

Canalis incisivus

Proc. palatinus,
Crista nasalis

Os palatinum 

Hamulus pterygoideus

Sulcus sinus transversi 

Sulcus sinus sigmoidei 

Foramen mastoideum 

Porus et Meatus acusticus internus 

Canalis nervi hypoglossi

Proc. styloideus 

Lamina medialis

Lamina lateralis  ̂Proc. pterygoideus 
Fossa pterygoidea

Os ethmoidale, 
Lamina perpendicularis

Sutura coronalis

Dorsum sellae

Sella turcica

Os temporale, Pars squamosa

Sutura squamosa

Protuberantia occipitalis 
externa

Sinus sphenoidalis Squama occipitalis

Sulci arteriosi

Fig. 8 .10  S ku ll bones. Ossa cranii, r ig h t s ide; m edia l v ie w ; co lou r 
chart see ins ide  o f th e  back co ver o f th is  vo lum e .
The  crania l ca v ity  inc ludes th e  sku ll cap (Calvaria) and th e  base o f th e  
sku ll w h ic h  is co m po se d  o f th e  an te rio r, m idd le , and p o s te rio r cranial 
fossae . The  cranial ca v ity  su rrou n d s  th e  brain  w ith  its  m en inges  and 
e nc loses th e  p rox im a l p o rtion  o f th e  cranial nerves, inc lud ing  th e  b lood

ve sse ls  and th e  ve no u s  s inuses. On th e  ins ide  o f th e  cranial cav ity , th e  
pu lsa tions  o f th e  A. m en ingea  m edia  have carved o u t S ulc i a rte rios i. 
The Lam ina perpend icu la ris  o f th e  O s e th m o id a le  and th e  V om er, th e  
b ony  part o f th e  nasal se p tu m , are loca ted a t th e  tra n s itio n  region  fro m  
N eu rocran ium  to  V isce roc ran ium . The Proc. pa la tinus  o f th e  M axilla  and 
th e  Os p a la tinum  fo rm  th e  hard palate.
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Vessels and nerves -► Nose -► M outh and oral cavity  -► Salivary glands

Skull bones

Sulci arteriosi 
et venosi

Sutura lambdoidea

Crista frontalis

Sulcus sinus sagittalis superioris

Sutura coronalis

Sulcus arteriae 
meningeae mediae

Lamina interna

Foveolae granulares

Sulcus sinus sagittalis 
superioris

Lamina externa

Diploë

Fig. 8.11 R oof o f th e  sku ll, C alvaria ; inn e r a spect; co lo u r chart see 
ins ide  o f th e  back co ver o f th is  vo lum e .
The ins ide  o f th e  sku ll cap  revea ls  th e  Sutura  co rona lis  b e tw e e n  Os 
fro n ta le  and O ssa parie ta lia  and th e  Sutura  lam bdo idea  b e tw e e n  Ossa 
parie ta lia  and O s o cc ip ita le . A lso  v is ib le  a t th e  ins ide  o f th e  O s fron ta le  
is th e  C rista  fro n ta lis  w h ic h  se rves as an a tta c h m e n t fo r  th e  Falx cerebri 
(dup lica tion  o f th e  Dura m a te r co m po se d  o f to u g h  fib ro u s  tissu e ; 
separa tes b o th  cerebra l hem ispheres). The C rista fro n ta lis  tra n s itio n s  
in to  th e  Su lcus s inus  sag itta lis  su pe rio ris  (loca tion  o f th e  S inus sag itta lis  
superio r) w h ic h  b eco m e s w id e r  and dee p e r in its  p o s te rio r part. It ex

te n d s  across th e  Sutura  lam bdo idea  o n to  th e  O s occ ip ita le .
B ila te ra lly  and a longs ide  th e  e n tire  leng th  o f th e  Su lcus s inus  sag itta lis  
supe rio ris , irregu la rly  g rouped  sm a ll dep re ss ion s  (Foveolae granulares, 
loca tion  o f th e  ca u liflo w e r- like  G ranu la tiones a rachno ideae [PAC C HIO 
N IAN  g ranu la tions] are ide n tifie d . The  latera l part o f th e  Calvaria con
ta ins  m u ltip le  g rooves (Sulci a rte rio s i e t venosi).
The bones o f th e  C alvaria  p ossess a specia l s tru ctu re . They c o n s is t 
o f a th ic k  o u te r and th in  inne r com pacta , nam ed Lam ina ex te rna  and 
Lam ina in terna (Lam ina vitrea), and a th in  laye r o f spong iosa , kn ow n  as 
D ip loe .

r- Clinical Rem arks-----------------------------------------------------------------------------------------------------------
The Lam ina in te rna  o f th e  ca lvarian bones is th in  and can be easi- co u rse  in th e  S ulcus a rte riae  m en ingeae  m ediae  o f th e  Lam ina in te r-
ly dam aged  by e x te rn a l fo rces  th a t re su lt in a bend ing  fra c tu re  o f na) a re  in ju red , an ep id ura l h a e m a to m a  m ay o ccur (-» Fig. 12.11).
th e  Lam ina. If th e re b y  b ranches o f th e  A. m en ingea  m edia  (w h ich



Head O verview  -» Skeleton and jo in ts  -> Muscles -*• Topography

Inner aspect of the base of the skull

Sulcus sinus petrosi superioris

Foramen mastoideum

Fossa subarcuata

Sulcus sinus sigmoidei

Canalis condylaris 

Sutura occipitomastoidea 

nervi hypoglossi

Canalis nervi hypoglossi

Protuberantia occipitalis interna

Sulcus sinus transversi

Foramen magnum
(Crista occipitalis interna)

Sulcus sinus sagittalis superioris

Os temporale, Pars squamosa Sulcus sinus petrosi inferioris

Sulcus nervi petrosi minoris
Fissura petrosquamosa

Sulcus nervi petrosi majoris 

Facies anterior partis petrosae 

Margo superior partis petrosae 

Os temporale, Pars petrosa

Porus acusticus 
internus

Margo superior partis petrosae 

Foramen jugulare

Clivus

Crista frontalis 
Sulcus sinus sagittalis superioris

Tuberculum sellae

Os sphenoidale, Ala minor

Foramen rotundum

Lingula sphenoidalis

Foramen lacerum

Foramen caecum
Ala cristae galli

Crista galli 

Lamina et Foramina cribrosa

Canalis opticus

Sutura sphenofrontalis

Impressiones gyrorum 

Dorsum sellae

Proc. clinoideus posterior 

Fissura orbitalis superior

Foramen ovale

Foramen spinosum

Fossa hypophysialis

Proc. clinoideus anterior 

Sulcus caroticus 

Sutura sphenosquamosa

Sulcus arteriosus

Fissura petrooccipitalis 

Spina ossis sphenoidalis

Fig. 8 .12  In ner aspect o f th e  base o f th e  sku ll, Basis cranii 
in terna; su pe rio r v ie w ; co lo u r ch a rt see  ins ide  o f  th e  back co ver o f 
th is  vo lum e .
The  an te rio r (Fossa cran ii an te rio r), m idd le  (Fossa cranii m edia), and 
p o s te rio r cranial fo ssa e  (Fossa cran ii pos te rio r) fo rm  th e  inn e r base o f 
th e  sku ll. Ossa fro n ta le , e thm o ida lia , and spheno ida le  partic ipa te  in th e  
s tru c tu re  o f th e  a n te rio r c ran ia l fossa. The la tte r is loca ted  above th e  
nasal ca v ity  and o rb it and co n ta in s  th e  Foram en caecum , th e  Crista 
galli (a tta ch m e n t p o in t fo r  th e  Falx cerebri), and th e  b ila te ra l Lam ina 
cribrosa. P oste rio r to  th e  O s fro n ta le  and O ssa e thm o ida lia , th e  Corpus 
and th e  A lae m ino re s  o f th e  O s sp heno ida le  fo rm  th e  base o f th e  an te 
rio r cranial fossa . The  C orpus a lso fo rm s  th e  b orde r to  th e  m idd le  cra
nial fossa .

The m id d le  cranial fossa is com posed  o f th e  Ossa spheno ida le  and 
tem pora lia . Its flo o r is e leva ted in th e  m id line , and a t th is  p o in t it be
com es part o f th e  Corpus o f th e  Os sphenoida le . The p it-shaped lateral 
po rtions  are parts  o f th e  Ala m a jo r o f th e  Os spheno ida le  and th e  Pars 
squam osa o f th e  Os tem pora le . Located in th e  m idd le  cranial fossa are 
th e  saddle-shaped Sella tu rc ica  w ith  th e  Fossa hypophysia lis, and on 
both  s ides th e  Canalis op ticus , th e  Fissura orb ita lis  superio r, and th e  Fo
ram ina ro tundum , ovale, sp inosum , and lacerum . The Facies an te rio r 
partis petrosae dem arca tes th e  p os te rio r aspect o f th e  m idd le  cranial 
fossa .
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Vessels and nerves -► Nose -► M outh and oral cavity  -► Salivary glands

Inner aspect of the base of the skull

Fossa cranii 
anterior

Fossa cranii 
media

Fossa cranii 
posterior

Fig. 8 .13  In ner aspect o f th e  base o f th e  sku ll. Basis cranii 
in tern a ; supe rio r v iew .
O f th e  th re e  cranial fossae , th e  p o ste rio r crania l fossa is th e  b igges t. 
It is co m po se d  o f th e  O ssa tem pora lia , th e  O s o cc ip ita le , and, to  a 
sm a lle r e x te n t, o f th e  O s spheno ida le  and th e  Ossa parie ta lia .
In th e  m id line , its  an te rio r m arg in  is fo rm e d  by  th e  D orsum  se llae  and 
th e  C livus. The  C livus is an o b lique  b ony  rim , w h ic h  c rea tes  a s lope 
fro m  th e  D orsum  se llae  to  th e  Foram en m a gn u m . The  C livus is c o m 
posed  o f pa rts  o f th e  C orpus o f th e  O s spheno ida le  and th e  Pars basi-

laris o f th e  O s o cc ip ita le . The  p o s te rio r a spe c t o f th e  p o s te rio r cranial 
fossa  c o n s is ts  m a in ly  o f th e  Su lcus s inus  transve rs i. The Foram en m a
g nu m  is th e  la rgest open ing  o f th e  p os te rio r cranial fossa .
A dd itio n a l s tru c tu re s  o f th e  p o s te rio r cranial fo ssa  inc lude  th e  Canalis 
nervi h ypog loss i, th e  Porus acus ticu s  in te rnus, and th e  Foram en jugu la- 
re. The  Su lcus s inus  s igm o ide i approaches th e  Foram en jugu la re  fro m  
lateral. The  centra l dep ress ion  in th e  p o s te rio r cranial fossa  is th e  Fossa 
ce rebe lla ris .

Lamina cribrosa

Canalis opticus

Fissura orbitalis superior

Dorsum sellae

Foramen rotundum

Foramen ovale

Foramen lacerum;
Fissura sphenopetrosa

Foramen spinosum

Canalis caroticus,
Apertura interna

Clivus

Porus acusticus 
internus

Foramen jugulare

Sulcus sinus sigmoidei

Canalis nervi hypoglossi

Foramen magnum

Fossa cerebellaris

Sulcus sinus transversi



Head O verview  -» Skeleton and jo in ts  -> Muscles -*• Topography

Outer aspect of the base of the skull

Foramen mastoideum

Fossula petrosa

Linea nuchalis superior

Linea nuchalis inferior

Os sphenoidale, 
Ala major Crista infratemporalis

Os temporale, 
Proc. zygomaticus

Foramen lacerum

Foramen spinosum

Foramen jugulare
Canalis nervi hypoglossi

Fossa incisiva; Foramen incisivum

Sutura palatina mediana

Maxilla, Proc. palatinus

Sutura palatina transversa

Os palatinum, Lamina horizontalis 

Foramen palatinum majus

Fissura orbitalis inferior 

Arcus zygomaticus

Canalis caroticus

Proc. styloideus

Meatus acusticus 
externus

Foramen
stylomastoideum

Fossa jugularis
Proc. mastoideus

Foramen magnum

Spina nasalis posterior

Vomer, Alae vomeris

Os palatinum, Proc. pyramidalis

Maxilla, Proc. zygomaticus

Proc. pterygoideus,
Lamina medialis

Hamulus pterygoideus

Proc. pterygoideus, 
Lamina lateralis

Proc. pterygoideus, 
Lamina medialis

Foramen ovale

Os occipitale, Pars basilaris, 
Tuberculum pharyngeum

Spina ossis sphenoidalis Canaliculus mastoideus

Condylus occipitalis

Canalis condylaris

Fig. 8 .1 4  O u te r asp ect o f th e  base o f th e  sku ll, Basis cranii 
e xte rn a ; in fe rio r v iew .
The  cranial base e x te n d s  to  th e  m idd le  inc iso rs  in th e  fro n t, b ila te ra lly  
to  th e  Proc. m a s to id e i and th e  A rcu s  zygom a tic i, and to  th e  Lineae 
nucha les su pe rio res  in th e  back. The  cranial base d iv ides  in to  th re e  
c o m p a rtm e n ts :
•  an te rio r c o m p a rtm e n t w ith  upp e r te e th  and hard palate
•  m idd le  c o m p a rtm e n t p o s te rio r to  th e  palate up to  th e  a n te rio r m ar

g in  o f th e  Foram en m agnum
•  p o s te rio r c o m p a rtm e n t fro m  th e  a n te rio r m arg in  o f th e  Foram en 

m agnum  to  th e  L ineae nucha les  supe rio res
A n te rio r  crania l base: enco m p a sses  th e  palate (-► Fig. 8.26). 
M id d le  crania l base: th e  a n te rio r p a rt o f th is  m idd le  c o m p a rtm e n t is

co m po se d  o f th e  V o m e r and th e  O s spheno ida le ; th e  Ossa tem pora lia  
and th e  Os occ ip ita le  fo rm  th e  p os te rio r part. The V o m e r is loca ted  in 
th e  fro n ta l part o f th e  m id line , rides on  th e  O s spheno ida le , and co n s ti
tu te s  th e  p o s te rio r p a rt o f th e  nasal se p tu m .
The O s sp heno ida le  is co m po se d  o f a centra l C orpus and th e  paired 
A lae m a jo res  and A lae  m ino re s  (no t v is ib le  fro m  be low ).
F o llow ing  d ire c tly  beh ind  th e  C orpus o f th e  O s sp heno ida le  is th e  Pars 
basilaris o f th e  Os occ ip ita le , w h ic h  re p re se n ts  th e  b eg inn ing  o f the  
p o s te rio r cranial base. The  Pars basilaris e x te n ds  up to  th e  Foram en 
m a gn u m . Here, th e  Tub e rcu lu m  p ha ryngeum  p ro trud e s . It c o n s titu te s  
th e  b ony  a tta c h m e n t p o in t fo r  pa rts  o f th e  Pharynx.
(con tinua tion  -» Fig. 8.15)
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Vessels and nerves -► Nose -► M outh and oral cavity  -► Salivary glands

Outer aspect of the base of the skull

Fossa incisiva; Foramen incisivum

Foramina palatina 
minora

Fossa infratemporalis

Foramen ovale

Canalis nervi hypoglossi

Fossa condylaris; 
Canalis condylaris

Choanae

Tuberculum articulare 

Fossa mandibularis 

Sulcus tubae auditivae

Linea nuchalis inferior

Foramen spinosum

Foramen lacerum; 
Fissura sphenopetrosa

Porus acusticus 
externus

Protuberantia occipitalis externa Crista occipitalis externa

Foramen palatinum majus

Palatum durum

Fissura orbitalis 
inferior

Arcus zygomaticus

Incisura mastoidea

Foramen
stylomastoideum

Condylus occipitalis

Foramen jugulare

Canalis caroticus, 
Apertura externa

Proc. mastoideus

Fig. 8 .15  O u te r  aspect o f th e  base o f th e  sku ll, Basis cranii 
exte rna ; in fe r io r v iew .
M id d le  crania l base (con tinua tion  o f -» Fig. 8 .14): The  Su lcus tubae 
aud itivae  is pos itio n ed  a t th e  b o rde r b e tw e e n  The Ala m a jo r o f th e  Os 
spheno ida le  and th e  Pars pe trosa  o f th e  O s te m p o ra le  and rep resen ts  
th e  e n trance  in to  th e  b ony  p a rt o f th e  Tuba aud itiva  (-* p. 145). The 
b ony  canal c o n tin u e s  th ro u g h  th e  Pars pe trosa  o f th e  Os te m p o ra le  to  
th e  ty m p a n ic  cavity. Loca ted  la te ra lly  is th e  Pars squam osa  o f th e  Os 
te m p o ra le  w h ic h  is invo lved  in th e  fo rm a tio n  o f th e  te m p o ro m a n d ib u la r 
jo in t (A rticu la tio  tem p o ro m a n d ib u la ris ). The Fossa m and ibu la ris  is part 
o f th e  a rticu la r su rfa ce  o f  th e  te m p o ro m a n d ib u la r jo in t (-*  pp. 3 6 -3 9 ).

The  Tub e rcu lu m  a rticu la re  is loca ted  a t th e  an te rio r m arg in  o f th e  Fossa 
m and ibu laris .
P osterio r crania l base: The p os te rio r c o m p a rtm e n t e x te n ds  fro m  th e  
an te rio r m arg in  o f th e  Foram en m agnum  to  th e  L ineae nucha les supe
rio res and co ns is ts  o f pa rts  o f th e  O s o cc ip ita le  and O ssa tem pora lia . 
Each o f th e  paired  Pars la te ra lis  p ossesses a C ondylus o cc ip ita lis  fo r 
th e  a rticu la tion  w ith  th e  A tlas. Loca ted  beh ind  th e  cond y le  is th e  Fossa 
condy la ris , w h ic h  co n ta in s  th e  Canalis condy la ris ; a n te rio r to  th e  con
dy le  th e  C analis nervi h ypog loss i is s itua ted . Im m e d ia te ly  latera l th e re o f 
lies th e  Foram en jugu lare .
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Head O verview  -» Skeleton and jo in ts  -> Muscles -*• Topography

Foramina of the outer base of the skull

Fig. 8 .16  O u te r asp ect o f th e  base o f th e  sku ll, Basis cranii 
e x te rn a , w ith  Foram ina; in fe rio r v ie w ; co lo u r ch a rt see ins ide  o f th e  
back co ver o f th is  vo lu m e .

i- Clinical Rem arks-----------------------------------
In basilar skull frac tures  th e  fra c tu re  lines trave rse  the  open ings 
a t th e  base o f th e  sku ll. Thus, b lood vesse ls  and nerves passing 
th ro u gh  th e se  open ings  can be in ju red  w ith  resu lting  nerve  pal
s ies and b leed ings as fre q u e n t com p lica tions . In add ition , basilar 
sku ll fra c tu re s  can invo lve  th e  fron ta l, spheno ida l, and e thm o ida l 
s inuses (cerebrosp ina l flu id  [CSF] and /or b lood ex itin g  th rough  
th e  nose). Lateral basilar skull fra c tu re s  o fte n  invo lve  th e  pe trous  
bone  (CSF ex itin g  fro m  th e  o u te r ear canal).

Fo ram ina  of th e  O u ter Base of th e  Skull and th e ir  C o n ten t

Foram ina C o n ten t

Fo ram en incisivum •  N. nasopa la tinus (N. m axilla ris  [V/2])

Fo ram en pa la tin u m  
m ajus

•  N. pa la tinus m a jo r (N. m axilla ris  [V/2])
•  A. palatina m a jo r (A. palatina descen- 

dens)

Fo ram ina  p a la tin a  
m ino ra

•  Nn. pala tin i m ino res  (N. m axilla ris  [V/2])
•  Aa. pala tinae m ino res  (A. palatina 

descendens)

Fissura orb ita lis  
in ferio r

•  A. in frao rb ita lis  (A. m axillaris)
•  V. oph tha lm ica  in fe rio r
•  N. in frao rb ita lis  (N. m axilla ris  [V/2])
•  N. zygom a ticus  (N. m axilla ris  [V/2])

Fo ram en ro tu n d u m
( - p .  12)

•  N. m axilla ris  [V/2]

Fo ram en ovale •  N. m and ibu la ris  [V/3]
•  P lexus venosus fo ra m in is  ovalis

Fo ram en spinosum •  R. m en ingeus (N. m and ibu la ris  [V/3])
•  A. m eningea m edia (A. m axillaris)

Fissura sp heno
petrosa, Foram en  
lacerum

•  N. pe tro sus  m ino r (N. g lossopharyn - 
geus [IX])

•  N. pe tro sus  m a jo r (N. fac ia lis  [VII])
•  N. pe tro sus  p ro fundus  (Plexus 

ca ro ticus in ternus)

A p ertu ra  externa  
canalis  carotic i and  
C analis  caroticus

•  A. ca ro tis  interna, Pars petrosa
•  P lexus venosus ca ro ticus in te rnus
•  P lexus ca ro ticus in te rnus  (Truncus 

sym pa th icus , G anglion cervica le  
superius)

Foram en
sty lo m asto id eu m

•  N. fac ia lis  [VII]

Fo ram en ju g u lare an te rio r part:
•  S inus pe tro sus  in fe rio r
•  N. g lossopharyngeus [IX] 
p os te rio r part:
•  A. m eningea p os te rio r (A. pharyngea 

ascendens)
•  S inus s igm o ide u s  (Bulbus superio r 

venae jugularis)
•  N. vagus [X]
•  R. m en ingeus (N. vagus [X])
•  N. accessorius [XI]

C analiculus
m asto id eus

•  R. auricu la ris nervi vagi (N. vagus [X])

C analis  nervi 
hypoglossi

•  N. hypog lossus  [XII]
•  Plexus venosus canalis nervi hypoglossi

C analis  condylaris •  V. em issaria  condyla ris

Fo ram en m ag num •  M en inges
•  P lexus venosus ve rteb ra lis  in te rnus  

(S inus m arginalis)
•  Aa. ve rteb ra les  (Aa. subclaviae)
•  A. sp ina lis  an te rio r (Aa. ve rtebra les)
•  M edu lla  ob longa ta /M edu lla  sp inalis
•  Radices sp ina les (N. accessorius [XI])

Fossa incisiva; Foramen incisivum

Fissura orbitalis inferior

Foramen ovale

Fissura 
sphenopetrosa; 

Foramen lacerum

Foramen spinosum

Apertura externa 
canalis carotici

Canaliculus
mastoideus

Meatus acusticus 
externus

Foramen
stylomastoideum

Foramen jugulare

Canalis nervi hypoglossi

Foramen mastoideum

Foramen magnum

Foramen palatinum majus

Foramina palatina minora

Canalis condylaris
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Vessels and nerves -► Nose -► M outh and oral cavity  -► Salivary glands

Foramina of the inner base of the skull

Fo ram ina  o f th e  In ner A sp ect o f th e  Base o f th e  S ku ll and th e ir  
C o n te n t

Foram ina C o n ten t

Lam ina  cribrosa •  N n. o lfac to rii [I]
•  A. e th m o id a lis  an te rio r (A. oph tha lm ica )

C analis  opticus •  N. o p tic u s  [II]
•  A. o ph tha lm ica  (A. ca ro tis  interna)
•  M e n in g e s ; Vaginae nerv i op tic i

Fissura o rb ita lis  
superior

m idd le  part:
•  N. nasocilia ris  (N. o ph tha lm icu s  [V/1])
•  N. o cu lo m o to riu s  [III]
•  N. abducens [VI] 
latera l part:
•  N. tro ch le a ris  [IV] 

m u tu a l o rig in  of:
-  N. fro n ta lis  (N. o ph tha lm icu s  [V/1])
-  N. lacrim a lis  (N. o ph tha lm icu s  [V/1])

•  R. o rb ita lis  (A. m en ingea  m edia)
•  V. oph tha lm ica  supe rio r

Fo ram en  ro tu n d u m •  N. m axilla ris  [V/2]

Fo ram en  ovale •  N. m and ibu la ris  [V/3]
•  P lexus ve no su s  fo ra m in is  ovalis

Fo ram en  spinosum •  R. m e n in g eu s  (N. m and ibu la ris  [V/3])
•  A. m en ingea  m edia  (A. m axillaris)

Fissura s p heno
pe trosa , Foram en  
lacerum

•  N. pe tro sus  m ino r
(N. g lossopha ryngeus  [IX])

•  N. pe tro sus  m a jo r (N. fac ia lis  [VII])
•  N. pe tro sus  p ro fu nd u s  

(P lexus ca ro ticu s  in te rnus)

A p e rtu ra  in tern a  
canalis  caro tic i and  
C analis  caroticus

•  A. ca ro tis  in terna , Pars petrosa
•  P lexus ve no su s  ca ro ticu s  in te rnus
•  P lexus ca ro ticus  in te rn u s  (Truncus 

sym p a th icu s , G anglion cerv ica le  
superius)

Porus and M e atu s  
acusticus in ternu s

•  N. fac ia lis  [VII]
•  N. ve s tibu lo coch lea ris  [VIII]
•  A. labyrin th i (A. basilaris)
•  Vv. labyrin th i

Fo ram en  ju g u lare a n te rio r part:
•  S inus p e tro su s  in fe rio r
•  N. g lossopha ryngeus  [IX] 
p o s te rio r part:
•  A. m en ingea  p o s te rio r (A. pharyngea 

ascendens)
•  S inus s ig m o id e u s  (B u lbus supe rio r 

venae jugu laris)
•  N. vagus [X]
•  N. a ccesso rius  [XI]
•  R. m e n in g eu s  (N. vagus [X])

C analis  nervi 
hypoglossi

•  N. hypo g lossu s  [XII]
•  P lexus ve no su s  cana lis nervi hypog loss i

C analis  condylaris •  V. em issaria  condyla ris

Fo ram en  m ag n u m •  M e n in g es
•  P lexus ve no su s  ve rteb ra lis  in te rnus 

(S inus m argina lis)
•  Aa. ve rte b ra le s  (Aa. subclaviae)
•  A. sp ina lis  a n te rio r (Aa. ve rteb ra les)
•  M edu lla  ob lo n ga ta /M e d u lla  sp ina lis
•  Radices sp ina les (N. a ccesso rius  [XI])

Fig. 8.17 In ner aspect o f th e  base o f th e  sku ll, Basis cranii 
e x te rn a , w ith  Foram ina; su pe rio r v ie w ; co lo u r ch a rt see ins ide  o f th e  
back co ver o f th is  vo lum e .

Lamina et Foramina cribrosa

Canalis jpticus

Fissura orbitalis superior

Fdramen rotundum

Foramen ovale

Foramen lacerum; 
Fissura sphenopetrosa

Foramen spinosum

Apertura interna 
canalis carotici

Porus acusticus 
internus

Foramen jugulare

Canalis condylaris 

Canalis nervi hypoglossi

Foramen magnum
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Head O verview  -» Skeleton and jo in ts  Muscles Topography

Development of the skull

Os parietale

Sutura coronalis

Foramen supraorbitale 

Os temporale

Os zygomaticum

Mandibula

(Symphysis mandibulae)

Os frontale, Tuber frontale

Maxilla, Proc. frontalis

Os nasale

Os sphenoidale, Ala major 

Septum nasi osseum 

Foramen infraorbitale 

Dens deciduus

Maxilla
8 18 Foramen mentale

Fonticulus anterior

(Sutura frontalis)

Fonticulus anterior

Sutura

Os frontale, Tuber frontale

Fonticulus sphenoidalis

Os sphenoidale, Ala

Os parietale, Tuber parietale

Apertura piriformis

Os zygomaticum

Mandibula

Os temporale, Pars squamosa

Anulus tympanicus 

8.19 Os occipitale, Pars lateralis

Fonticulus posterior

Squama occipitalis 

Sutura lambdoidea

Fonticulus mastoideus 

temporale, Pars petrosa

Fig. 8 .1 8  and Fig. 8 .19  S ku ll, C ran iu m , o f a n e w b o rn ; fro n ta l 
(-» Fig. 8 .18) and lateral (-*  Fig. 8 .19) v ie w s ; co lo u r ch a rt see  ins ide  o f 
th e  back co ve r o f th is  vo lum e .
A t  b irth , th e  new b o rn  has s ix  fo n ta n e lles , tw o  unpa ired  (Fonticu li an te 
rio r and poste rio r) and tw o  paired  (Fon ticu li spheno ida ies  and m asto - 
idei). D uring  delivery , su tu re s  and fo n ta n e lle s  se rve  as re fe ren ce  s tru c 
tu re s  to  assess th e  loca tion  and pos itio n  o f th e  fo e ta l head. S ho rtly

b e fo re  b irth , th e  F o n ticu lus  p o s te rio r b eco m e s th e  lead ing  part o f th e  
head in th e  case o f a norm a l cepha lic  p resen ta tion .
In co n ce rt w ith  th e  su tu re s  (Suturae), th e  fo n ta n e lle s  a llo w  a lim ited  
d e fo rm a tio n  o f th e  fo e ta l sku ll during  de live ry. The  rem arkab le  postna
ta l g ro w th  re su lts  in th e  fo n ta n e lle s  b ecom ing  rap id ly  sm a lle r, and co m 
p le te  c losu re  w ill o ccur by th e  end  o f th e  th ird  year o f life.



Development of the skull

Vessels and nerves -► Nose -► M outh and oral cavity  -► Salivary glands

Os parietale, Tuber parietale

Os frontale, Squama frontalis 

Sutura coronalis

Sutura sagittalis
Fonticulus posterior

Sutura lambdoidea
Os occipitale, Squama occipitalis

Sutura frontalis

Fonticulus anterior

Fig. 8 .20  S ku ll, C ran iu m , o f a n e w b o rn ; su pe rio r v ie w ; co lo u r chart 
see ins ide  o f th e  back co ve r o f th is  vo lum e .
A t b irth , th e  b ony  p la tes o f th e  sku ll cap  (Calvaria) are s till sepa ra ted  by 
th e  in te rs tit ia l tis s u e  loca ted  in th e  cranial su tu re s . The su tu re s  are 
w id e n e d  to  fo n ta n e lle s  (Fonticuli) in reg ions w h e re  m o re  than  tw o  bo
nes m e e t. D uring  life , m o s t su tu re s , fo n ta n e lle s  (Fonticuli), and

syn cho n d rose s  oss ify . Im p o rta n t su tu re s  inc lude  th e  S uturae lam bdo i
dea ( la m b d o id  su tu re ), fro n ta lis  (fron ta l su tu re ), sag itta lis  (sag itta l 
su tu re ), and co rona lis  (coronal su ture ) w h ich  gradua lly  fu s e  up to  
a bo u t 50 years  o f age (the fro n ta l su tu re  a lready b e tw e e n  th e  f irs t and 
second  year o f life).

Fo ntane lles

Fo ntane lle N u m b e r C losure  
[m o n th  o f life]

F o n ticu lus  an te rio r 
(large fon tane lle )

1 approx. 36

F o n ticu lus  p os te rio r 
(sm all fon tane lle )

1 approx. 3

F o n ticu lus  spheno ida lis  
(an te rio r lateral 
fon tane lle )

paired approx. 6

F o n ticu lus  m a s to id e u s  
(pos te rio r lateral 
fon tane lle )

paired approx. 18



Development of the skull

Head O verview  -» Skeleton and jo in ts  Muscles Topography

Os occipitale, Squama occipitalis

(Sutura occipitalis transversa, var.)

Fonticulus mastoideus

Os temporale, Pars petrosa

Os temporale, Pars squamosa

Pars tympanica, Anulus tympanicus 

Os temporale, Pars petrosa 

Os sphenoidale, Proc. pterygoideus

Os palatinum, Lamina horizontalis

Fonticulus posterior

Os parietale

Os occipitale, Pars lateralis

Foramen magnum

Maxilla, Proc. palatinus 

(Os incisivum)

Fig. 8.21 S ku ll, C ran iu m , o f a n e w b o rn ; p o s te rio r in fe rio r v ie w ; 
co lo u r chart see ins ide  o f th e  back co ver o f th is  vo lum e .
The  d e v e lo p m e n t o f th e  sku ll invo lves  a d esm a l and an enchondra l 
oss ifica tio n  m o de  (-» tab le ). The m e se n ch ym e  o f th e  head is th e  pri

m o rd ia l bu ild ing  m ate ria l th a t d e rives  fro m  th e  p rechorda l m e sod e rm , 
th e  occ ip ita l so m ites , and th e  neura l cres t. A t  th e  tim e  o f b irth , som e 
cranial bones are  linked  by  ca rtilag inous jo in ts  (A rticu la tio n es  cartilag i- 
neae; S ynchond roses cranii).

O ssification  M o d e  o f th e  S ku ll Bones

V iscero cran iu m N eu ro cran ium Ossicles

D esm al M and ibu la  e x ce p t fo r  Proc. condylaris , 
M axilla , Os zyg om a ticu m , Os 
pa la tinum , O s nasale, V om er, Os 
lacrim ale

Lam ina m ed ia lis  o f th e  Proc. 
p te ryg o id eu s  o f th e  O s spheno ida le , 
Pars squam osa  o f th e  O s tem p o ra le , 
Squam a o cc ip ita lis , O s fro n ta le , Os 
parie ta le

C hondral Proc. condy la ris  o f th e  M and ibu la , 
O s e thm o ida le ,
Concha nasalis in fe rio r

Os spheno ida le  e x ce p t fo r  Lam ina 
m ed ia lis  o f th e  Proc. p te rygo ideus , 
Pars pe trosa  and Pars tym p a n ica  o f 
th e  O s te m p o ra le , Pars la te ra lis  and 
Pars basilaris o f th e  O s occ ip ita le

M ECKEL's cartilage M alleus, Incus

REICHERT'S cartilage Proc. s ty lo id e u s  o f th e  O s tem p o ra le Stapes
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Craniostenoses

Figs. 8 .22a and b C ran iostenoses; ch ild  w ith  S caphocephalus.
[20 ]
This c lin ica l p ic tu re  is th e  re su lt o f a p rem a tu re  c losu re  o f th e  sagitta l 
su tu re . The sku ll cap is d isp ro p o rtio n a lly  long, 
a su pe rio r v ie w  
b v ie w  fro m  th e  righ t s ide

i- Clinical Rem arks--------------------------------------
A  d ysos to s is  is a dev ia tion  fro m  norm al b ony  g ro w th . The p rem a
tu re  c losu re  o f one  o r m o re  su tu re s  re su lts  in cran iosynostoses. 
P rem atu re  c losu re  o f  th e  Sutura  sag itta lis  re su lts  in th e  ex tens ion  
o f th e  sku ll in th e  fro n ta l and occ ip ita l reg ion . The  sku ll b eco m e s 
longe r and n a rro w e r (scaphocephaly ). The p rem a tu re  c losu re  o f 
th e  co rona l su tu re s  re su lts  in acroceph aly  (also nam ed tu rr ic e 

phaly). A s y m m e tr ic  c ra n io syn os tos is  (p lag iocepha ly ) re su lts  fro m  
unila te ra l p rem a tu re  occ lus ion  o f th e  S uturae co rona lis  and lam bdo- 
idea. M icro cep h a ly  resu lts  fro m  im pa ired  g ro w th  o f th e  brain  be
cause  th e  g ro w th  o f th e  sku ll bones ad ju s ts  to  th e  size o f th e  brain. 
Thus, sm a ll brain  size causes an unde rd eve lo pe d  N eu rocran ium  and 
m e n ta l re ta rda tion  in ch ild ren  w ith  m icrocephaly .
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Frontal and ethmoidal bones

Squama frontalis, Facies externa

Tuber frontale

Margo parietalis

Arcus superciliaris

Incisura supraorbitalis

Pars orbitalis, Facies orbitalis

Pars nasalis

Facies temporalis

Margo supraorbitalis

Proc. zygomaticus

Incisura frontalis 

Glabella

Spina nasalis

Fig. 8 .23  Fron tal bo ne , Os fro n ta le ; fro n ta l v ie w ; co lo u r ch a rt see 
ins ide  o f th e  back co ve r o f th is  vo lum e .
Loca ted  m o s t a n te rio r in th e  sku ll cap, th e  fro n ta l bone p artic ipa tes  in
th e  fo rm a tio n  o f th e  w a lls  o f th e  o rb ita l and nasal cavity. The unpa ired
O s fro n ta le  has fo u r parts:
•  th e  unpa ired  Squam a fro n ta lis
•  th e  paired  Partes o rb ita le s  and
•  th e  unpa ired  Pars nasalis

A b o ve  th e  upper m arg in  o f th e  o rb it (M a rgo  supraorb ita lis ) th e  p rom i
n en t A rcus supercilia ris p ro trudes, a pheno type  c o m m o n ly  m ore  deve l
oped in m en  than  in w o m e n . In th e  m id line  b e tw e e n  th e  tw o  A rcus, the  
bone  is f la t  and crea tes  th e  G labella (area b e tw e e n  th e  e ye b ro w s). Fre
quen tly , a Foram en supraorb ita le , m o re  ra re ly  an Incisura fro n ta lis , is 
p re s e n t a t th e  m ed ia l m arg in  o f  th e  o rb it.

Lamina et Foramina cribrosa

Fossa glandulae lacrimalis

Margo supraorbitalis

Lamina perpendicularis

frontalis

Incisura supraorbitalis

Margo supraorbitalis

Labyrinthus ethmoidalis

Proc. zygomaticus

Lamina et Foramina cribrosa

Fig. 8 .2 4  Fron ta l bo ne . Os fro n ta le , e th m o id a l bo ne . Os  
e th m o id a le , and nasal bones. Ossa nasalia; in fe rio r v ie w ; co lou r 
chart see ins ide  o f th e  back co ver o f th is  vo lum e .
The  O s e th m o id a le  and O ssa nasalia c o n n e c t w ith  th e  O s fro n ta le  in a 
m edia l a n te rio r and caudal pos itio n  and fo rm  p a rt o f th e  nasal ske le ton . 
The  S inus fro n ta lis  is loca ted  w ith in  th e  fro n ta l bone.
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Upper jaw  and palatine bone

Margo lacrimalis

Incisura lacrimalis 

Margo infraorbitalis

Facies orbitalis

Facies infratemporalis

Foramina alveolaria 

Proc. zygomaticus

Tuber 

Proc. alveolaris

(Crista zygomaticoalveolaris)

Foramen infraorbitaleSulcus infraorbitalis

Proc. frontalis, Crista lacrimalis anterior

Incisura nasalis

Spina nasalis anterior 

Fossa canina

orpus maxillae, Facies anterior

alveolaria

Fig. 8 .25  U p p er ja w , M a x illa , r ig h t side; lateral v iew .
The upp e r ja w  can be d iv ided  in to  th e  body o f m axilla  (Corpus m axillae), 
fro n ta l p rocess  (Proc. fro n ta lis , co nn e c ts  w ith  th e  Os fron ta le ), zygo
m a tic  p rocess  (Proc. zyg om a ticu s , co nn e c ts  w ith  th e  zyg om a tic  bone), 
pa la tine  p rocess (Proc. pa la tinus, an te rio r part o f th e  palate, -*  Fig. 8.26), 
and a lveo lar p rocess (Proc. a lveolaris). The  la tte r c re a te s  th e  lo w e r m ar

g in  o f th e  M axilla  and is co m po se d  o f th e  den ta l a lveoli (A lveo li den ta- 
les) w h ic h  con ta in  th e  roo ts  o f th e  te e th . The  p ro trud ing  a n te rio r rim  o f 
th e se  den ta l so cke ts  a re  nam ed Juga  a lveolaria . The  Foram en in fraorb i- 
ta le  is loca ted  in th e  C orpus m axillae , im m e d ia te ly  b e lo w  th e  lo w e r or
b ita l m argin .

Proc. frontalis

Sulcus lacrimalis

Crista conchalis 

Facies nasalis

Spina nasalis anterior

Proc. palatinus 

Foramen incisivum

lacrimalis Sinus maxillaris

ethmoidalis

Incisura sphenopalatina

Os palatinum,
Lamina perpendicularis

Crista conchalis 
Spina nasalis posterior

Os palatinum, Lamina horizontalis

Sutura palatina transversa

Fig. 8 .26  U p p er ja w . M a x illa , and p a la tin e  bo ne . Os p a la tin u m , 
r ig h t side; m edia l v ie w  in to  th e  S inus m axillaris ; co lo u r ch a rt see 
ins ide  o f th e  back co ver o f th is  vo lum e .
P oste rio r to  th e  M axilla  lies th e  pa la tine  bone  w h ic h  is co m po se d  o f

tw o  p la tes: The  Lam ina  h o rizo n ta lis  c re a te s  th e  p os te rio r part o f th e  
palate (Palatum  osseum ), th e  Lam ina  perpend icu la ris  e x te n ds  ve rti
ca lly  u p rig h t (pe rpend icu la r to  th e  horizon ta l lam ina) and is th e  p os te rio r 
m ed ia l m arg in  o f th e  S inus m axillaris.
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Crista sphenoidalis

Os ethmoidale, 
Crista galli

Lamina et Foramina cribrosa

Squama frontalis, Facies interna

Sinus frontalis

Sutura frontonasalis

Sinus sphenoidalis

Fossa hypophysialis 

Dorsum sellae

Os nasale
Os sphenoidale

Os ethmoidale, 
Lamina perpendicularis

Maxilla, Proc. frontalis 

Os lacrimale

Ala vomeris 

Septum nasi osseum

Proc. pterygoideus, Lamina medialis

Proc. pterygoideus, Lamina lateralis

Hamulus pterygoideus

Vomer Spina nasalis posterior

Canalis incisivus
Proc. palatinus

cuneiformis 
vomeris

palatinum, 
Lamina horizontalis

Fig. 8 .27  Bony sep tu m  of th e  nose. S e p tu m  nasi osseum ; lateral 
v ie w ; co lo u r chart see ins ide  o f th e  back co ver o f th is  vo lum e .
The  Lam ina perpend icu la ris  o f th e  e th m o id a l bone  (Os e th m o ida le ) and 
th e  V o m er c rea te  th e  b ony  se p tu m  o f th e  nose. The  O s e th m o id a le  is 
loca ted  b e tw e e n  th e  O s fro n ta le  and M axilla  and is a lso co n n e c te d  w ith  
th e  O ssa nasalia, lacrim alia , spheno ida le , and palatina. A t  its  to p , th e  
e th m o id a l bone fo rm s  th e  C rista  galli. P e rfo ra ted  w ith  m u ltip le  holes, 
th e  Lam ina crib rosa  is th e  ro o f o f th e  nasal ca v ity  and part o f th e  flo o r 
o f th e  an te rio r cranial fossa . The Lam ina perpend icu la ris  o f th e  Os e th 

m o ida le  is loca ted  b e lo w  th e  C rista  galli, d iv ides  th e  b ony  labyrin th  o f 
th e  e th m o id a l bone in to  a righ t and le f t part, and c o n s titu te s  th e  upper 
p a rt o f th e  b ony  nasal se p tu m .
The V o m e r fo rm s  th e  la rg e s t p a rt o f th e  b ony  nasal septa l ske le ton . 
Th is  f la t and trapezo id  bone co nn e c ts  c ran ia lly  w ith  th e  Lam ina pe rpen 
d icu la ris  o f th e  O s e th m o id a le  and a t its  p o s te rio r a spe c t via th e  Ala 
v o m e ris  w ith  th e  Os spheno ida le . Caudally, its  Pars cu n e ifo rm is  v o m e 
ris bo rde rs  a t th e  Proc. pa la tinus  o f th e  M axilla  and at th e  Lam ina hori
zon ta lis  o f th e  O s pa la tinum .

i- Clinical Rem arks--------------------------------------
T ra u m atic  e ven ts  (punched nose o r fa lls  o n to  th e  nose) o r abnorm a l 
g ro w th  o f th e  M axilla  can cause  a sep tu m  d e v ia tio n . M o re  than 
60%  o f th e  popu la tion  has a t leas t a m ild  s e p tu m  d ev ia tion . Sep
tu m  dev ia tions  m a in ly  im pa ir b rea th ing  th ro u g h  th e  nose. Th is  can 
a ffe c t th e  a b ility  o f th e  nose  to  w a rm  up, c lean, and m o is tu rise  th e  
air passing  th ro u g h  th e  nose. In tu rn , p a tie n ts  w ith  im pa ired  nasal

b rea th ing  are fo rc e d  to  b rea the  th ro u g h  th e ir  m o u th , w h ic h  resu lts  
in snoring  and an increased  s u s c e p tib ility  fo r  in fec tio n s . In s u ffic ie n t 
ve n tila tio n  o f th e  paranasal s inuses m ay cause s inu s itis  w ith  postna
sal d rip  and po te n tia l in fla m m a tio n  o f th e  Larynx and th e  bronch ia l 
tre e . A t  an advanced age, th is  can lead to  hypoxia  and su bse q u en tly  
re su lts  in ca rd iovascu la r d iseases.
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Nasal cavity

Spina nasalis anterior 

Canalis incisivus 

Proc. palatinus

Hiatus maxillaris 

Clivus

Os occipitale 

Os palatinum, Lamina perpendicularis 

Os sphenoidale, Proc. pterygoideus, Lamina medialis

Concha nasalis media

Concha nasalis inferior

Os

Hamulus pterygoideus 

palatinum, Lamina horizontalis

Lamina et Foramina cribrosa

Concha nasalis superior

Sinus sphenoidalis 

Foramen sphenopalatinum 

Os sphenoidale, Corpus

Fig. 8 .28  Latera l w a ll o f th e  nasal cav ity , C av itas  nasi; r ig h t side;
v ie w  fro m  th e  le f t s ide ; co lo u r chart see ins ide  o f th e  back co ver o f 
th is  vo lum e .
The v ie w  o n to  th e  lateral w a ll o f th e  nasal ca v ity  revea ls  th e  ro o f cre 
ated  by  th e  Lam ina crib rosa  o f th e  e th m o id a l bone  (Os e thm o ida le )

w h ic h  a lso  fo rm s  th e  upper (Concha nasalis superio r) and m idd le  nasal 
conchae  (Concha nasalis m edia). The  upp e r nasal passage (M e a tus  na
sa lis superio r) is loca ted  b e tw e e n  th e  tw o  nasal conchae . B e lo w  s its  
th e  in fe rio r nasal concha (Concha nasalis in fe rio r) as a sepa ra te  bone.

Apertura sinus sphenoidalis 

Hiatus maxillaris

Sinus sphenoidalis 

Foramen sphenopalatinum 

Os palatinum, Crista ethmoidalis

Concha nasalis inferior,
Proc. ethmoidalis

Os palatinum, Lamina perpendicularis 

Spina nasalis posterior 

Os palatinum, Lamina horizontalis

Sinus frontalis 

Apertura sinus frontalis 

Concha nasalis superior 

Proc. uncinatus 

Os lacrimale 

Hiatus semilunaris 

Meatus nasi medius

Meatus nasi
Spina nasalis anterior

Canalis incisivus

Fig. 8 .29  Latera l w a ll o f th e  nasal cav ity , C av itas  nasi; r ig h t side;
m edia l v ie w  a fte r th e  m idd le  nasal concha w a s  re m ove d ; co lo u r chart 
see ins ide  o f th e  back co ve r o f th is  vo lu m e .
Beneath  th e  m idd le  nasal concha, a th in  bony lam ella , th e  Proc. unci
na tu s , is part o f th e  e th m o id a l bone . It p rov ides o n ly  an inco m p le te  
c losu re  o f th e  m ed ia l w a ll o f th e  m ax illa ry  s inus . M a ny  o pe n ing s  rem ain  
above and b e lo w  th e  Proc. unc ina tus  and one  o f th e m  is th e  H iatus 
m axillaris.

The  M a x illa  and th e  Os p a la tin u m  crea te  th e  flo o r  and parts  o f th e  
latera l w a ll (floor: Lam ina horizon ta lis ; latera l w a ll: Lam ina p erpend icu la 
ris). The  Os la c rim ale  is a lso part o f th e  latera l w a ll and co n tr ib u te s  to  
th e  a n te rio r m arg in  o f th e  m ax illa ry  s inus . The  Concha nasalis in fe rio r is 
anchored  to  all o f th e s e  th re e  bones and d iv ides  th e  nasal w a ll in a 
m idd le  (M e a tus  nasalis m ed ius) and an in fe rio r nasal passage (M e a tus  
nasalis in fe rio r) w h ic h  are loca ted  above  and b e lo w  th is  nasal concha, 
respective ly .



Head O verview  -» Skeleton and jo in ts  Muscles Topography

Hard palate

v

Fig. 8 .30  H ard p a la te . P a la tu m  d u ru m ; M a x illa ry  s inus. S inus  
m axilla ris , and in ferio r nasal concha. C oncha nasalis  in ferio r;
su pe rio r v ie w ; co lo u r chart see ins ide  o f th e  back co ver o f th is  
vo lu m e .

The hard pa la te  re p re se n ts  a horizon ta l bony p la te  c rea ted  by  th e  M ax il
la and th e  O s pa la tinum . It separa tes  th e  oral fro n t fro m  th e  nasal cavity. 
The Foram en inc is ivum  is a c o nn e c tio n  b e tw e e n  b o th  cav ities . The 
p re s e n t im age s h o w s  th e  flo o r o f th e  nasal cavity. Loca ted  la te ra lly  are 
th e  S inus m axillares.

Sinus maxillaris

Proc. pterygoideus
Lamina medialis 

Lamina

Spina nasalis posterior
Sutura palatina transversa

Concha nasalis inferior

Canalis nasolacrimalis

Apertura piriformis 

Crista nasalis

Foramen incisivum Spina nasalis anterior

Proc. pterygoideus
Lamina medialis 

Lamina lateralis

Os palatinum, Proc. pyramidalis

Sutura palatina transversa

Spina nasalis posterior

Os palatinum, Lamina horizontalis

Foramina palatina minora

Foramen palatinum majus

Sulci palatini

(Sutura incisiva)

(Os incisivum)

Fossa incisiva, Foramen incisivum

Maxilla, Proc. zygomaticus 

Spinae palatinae

Maxilla, Proc. palatinus

Sutura palatina mediana

Fig. 8.31 H ard p a la te , P a la tu m  d u ru m ; in fe rio r v ie w ; co lo u r chart 
see ins ide  o f th e  back co ver o f th is  vo lum e .
The  hard pa la te  is part o f th e  a n te rio r crania l fossa. The te e th  are at
tach e d  to  th e  tw o  m ax illa ry  a lveo lar a rches. These  arches are th e  an te 
rio r and latera l m a rg ins  o f th e  hard pala te. Its  rostra l part co ns is ts  o f th e  
Procc. pa la tin i o f th e  tw o  M ax illae  and th e  Lam inae horizon ta les  o f th e  
O ssa palatina in its  p o s te rio r aspect. In th e  m id line , th e  Procc. p a la tin i 
are co nn e c te d  by  th e  Sutura palatina m ediana and dorsa lly  th e y  con 
n e c t via th e  Sutura palatina transve rsa  w ith  th e  Ossa palatina. The 
Lam inae  h o rizo n ta le s  o f th e  O ssa palatina are co nn e c te d  in th e  m id 

line  by th e  Sutura  in te rpa la tina  (a co n tin u a tion  o f th e  Sutura palatina 
m ediana).
Loca ted  beh ind  th e  inc isu res  in th e  fro n ta l p a rt o f th e  m id line  is th e  
Fossa incisiva w h ic h  b eco m e s th e  Foram en inc is ivum  and th e  Canales 
inc is iv i. N ear th e  p o s te rio r m arg in  to  bo th  s ides o f th e  hard palate are 
th e  Fo ram ina  p a la tin a  m a jo ra , w h ic h  beco m e  Canales pa la tin i m ajo- 
res, and th e  Fo ram ina  p a la tin a  m in o ra . The la tte r are loca ted  in the  
Proc. pyram ida lis  o f  th e  Os p a la tinum  and open in to  th e  C anales pa la ti
ni m ino re s . In th e  p o s te rio r a spe c t o f th e  m id line , th e  S p ina  nasalis  
p o ste rio r p ro trud e s  as a po in te d  p rocess  o f th e  hard palate.
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Orbit and pterygopalatine fossa

Os

Fig. 8 .32  Floor o f th e  o rb ita l cav ity . Paries in ferio r o rb itae , left 
side; supe rio r v ie w ; co lo u r ch a rt see  ins ide  o f th e  back co ve r o f th is  
vo lum e .
The flo o r  o f th e  o rb it is th e  ro o f o f th e  m axillary  s inus . In it lies th e  Sul
cu s  in frao rb ita lis , w h ic h  b eco m e s a b ony  canal b e lo w  th e  flo o r  o f the  
o rb it and ends in th e  Foram en in frao rb ita le . It co n ta in s  th e  N. in fraorb i-

Fig. 8 .33  P te ry g o p a la tin e  fossa. Fossa p te ry g o p a la tin a , le ft side;
la tera l v ie w ; co lo u r chart see ins ide  o f th e  back co ver o f th is  vo lum e . 
The  Fossa p te rygopa la tina  is th e  m ed ia l co n tin u a tion  o f th e  Fossa in- 
fra te m p o ra lis . Its  b ony  m arg ins  are  th e  M axilla , th e  O s pa la tinum , and 
th e  Os spheno ida le . Th is  fossa  is an im p o rta n t rela is  s ta tion  
c o nn e c tin g  th e  m idd le  cranial fossa , th e  o rb it, and th e  nasal cavity. It

ta lis  and th e  co rresp o n d in g  b lood ve sse ls . The Os zyg om a ticu m  fo rm s  
th e  latera l p a rt o f th e  flo o r o f th e  o rb it and th e  m ed ia l p a rt is com posed  
o f th e  Lam ina o rb ita lis  o f  th e  Os e th m o id a le  and th e  O s lacrim a le . To
g e th e r w ith  th e  M axilla , th e  la tte r c re a te s  th e  Fossa sacci lacrim alis 
con ta in ing  th e  G landula lacrim a lis . For th e  o rb ita l ca v ity  -» Figs. 9 .9  to  
9 .13.

se rves as a c o n d u it fo r  m any nerves and b lood  ve sse ls  loca ted  in these  
s tru c tu re s  (-» pp. 78  and 79).
The la te ra l access ro u te  to  th e  p te ry g o p a la tin e  fossa is a co m m o n  
su rg ica l s tra te g y  fo r  th e  resec tion  o f tu m o u rs  in th is  reg ion , such  as 
nasopharyngeal fib rom a .

Os palatinum, Proc. orbitalis

Fissura orbitalis inferior

Os sphenoidale, Ala major

Sulcus infraorbitalis

ethmoidale, Lamina orbitalis 

Os lacrimale 

Fossa sacci lacrimalis

Sutura zygomaticomaxillaris

Os zygomaticum

Cellulae ethmoidales

Arcus zygomaticus

Foramina alveolaria

Fossa infratemporalis

Foramen ovale

Foramen spinosum

Ala major, Spina ossis sphenoidalis

Foramen zygomaticofaciale

Os palatinum, Lamina perpendicularis, 
Fossa pterygopalatina

pterygoideus

Os palatinum, Proc. pyramidalis

Os sphenoidale, Proc. pterygoideus, 
Hamulus pterygoideus
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Orbit

Fig. 8 .34  O rb it, O rb ita , le ft side; fro n ta l v ie w ; p robe  in th e  th e
C analis in frao rb ita lis ; co lo u r ch a rt see  ins ide  o f th e  back co ve r o f th is  
vo lu m e .
The  Ossa e th m o id a le , lacrim a le , pa la tinum , spheno ida le , zyg om a ticu m , 
and th e  M axilla  c rea te  th e  m arg ins o f th e  o rb ita l cavity. Passages to  and 
fro m  th e  o rb it are th e  F issurae o rb ita les  su pe rio r and in fe rio r, th e  Cana
lis o p ticu s , and th e  Foram ina e thm o ida lia  an te rius  and p os te rius . Lo

ca ted  in th e  p o s te rio r p a rt o f th e  o rb ita l flo o r, th e  Su lcus in frao rb ita lis  
b eco m e s th e  Canalis in frao rb ita lis  w h ic h  p ro je c ts  to w a rd s  th e  fro n t o f 
th e  o rb it and ends as Foram en in frao rb ita le  loca ted  b e lo w  th e  in fe rio r 
m arg in  o f th e  o rb it. P os itioned  latera lly, th e  O s zyg om a ticu m  regu larly  
con ta ins  a Foram en zyg om a tico fac ia le . For th e  o rb ita l ca v ity  - *  Figs. 9 .9 
to  9 .13.

Incisura frontalis

Foramina ethmoidalia 
anterius et posterius

Os ethmoidale, Lamina orbitalis 

Sutura frontomaxillaris 

Os nasale 

Crista lacrimalis anterior 

Crista lacrimalis posterior 

Os palatinum, Proc. orbitalis

Canalis opticus

Fissura orbitalis superior

(Sutura zygomaticofrontalis)

Ala major, 
Facies orbitalis

Os sphenoidale

Os zygomaticum, Facies orbitalis 

Foramen zygomaticofaciale 

Fissura orbitalis inferior

infraorbitalis

Foramen infraorbitale; Canalis infraorbitalis Sutura zygomaticomaxillaris

Os palatinum

Sinus maxillaris 

Vomer

Maxilla, Proc. alveolaris 

Dens molaris
Maxilla, Proc. palatinus

Canalis infraorbitalis

Sutura zygomaticomaxillaris 
Concha nasalis media

Concha nasalis inferior 
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Ala minor

Os sphenoidale

Ala major, ------
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Crista galli

Cellulae
ethmoidales

Lamina cribrosa

Os ethmoidale, Lamina perpendicularis

Os frontale, Pars orbitalis

Fissura orbitalis superior

Os ethmoidale, Lamina orbitalis

Os temporale, Pars squamosa

Fissura orbitalis inferior

Os zygomaticum

Fig. 8 .35  V iscero cran iu m , V iscero cran iu m ; fro n ta l section a t the  
level o f th e  tw o  O rb itae ; fro n ta l v ie w ; co lo u r ch a rt see  inside  o f th e  
back co ver o f th is  vo lum e .
The  unpa ired  e th m o id a l bone  (Os e th m o ida le ) co n ta in s  th e  an te rio r and 
p o s te rio r e th m o id a l ce lls  (C ellu lae  e th m o id a les ). The Lam ina pe rpen 
d icu la ris  o f th e  Os e th m o id a le  lies im m e d ia te ly  benea th  th e  C rista  galli, 
separa tes  th e  b ony  labyrin th  o f th e  e th m o id a l bone in to  a righ t and a 
le f t half, and p artic ipa tes  in th e  upper part o f th e  b ony  nasal se p tu m . A t

its  p os te rio r a spe c t it is fo llo w e d  by  th e  V om er. The  lateral w a lls  o f th e  
C ellu lae  e th m o id a le s  c o n s is t o f a th in  Lam ina  o rb ita lis , kn ow n  as La
m in a  papyracea , c o n s titu tin g  th e  m a jo r part o f th e  m ed ia l w a ll o f the  
o rb it. The  S inus m axilla ris  is loca ted  d ire c tly  b e lo w  th e  o rb it. The  Cana
lis in frao rb ita lis  is loca ted  in its  roo f, w h ic h  a lso  c o n s titu te s  th e  flo o r  o f 
th e  o rb it. The  Lam ina cribrosa p os itio n s  c lea rly  b e lo w  th e  ro o f o f th e  
o rb it. For th e  o rb ita l ca v ity  -» Figs. 9 .9  to  9 .13.

i- Clinical Rem arks--------------------------------------
The paper-th in  Lam ina o rb ita lis  (papyracea) o f th e  O s e th m o id a le  
b e tw e e n  th e  o rb it and th e  e th m o id a l s inuses re p re se n ts  no barrie r 
to  th e  sp read ing  o f an in f la m m a tio n  fro m  th e  e th m o id a l cells in to  
th e  o rb it w h ic h  can esca la te  in to  an o rb ita l p h le g m on . F igure 8.35

d e m o n s tra te s  th e  c lose  p ro x im ity  b e tw e e n  a roo ts  o f a m o la r to o th  
and th e  S inus m axillaris. In fla m m atio n s  o f th e  second  p rem o la rs  
and /o r th e  f ir s t  m o la rs  can lead to  an o do n to g e n ic  in fla m m a tio n  o f 
th e  S inus m axilla ris  (m axillary  s inus itis ).
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Fig. 8 .36  T h e  la te ra l w a ll o f th e  o rb it, Paries la te ra lis  o rb itae , 
r ig h t side; m edia l v ie w ; co lo u r chart see ins ide  o f th e  back co ver o f 
th is  vo lu m e .
The Ossa zyg om a ticu m , fro n ta le , spheno ida le , and th e  M axilla  fo rm  th e  
latera l w a ll o f th e  o rb it. The Canalis in frao rb ita lis  is d e p ic te d  c lea rly  in

ra ting  th e  o rb it fro m  th e  S inus m axillaris. The Fossa p te rygopa la tina  is 
loca ted  p os te rio rly  to  th e  S inus m axilla ris  and co nn e c ts  la te ra lly  to  th e  
Fossa in fra te m p o ra lis , cran ia lly  to  th e  o rb it, and in its  in fe rio r a spect 
co nn e c ts  to  th e  oral cav ity  via th e  Canalis pa la tinus  m ajor. F rom  a pos
te r io r  cranial pos ition , th e  C analis p te ryg o id eu s  e x its  in to  th e  Fossa p te -

th e  a n te rio r th ird  o f th e  o rb ita l floo r, as is th e  ve ry  th in  bony laye r sepa- rygopalatina.

Fig. 8 .37  T h e  m ed ia l w a ll o f th e  o rb it. Paries m ed ia lis  o rb itae , 
le ft side; lateral v ie w ; co lo u r chart see ins ide  o f th e  back co ver o f th is  
vo lum e .
The O s lacrim a le , th e  M axilla , and th e  Os fro n ta le  fo rm  th e  a n te rio r part 
o f th e  m ed ia l w a ll o f th e  o rb it, w h e re a s  in th e  p o s te rio r part th e  Lam ina 
o rb ita lis  o f th e  Os e th m o id a le  (Lam ina papyracea), th e  Proc. o rb ita lis  o f 
th e  O s pa la tinum , and th e  Os sp heno ida le  are p laced b e tw e e n  th e  Os

fro n ta le  and th e  M axilla . B o th , th e  C rista lacrim a lis  a n te rio r o f th e  M a
xilla  and th e  C rista lacrim a lis  p o s te rio r o f th e  O s lacrim a le  p rov ide  the  
m arg ins  fo r  a dep re ss ion  (Fossa sacci lacrim alis) o f th e  lacrim a l sac. 
Loca ted  in th e  m ed ia l w a ll o f th e  o rb it are th e  Foram ina e thm o ida lia  
an te riu s  and p os te riu s  and th e  Canalis o p ticu s . The  Foram en sphenopa- 
la tinum  is loca ted  a t th e  to p  o f th e  Fossa p te rygopa la tina .
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Foramen ethmoidale anterius

Os ethmoidale, Lamina orbitalis

Foramen ethmoidale posterius 

Canalis opticus
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Sulcus infraorbitalis
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Sphenoidal bone

Margo zygomaticus

Foramen rotundum

Facies

Canalis pterygoideus 

Proc. pterygoideus, Lamina

Ala major

medialis

Ala major, 
Facies orbitalis

Ala major,
Facies temporalis

Fissura orbitalis superior

Crista infratemporalis 

Concha sphenoidalis 

Spina ossis sphenoidalis

Proc. pterygoideus,
Lamina lateralis

Incisura pterygoidea 

Hamulus pterygoideus

Fig. 8 .38  S p h en o id a l bone . Os spheno ida le ; fro n ta l v iew .
The  unpa ired  O s spheno ida le  co nn e c ts  th e  v isce ro c ra n iu m  w ith  th e  
neu rocran ium . T w o  pairs o f w in g -sha p e d  bones (Alae) ex te n d  fro m  th e  
b ody  (Corpus) o f th e  spheno ida l bone . The A la e  m in o res  s it on th e  top ,

th e  A lae  m ajo res  a t th e  b o tto m , and b e lo w  th e  Procc. p te ryg o id e i
p ro je c t. The  ce n tre  o f th e  spheno ida l bone con ta ins  th e  S inus sphe- 
no ida les . The C rista  spheno ida lis  su bd iv ide s  th e  a n te rio r p a rt o f the  
C orpus in to  tw o  halves.

Margo parietalis

Ala major,
Facies cerebralis

Sulcus arteriosus

Sulcus caroticus Dorsum sellae

Foramen rotundum Proc. clinoideus posterior

Margo squamosus Lingula sphenoidalis 

Sulcus tubae auditivae

Canalis pterygoideus

Corpus

Spina ossis sphenoidalis

Fossa scaphoidea

Proc. vaginalis

Rostrum sphenoidale

Proc. pterygoideus, 
Lamina medialis

Proc. pterygoideus, Lamina lateralis

rossa pterygoidea 

Incisura pterygoidea 
Hamulus pterygoideus

Fig. 8 .39  S p h en o id a l bone , Os spheno ida le ; p o s te rio r v iew .
Ala m in o r and Ala m a jo r o f th e  Os spheno ida le  partic ipa te  in th e  fo rm a 
tion  o f th e  Fissura o rb ita lis  superior. On both  s ides , th e  Proc. p te ry 
go ideus  d iv id e s  in to  a sm a lle r Lam ina m edia lis  and a larger Lam ina late-

ralis, w h ich  crea te  th e  Incisura (Fissura) p te ryg o id ea  and enc lo se  the  
Fossa p te rygo idea . The  H am u lu s  p te ryg o id eu s  is th e  caudal e x te n 
s ion o f  th e  Lam ina m edia lis . A t  its  base, th e  Canalis p te ryg o id eu s  per
fo ra te s  th e  O s spheno ida le  and e n te rs  in to  th e  Fossa p te rygopa la tina .
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Sphenoidal bone and occipital bone

Fig. 8 .40  S ph en o id a l bone . Os spheno ida le , and occ ip ita l bone . 
Os occ ip ita le ; su pe rio r v ie w ; co lo u r ch a rt see ins ide  o f th e  back co ver 
o f th is  vo lum e .
The  ce n tre  o f th e  Os sp h en o id a le  is co m po se d  o f th e  Sella  turc ica  
w ith  th e  Fossa hypophys ia lis . The  Tub e rcu lu m  se llae  c re a te s  th e  an te 
rio r rim  o f th e  Fossa hypophys ia lis  and e x te n d s  la te ra lly  in to  th e  Proc. 
c lin o id e u s  m ed ius . The Su lcus p rech ia sm a ticu s  and th e  Ju gu m  sphe 
noida le  are loca ted  in fro n t o f th e  Tub e rcu lu m  se llae . The  C livus fo rm s  
th e  p o s te rio r p a rt o f th e  sadd le-shaped Sella tu rc ica  and th e  Proc. c lino 
ideus p o s te rio r re p re se n ts  th e  latera l e leva ted  end  o f its  upp e r rim . In 
th e  reg ion  o f  th e  Sella tu rc ica  and a t its  a n te rio r rim , th e  Canalis o p ticu s  
p e rfo ra tes  th e  Ala m ino r. The  Foram ina ro tu n du m , ovale, and sp inosum

p ie rce  th e  Ala m a jo r b ila te ra lly  in an an te rio r cranial to  p o s te rio r caudal 
d irec tion .
The unpa ired  O s occ ip ita le  is co m po se d  o f th e  Squam a o cc ip ita lis , tw o  
Partes la tera les, and one  Pars basilaris. These  fo u r  parts  d e lim it the  
Fo ram en  m ag n u m . A t th e  inn e r su rfa ce  o f th e  Squam a occ ip ita lis , th e  
Su lcus s inus  sag itta lis  s u p e r io rs  and th e  Sulci o f th e  S inus transve rs i 
m e e t a t th e  P ro tuberan tia  o cc ip ita lis  in terna . Further, th e  Su lcus s inus 
s ig m o id e i and th e  Su lcus s inus  o cc ip ita lis  are v is ib le  a t th e  inne r su r
face . A b o ve  and b e lo w  th e  P ro tuberan tia  o cc ip ita lis , th e  inne r su rface  
o f th e  Squam a o cc ip ita lis  fo rm s  th e  Fossa ce rebra lis  and th e  Fossa 
ce rebe lla ris , respective ly . T o g e th e r w ith  th e  C orpus o f th e  Os sp he n o i
dale, th e  Pars basilaris o f th e  Os o cc ip ita le  gen e ra te s  th e  C livus.
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Temporal bone

Margo parietalis

Sulcus arteriae temporalis mediae

Crista supramastoidea

Incisura 

Foveola suprameatica

(Spina suprameatica)

Pars petrosa

Foramen mastoideum

Margo occipitalis 

Pars tympanica 

Incisura mastoidea

Fissura tympanomastoidea

Proc. mastoideus

Pars squamosa, Facies temporalis

Margo sphenoidalis

Proc. zygomaticus

Tuberculum articulare

Fossa mandibularis, Facies articularis 

Fissura petrotympanica
Proc. styloideus 

Meatus acusticus externus, Pars tympanica

Fig. 8.41 Tem pora l bo ne . Os te m p o ra le , r ig h t side; la tera l v iew . 
The  paired  O s te m p o ra le  is p a rt o f th e  v isce ro c ra n iu m  and neurocran i
um . It pa rtic ip a te s  in th e  fo rm a tio n  o f th e  lateral s ide  and th e  base of 
th e  c ran ium . The  Pars squam osa, th e  Pars tym pan ica , and th e  Pars 
petrosa (pe trous bone) can be d is tin g u ish e d .
Th rough  its  M a rgo  parie ta lis , th e  squam a-shaped  Pars squam osa con
nects  w ith  th e  O s parie ta le . The Proc. zyg om a ticu s  p ro trud e s  an te rio r 
and supe rio r o f th e  M e a tu s  and e x te n d s  in an an te rio r d irec tion .
The Pars p etrosa  borde rs  a t th e  Ossa parie ta le  and o cc ip ita le . The cen 
tra l o u te r ope n ing  is th e  M e a tu s  a cus ticu s  e x te rn us . Loca ted  a t its  pos

te r io r  caudal a spe c t is th e  Proc. m a s to id e u s . M id d le  and inne r ear are 
loca ted  w ith in  th e  Pars pe trosa  (no t v is ib le ). A cce ss  ro u te s  are th e  in
te rna l a cou s tic  m e a tu s  (M e a tus  acus ticu s  in te rnus, - *  p. 17), th e  Fora
m en s ty lo m a s to id e u m  (-► p. 16) and th e  Canalis m u scu lo tu b ariu s  
(-» Figs. 10.30 and 10.37).
The Pars ty m p an ic a  fo rm s  th e  bony w a ll o f  th e  ex te rna l a cou s tic  m e 
a tus. A s  a ring-shaped s tru c tu re , it is assoc ia ted  w ith  th e  P artes squa
m osa  and petrosa. The Pars tym p a n ica  d e lim its  th e  M e a tu s  acusticus  
e x te rn us  a t its  fro n ta l, caudal, and p o s te rio r s ide  and e x te n d s  to  th e  
ty m p a n ic  m e m bra n e  (-► Figs. 10.15 and 10.25).

Fissura petrosquamosa

Pars petrosa
Pars tympanica

Pars squamosa

Fig. 8 .42  Tem pora l bo ne , Os te m p o ra le , o f a n e w b o rn , r ig h t side; The im age  d isp lays  d if fe re n t pa rts  o f th e  te m p o ra l bone: Pars squam o-
latera l v ie w ; sch e m a tic  d raw ing ; co lo u r ch a rt see  ins ide  o f th e  back sa, Pars pe trosa, and Pars tym pan ica .
co ver o f  th is  vo lum e .
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Temporal bone

Margo parietalis

Pars squamosa, Facies cerebralis 

Eminentia arcuata

Incisura parietalis

Sulcus arteriosus
Margo superior partis petrosae

Margo sphenoidalis 

Facies anterior partis petrosae

Fossa subarcuata

Apex partis petrosae

Porus acusticus internus

Foramen mastoideum 

Margo occipitalis 

Sulcus sinus sigmoidei 

Facies posterior partis petrosae

Apertura canaliculi vestibuli 

Proc. intrajugularis 

Proc. styloideus

Fig. 8 .43  Tem pora l bo ne . Os te m p o ra le , r ig h t side; inne r aspect. 
The  Pars pe trosa  is shaped  like a pyram id  w ith  its  t ip  (A pex partis  pe
trosae) d ire c te d  an te rio r m ed ia l and its  base p o in tin g  to w a rd s  th e  Proc. 
m as to ideus . The Facies an te rio r is p a rt o f th e  m idd le  cranial fossa  and 
con ta ins  th e  p ro trud in g  E m inen tia  arcuata; co n ta ined  w ith in  th e  Facies 
p o s te rio r is th e  Porus acusticus in tern u s  w h ic h  c o n s titu te s  th e  en

trance  to  th e  M e a tu s  acus ticu s  in te rnus. The p o s te rio r su rface  o f the  
Pars pe trosa  s h o w s  th e  in d e n ta tion  by th e  Su lcus s inus s igm o ide i. The 
Fo ram en  m as to id e u m  is loca ted  here as w e ll. O n th e  inne r su rface  
(Facies cerebra lis) o f th e  Pars squam osa  th e  Su lcus a rte rios i o f th e  A. 
m en ingea  m edia  are v is ib le .

carotici

Fig. 8 .44  T em p o ra l bone . Os te m p o ra le , r ig h t side; in fe r io r v iew . 
The Facies in fe rio r o f th e  Os te m p o ra le  d ep resses  to  beco m e  th e  Fos
sa ju g u laris  and, to g e th e r w ith  th e  O s o cc ip ita le , d e linea tes  th e  Fora
m en jugu lare . The  n o tch  a t th e  b o rde r b e tw e e n  th e  Pars squam osa  and 
Pars pe trosa  ind ica tes  th e  s ta rtin g  p o in t o f th e  Canalis m uscu lo tu b a ri-

us. In add ition , th e  A pe rtu ra  ex te rna  canalis ca ro tic i and th e  Proc. s ty lo 
ideus are v is ib le . The  Fo ram en  s ty lo m a sto id e u m  opens to  th e  lateral 
p os te rio r s ide . J u s t in fro n t o f th e  ex te rna l a coustic  m ea tus , th e  Pars 
squam osa  co n ta in s  th e  Fossa m an d ib u la ris  w h ic h , a t its  rostra l as
pect, is dem a rca te d  by th e  T ube rcu lum  articu la re .
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Lower jaw

Ramus mandibulae

Linea

Foramen mentale

Basis mandibulae

Tuberculum mentale

Ramus mandibulae

Pars alveolaris

Angulus mandibulae 

mandibulae 

Protuberantia mentalis

Proc. coronoideus
Proc. condylaris

Fig. 8 .45  Lo w er ja w , M a n d ib u la ; fro n ta l v iew .
The  unpa ired  M and ibu la  co ns is ts  o f a body o f th e  m a nd ib le  (Corpus 
m and ibulae) and tw o  ram i (Ram i m and ibu lae). Each ram us  d iv ides  in to  
a Proc. co rono ideus  and a Proc. condylaris . The b ody  o f th e  m and ib le  
is co m po se d  o f th e  base and th e  Pars a lveo laris  separa ted  by  th e  Linea

obliqua w h ic h  descends fro m  th e  Proc. co ron o ide u s  in an o b lique  a n te 
rio r tra jec to ry . The  fro n ta l part o f th e  Pars a lveo laris  c o n s is ts  o f th e  ch in  
(M e n tu m ) w ith  th e  P ro tuberan tia  m en ta lis , th e  b ila tera l m e n ta l tu b e rc 
les (Tubercu la  m enta lia ) and th e  Foram ina m enta lia .

Proc. coronoideus Caput mandibulae 

Fovea pterygoidea

Incisura mandibulae

Arcus alveolaris 

Pars alveolaris

Foramen mentale 

Protuberantia mentalis

Ramus mandibulae

Linea obliqua

(Tuberositas masseterica)

Corpus mandibulae 

Angulus mandibulae

Trigonum retromolare; 
Fossa retromolaris Proc. condylaris

Fig. 8 .4 6  L o w e r ja w , M a n d ib u la ; lateral v iew . C orpus m and ibu lae  The C ap ut m an d ib u la re  s its  on  to p  o f th e  Proc. condylaris . 
and R am us m and ibu lae  m e rge  a t th e  A ngu lus.

Proc. condylaris

Lingula mandibulae Ramus mandibulae

Corpus mandibulae

Fovea sublingualis 

Spina mentalis

Fossa digastrica

Proc.
Incisura mandibulae

mandibulae

Linea mylohyoidea
(Torus mandibularis)

Foramen mandibulae 

Sulcus mylohyoideus 

(Tuberositas pterygoidea) 

Angulus mandibulae

Fovea submandibularis

Fig. 8 .47  L o w e r ja w , M a n d ib u la ; inner a spe c t o f th e  m and ibu la r d ibu lae. In fro n t th e re o f, th e  Linea m y lo h y o id e a  c re a te s  a s te p w is e
arch. cres t, w h ic h  se rves as an a tta c h m e n t fo r  th e  M . m y loh yo id e u s  and
The Fo ram en  m an d ib u la e  is loca ted  at th e  ins ide  o f th e  R am us m an- d em arca tes  th e  leve l o f th e  flo o r  o f th e  m ou th .
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Lower jaw

Proc. condylaris 

Caput mandibulae

Collum mandibulae

Foramen mandibulae

(Tuberositas pterygoidea)

Angulus mandibulae

Fovea submandibularis
Linea mylohyoidea

Fovea

(Symphysis mandibulae) 

Spina mentalis

— (Foramen linguale) 

Fossa digastrica

Fig. 8 .48  L o w e r ja w , M a n d ib u la ; in fe rio r v iew .
The Spina m e n ta lis  is loca ted  a t th e  ins ide  o f th e  M and ibu la  c lose  to  the  
m id line . B ony dep re ss ion s  re p re se n t th e  Fossa d igastrica  b e lo w  and

latera l to  th e  Spina m e nta lis  and th e  Fovea sub lingua lis  and Fovea sub 
m and ibu la ris  above th e  Spina m enta lis . O n th e  ins ide  o f th e  A ngu lus  
m and ibu lae  th e  Tu bero sitas  p te ryg o id ea  is found .

Foramen mentale
Proc. coronoideus

Corpus mandibulae

Proc. condylaris

Ramus mandibulae
Corpus mandibulae

Dens
deciduus

(Symphysis
mandibulae)

Foramen
mentale

Proc.
condylaris

Ramus mandibulae

Angulus mandibulae

Fig. 8 .49  L o w e r ja w , M a n d ib u la , o f an old  person.
Loss o f te e th  -  pa rticu la rly  a t an advanced age -  re su lts  in a regression  
of th e  Pars a lveo la ris  o f th e  M and ibu la . Th is  can p rog ress  un til the  
Foram en m en ta le  b eco m e s loca ted  a t th e  upper rim  o f th e  to o th le s s  
lo w e r jaw . The  A ngu lus  m an d ib u la e  has a m uch  w id e r  ang le  than in a 
m and ib le  w ith  d en tit io n .

Fig. 8 .50  L o w e r ja w , M a n d ib u la , o f a n e w b o rn .
In a n ew b o rn , th e  S ym p h ys is  m an d ib u la e  co nn e c ts  th e  tw o  m and ibu 
lar se g m e n ts . The ang le  b e tw e e n  th e  C orpus and R am us m and ibu lae  is 
s till ve ry  large.

i- Clinical Rem arks--------------------------------------
A p a rt fro m  nasal frac tu res , fra c tu re s  o f th e  M and ibu la  are c o m 
m on due  to  its  exposed  loca tion  in th e  head reg ion . The U -shaped 
s tru c tu re  exp la ins  th e  va rious  ty p e s  o f m and ibu la r fra c tu re s , in par
tic u la r a t th e  leve l o f th e  canines and th e  th ird  m o la r te e th . Extra- 
vasated  b lood fro m  th e  M and ibu la  co lle c ts  in th e  loose  tis s u e  o f 
th e  flo o r  o f th e  m o u th , re su lts  in sm a ll s p o tte d  b leed ing  under the

skin  (ekchym oses), and is a typ ica l s ign o f a m and ibu la r frac tu re . 
W ith o u t p rope r p ro s th e tic  re con s tru c tio n , a loss o f te e th  re su lts  in 
th e  regress ion  o f th e  Pars a lveo laris  m and ibu lae  in th e  area o f th e  
los t te e th . The  f it t in g  o f a den ta l p ros th es is  o n to  a la rge ly  regressed  
Pars a lveo laris  is e xcee d ing ly  d if f ic u lt  and o fte n  requ ires  bone re
co ns tru c tion .
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Temporomandibular joint

Capsula articularis

Porus acusticus externus

Articulatio temporomandibularis,
Lig. laterale

Proc. condylaris

Proc. styloideus 

Lig. stylomandibulare

Angulus mandibulae; (Tuberositas masseterica)

Os temporale, Proc. zygomaticus

Proc. pterygoideus, Lamina lateralis

Proc. coronoideus

Fig. 8.51 T e m p o ro m a n d ib u la r jo in t, A rticu la tio  te m p o ro m a n 
d ibu laris , r ig h t side; la tera l v iew .
A  w id e  cone-shaped  jo in t capsu le  (Capsula a rticu la ris ) s tre tch in g  fro m  
th e  te m p o ra l bone to  th e  Proc. condy la ris  su rrou n d s  th e  m and ibu la r 
jo in t. In its  fro n ta l and latera l parts, th e  Lig. latera le  re in fo rce s  th e  jo in t 
capsu le  and e x te n d s  fro m  th e  zyg om a tic  arch in an o b lique  p os te rio r 
caudal d ire c tio n  to  th e  C o llum  m and ibu lae . A t  th e  ins ide  o f th e  jo in t (no t 
show n), co nn e c tive  tis s u e  gen e ra te s  th e  variab le  Lig. m ed ia le . The

Ligg. la tera le  and m ed ia le  (if p resen t) a ss is t in gu id ing  th e  jo in t m o ve 
m e n ts  and fo re m o s t in h ib it p o s te rio r m o v e m e n ts  o f th e  m and ibu la r 
head. W h e n  b ite  fo rc e  is app lied , th e  Lig. latera le  a lso  s tab ilises  the  
C ondylus. The Lig. s ty lo m a n d ib u la re  p ro je c ts  fro m  th e  Proc. s ty lo id e 
us to  th e  p o s te rio r rim  o f th e  R am us m and ibu lae . It is usua lly  w ea k  and, 
to g e th e r w ith  th e  Lig. s p h e n o m a n d ib u la re , res is ts  fu r th e r  lo w e r ja w  
m o v e m e n ts  a t a pos itio n  c lose  to  m ax im a l open ing  o f th e  m outh  
( -  Fig. 8.52).

Os sphenoidale, Corpus 

Clivus

Spina ossis sphenoidalis 

Lig. pterygospinale

Canalis nervi hypoglossi

Proc. styloideus 

Lig. sphenomandibulare 

Lig. stylomandibulare

Ramus mandibulae 

Lingula mandibulae

Sinus sphenoidalis

Cavitas nasi, Choana

Proc. pterygoideus
Lamina lateralis 

Lamina medialis

Hamulus pterygoideus

Fossa hypophysialis

Dorsum sellae

Sulcus mylohyoideus

Angulus mandibulae;
(Tuberositas pterygoidea)

Linea mylohyoidea

Septum nasi osseum
Os ethmoidale,
Lamina perpendicularis

Fig. 8 .52  Lig. s ty lo m a n d ib u la re  and Lig. s p h e n o m a n d ib u la re , 
r ig h t side; m edia l v iew .
B oth  lig a m en ts  a ffe c t th e  k ine m a tics  o f th e  te m p o ro m a n d ib u la r jo in t 
b u t are n o t assoc ia ted  w ith  th e  jo in t capsule.
The s trong  Lig. sp h en o m an d ib u la re  has its  orig in  a t th e  Spina oss is  
spheno ida lis  and passes b e tw e e n  th e  M m . p te rygo ide i latera lis and m e
dia lis and inse rts  in a fan-shaped patte rn  a t th e  Lingula m and ibu lae. The

Lig. s ty lo m a n d ib u la re  orig ina tes fro m  th e  Proc. s ty lo id e u s  and p ro jec ts  
to  th e  A ngu lus  m and ibu lae. Toge ther, bo th  ligam en ts  inh ib it lo w e r ja w  
m o ve m e n ts  at a pos ition  c lose  to  th e  m axim al open ing o f th e  m o u th . 
The Lig. p te ryg o s p in a le  has no re la tionsh ip  to  th e  te m p o ro m a n d ib u la r 
jo in t n o r does it a ffe c t th e  jo in t k ine m a tics . It has its  o rig in  a t th e  Spina 
oss is  spheno ida lis  and inse rts  a t th e  Lam ina la tera lis o f th e  Proc. p te ry 
go ideus. Th is  lig a m en t has a stab ilis ing  fu n c tio n .
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Temporomandibular joint

Fig. 8 .53  T e m p o ro m a n d ib u la r jo in t, A rticu la tio  te m p o ro m a n d i-  
bu laris , le ft side; sag itta l se c tion ; lateral v ie w ; m o u th  a lm o s t c losed.
In th e  te m p o ro m a n d ib u la r jo in t, th e  C apu t m and ibu lae, Fossa m and ibu- 
laris, and Tub e rcu lu m  a rticu la re  o f th e  te m p o ra l bone a rticu la te  w ith  
each o th e r. B oth  jo in t c o m p o n e n ts  are separa ted  by  a d isc  (D iscus arti- 
cu laris). The  te m p o ro m a n d ib u la r jo in t is p os itio n ed  in fro n t o f th e  bony 
part o f th e  ex te rna l a cou s tic  m e a tu s  (Porus a cus ticu s  ex te rnus).

Fig. 8 .54  T e m p o ro m a n d ib u la r jo in t, A rticu la tio  te m p o ro m a n -  
d ibu laris , le ft side; sag itta l se c tion ; latera l v ie w ; m o u th  opened. [8]
A  D iscus a rticu la ris  c o m p le te ly  d iv ides  th e  te m p o ro m a n d ib u la r jo in t 
in to  tw o  separa te  ch am b e rs  (d ith a la m ic  jo in t):
•  The  lo w e r c h am b e r p e rm its  h in g e -like  ope n ing  and c losu re  m ove 

m e n ts  o f th e  M and ibu la .
•  The  upper c h am b e r a llo w s  fo r  th e  C apu t m and ibu lae  to  s lide  fo rw a rd  

on th e  T ube rcu lum  a rticu la re  (p ro tru s io n ). This p a rticu la rly  requ ires 
th e  ac tion  o f th e  M . p te ryg o id eu s  la tera lis . The m o v e m e n t back in to  
th e  Fossa m and ibu la ris  is ca lled  re tra c tion  (re trus ion).

Protrusion

Fig. 8 .55  M o v e m e n ts  o f th e  te m p o ro m a n d ib u la r  jo in t,
A rticu la tio  te m p o ro m a n d ib u la r is , le ft side; la tera l v iew . [8] 
In d e pe n d en t m o v e m e n ts  in one  te m p o ro m a n d ib u la r jo in t are n o t poss i
b le  because both  te m p o ro m a n d ib u la r jo in ts  are jo ined  in th e  b ony  m an
d ib u la r a rch. The  te m p o ro m a n d ib u la r jo in ts  p e rm it tw o  m ain fu n c tio n s  
during  ch e w in g : e leva tion  (addu ction ) and dep re ss ion  (abdu ction ) o f

th e  lo w e r ja w  as w e ll as g rind ing  m o v e m e n ts . A p a rt fro m  abduction  
and adduction , th e  fo rw a rd  (p ro trus io n ) and backw ard  m o v e m e n t (re 
tru s io n ) as w e ll as g rin d in g  (s idew ays s lid ing  -  la te ro tru s io n  and m e- 
d io trus ion ) c o n s titu te  th e  m o v e m e n t p a tte rns  o f th e  te m p o ro m a n d i
bu lar jo in t. The  m a s tica to ry  m u sc le s  c o n tr ib u te  in d if fe re n t w a ys  to  th e  
m o b ility  o f th e  jo in t.

Caput mandibulae

Porus acusticus externus 

Capsula articularis

Collum mandibulae

(Camera articularis superior)

Membrana synovialis 

Hyaline cartilage of the joint 

(Camera articularis inferior)

Capsula articularis

Proc. mastoideus

Proc. styloideus

Proc. coronoideus 
Ramus mandibulae

Protrusion

Abduction

Tuberculum articulareTuberculum articulare

Fossa mandibularis, M.
Facies articularis

Discus articularis

pterygoideus lateralis mandibularis
articularis

Retrusion

AdductionAbduction
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Temporomandibular joint

Sutura
sphenosquamosa

Tuberculum articulare

Facies articularis

Fissura sphenopetrosa 

Fissura petrosquamosa

Fissura petrotympanica* 

Fissura
ty m panosq uamosa

Fig. 8 .56  Fossa and tu b erc le  o f th e  te m p o ro m a n d ib u la r  jo in t, 
A rticu la tio  te m p o ro m a n d ib u la r is , r ig h t side; in fe rio r v iew .
V ie w  o n to  th e  Facies a rticu la ris  o f th e  Fossa m and ibu la ris , w h ic h  is 
no rm a lly  co ve re d  w ith  hyaline a rticu la r ca rtilage . A lso  covered  by  hya
line cartilage, th e  Tub e rcu lu m  a rticu la re  is loca ted  an te rio r to  th e  Fossa 
m and ibu la ris . In th e  p os te rio r th ird  o f th e  Fossa m and ibu la ris , th e  Pars 
squam osa  co nn e c ts  w ith  th e  Pars pe trosa  o f th e  O s tem p o ra le , and 
m ed ia lly  th e  Os te m p o ra le  bo rde rs  a t th e  O s spheno ida le . A s  a result, 
th is  region  con ta ins  th re e  fissures:
•  In a latera l pos itio n  th e  Fissura tym p a n osq u am o sa  is v is ib le .
•  In th e  m idd le  lies th e  Fissura p e tro tym p an ica  (* G LASERIAN fis 

sure).
•  M e d ia lly  runs th e  Fissura sphe n o pe tro sa  th ro u g h  w h ic h  th e  Chorda 

tym p a n i leaves th e  cranial basis.

Fig. 8 .57  A rticu la r process, Proc. condylaris , o f th e  lo w e r ja w , 
r ig h t side; fro n ta l v iew .
The Proc. condy la ris  is co m p o se d  o f  a C apu t and C o llum  m and ibu lae. 
A t th e  fro n ta l s ide , it con ta ins  th e  Fovea p te rygo idea . Here, th e  M . 
p te ryg o id eu s  la tera lis a tta ch e s  w ith  its  C apu t in fe rius .

Anterior

Anterior ligament —!

------ Posterior ligament

Fossa
mandibularis

Tuberculum
articulare

Discus
articularis

Meatus acusticus 
externus

Posterior 
I------ Intermediate zone

Posterior 

Bilaminar zone
M. pterygoideus lateralis mandibulae

Retro-articular venous plexus

Posterior ligament

Intermediate

Ar

Anterior

b
Bottom

Figs. 8 .58a and b A rticu la r disc. Discus articu la ris , o f th e  
te m p o ro m a n d ib u la r  jo in t, A rticu la tio  te m p o ro m an d ib u la ris .
a su pe rio r v ie w  
b la tera l v ie w
From  fro n t to  back, th e  D iscus a rticu la ris  c o n s is ts  o f an a n te rio r liga
m e n t (connective  tissue), an in te rm e d ia te  zone (fib rous cartilage), a 
p os te rio r lig a m en t (connective  tissue), and a b ilam ina r zone (connective  
tissue). In its  lateral part, th e  in te rm e d ia te  zone is pa rticu la rly  th in .

Fig. 8 .59  T e m p o ro m a n d ib u la r jo in t, A rticu la tio  te m p o ro m a n 
d ibularis ; sagitta l se c tion  a t th e  level o f th e  te m p o ro m a n d ib u la r jo in t 
reg ion  w ith  in je c te d  ve ins  (co loured); lateral v iew . [1]
The b ilam ina r zone  b e tw e e n  th e  Tub e rcu lu m  a rticu la re  and C apu t m an
d ibu lae  is v is ib le . The  b ony  s e p tu m  b e tw e e n  th e  m idd le  cranial fossa 
and th e  Fossa m and ibu la ris  is th in . A m o n g  th e  co nn e c tive  tis s u e  o f the  
b ilam ina r zone lies an e x te n s ive  re tro -a rtic u la r venous plexus. Close 
p ro x im ity  e x is ts  to  th e  ex te rna l a cou s tic  m ea tus .

i- Clinical Rem arks--------------------------------------
S ign ifica n t ex te rna l fo rc e  can re su lt in th e  fra c tu re  o f th e  Col- 
lum  m and ibu lae  (condylar frac tu re ). An in v o lv e m e n t o f th e  
jo in t capsu le  and th e  o ccurence  o f d is loca ted  bone fra g 
m e n ts  is p oss ib le  in such fra c tu re s . In a dd ition , b leed ing  fro m  
th e  re tro -a rticu la r ve no u s  p lexus  (-» Fig. 8 .59) and /o r pain
fu l sensa tions  fro m  th e  ex te rna l a cou s tic  m e a tu s  m ay occur.

The te m p o ro m a n d ib u la r jo in t is a d ia th ros is . Thus, th is  jo in t can be 
a ffle c te d  by  th e  sam e d iseases th a t a lso a ffe c t th e  large jo in ts  o f the  
lim bs , e .g . a rth ros is  o r rheu m a to id  a rth rit is . In case o f an arth ro sis  
of th e  te m p o ro m a n d ib u la r  jo in t, th e  latera l p a rt o f th e  D iscus a rti
cu la ris  is m o s tly  a ffe c te d .

dissect i on l ink
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Temporomandibular joint, radiography

Os temporale, Fossa mandibularis 

Meatus acusticus externus 

Proc. condylaris

Discus articularis

Os temporale, Tuberculum articulare

Proc. coronoideus 

Incisura mandibulae

Fig. 8 .60  T e m p o ro m a n d ib u la r  jo in t, A rticu la tio  te m p o ro m a n -  
dibularis ; c o m p u te d  to m o rg a p h ic  im age  in latera l beam  p ro je c tio n ; 
m o u th  c losed.

W ith  th e  m o u th  c losed  and m a s tica to ry  m u sc le s  re laxed, th e  Proc. con
dy la ris  res ides  in th e  Fossa m and ibu la ris .

Os temporale, Fossa mandibularis

Os temporale, Tuberculum articulare

Meatus acusticus externus

Discus articularis

Incisura mandibulae

Proc. condylaris

Proc. coronoideus

Fig. 8.61 T e m p o ro m a n d ib u la r  jo in t, A rticu la tio  te m p o ro m a n -  
dibularis ; c o m p u te d  to m o rg a p h ic  im age  in latera l beam  p ro je c tio n ; 
m o u th  open.

W ith  th e  m o u th  open , th e  D iscus a rticu la ris  and th e  Proc. condyla ris  
m ove  fo rw a rd  o n to  th e  Tub e rcu lu m  articu la re .
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Facial muscles

Galea aponeurotica

M. depressor supercilii

M. temporoparietalis

M. procerus

M. corrugator supercilii

Lig. palpebrale mediale

M. levator labii superioris 
alaeque nasi

M. nasalis

M. levator labii superioris

M. zygomaticus minor

M. zygomaticus major

Platysma

Foramen mentale

M. depressor anguli oris 

M. depressor labii inferioris 

M. sternocleidomastoideus 

Platysma 

Fascia cervicalis, Lamina superficialis

M. orbicularis oculi,
Pars palpebralis

M. orbicularis oculi,
Pars orbitalis

M. levator labii 
superioris alaeque nasi

M. zygomaticus minor

M. levator labii superioris

M. zygomaticus major

M. risorius

Platysma

M. depressor septi nasi

M. levator anguli oris

Glandula parotidea 

Corpus adiposum buccae

Ductus parotideus 

M. buccinator 

M. masseter

M. levator anguli oris

M. orbicularis oris,
Pars marginalis

M. epicranius, M. occipitofrontalis, 
Venter frontalis

M. depressor anguli oris

M. depressor labii inferioris

M. mentalis 

M. orbicularis oris, Pars labialis

Fig. 8 .62  Facial m uscles. M m . fac ie i, and m as tic a to ry  m uscles. 
M m . m astica to rii; fro n ta l v iew .
M im ic  m u sc le s  d e te rm in e  th e  fac ia l e xp ress ion  and crea te  th e  ind iv idu 
al appearance o f a facia l p hys io g no m y  o f a person . The  m u sc le s  around 
th e  eye have im p o rta n t p ro te c tive  fu n c tio n s , w h ile  th e  m u sc le s  in th e  
region  o f th e  m o u th  se rve  in fo o d  uptake  and a rticu la tion .
V is ib le  on  bo th  s ides o f th e  face  are th e  V e n te r fro n ta lis  o f th e  M . occ i
p ito fro n ta lis  (M . ep icran ius), th e  Partes o rb ita lis  and pa lpebra lis  o f th e  
M . o rb icu la ris  ocu li (Pars lacrim a lis  -» Fig. 9 .19), th e  M . co rrug a to r su 
perc ilii, th e  M . p roce rus, th e  M m . nasalis, d ep re sso r se p ti nasi, leva to r 
labii supe rio ris  a laeque nasi, th e  M . o rb icu la ris  o ris  w ith  Pars labia lis and 
Pars m arg ina lis , th e  M . bucc ina to r, th e  M m . zyg om a tic i m a jo r and m i
nor, th e  M m . risorius , leva to r labii supe rio ris , leva to r anguli oris, dep res 

so r angu li oris, dep re sso r labii in fe rio ris  and m e nta lis  as w e ll as th e  
P latysm a p ro je c tin g  o n to  th e  neck.
O f th e  m a s tica to ry  m usc les , o n ly  th e  M . m a sse te r on  th e  le f t s ide  o f 
th e  face  is sh ow n . The  D uc tus  pa ro tid e us  (STEN SO N 's duct) o f the  
G landula paro tidea  passes across th e  M . m a sse te r and bends around 
its  fro n ta l edge  in an a lm o s t r igh t ang le  to  p en e tra te  th e  M . bucc ina to r. 
A  fa t pad (C orpus a d iposum  buccae, B IC H A T 's  fa t  pad) is loca ted  be
tw e e n  th e  M . m a sse te r and th e  M . b u cc in a to r and co n tr ib u te s  to  the  
c o n to u r o f th e  reg ion  o f  th e  cheek. W ith  th e  e xcep tio n  o f th e  M . bucc i
nator, th e  facia l m u sc le s  do  n o t conta in  a fasc ia . The  fasc iae  o f th e  M . 
bucc ina to r, th e  M . m asse te r, and th e  G landula paro tidea  have been 
rem oved .

—>T 1a, c - f ,  4
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Facial muscles

M. epicranius, M. occipitofrontalis, 
Venter frontalis

Platysma

M. auricularis anterior

M. orbicularis oculi, Pars palpebralis 

M. depressor supercilii 

M. procerus

M. orbicularis oculi,
Pars orbitalis

M. nasalis

M. levator labii 
superioris alaeque nasi

M. levator labii

M. zygomaticus minor 

M. orbicularis oris 

M. zygomaticus major 

Panniculus adiposus

M. orbicularis oris

M. depressor labii inferioris 

M. mentalis

M. depressor anguli oris
M. risorius

M. epicranius,
M. occipitofrontalis, 
Venter occipitalis

Fascia cervicalis, 
Lamina superficialis

Fascia parotidea

M. auricularis superior

M. auricularis 
posterior

M. semispinalis 
capitis

M. sternocleido- 
mastoideus

M. splenius capitis

M. trapezius

Galea aponeurotica

M. epicranius, M. temporoparietalis

Fig. 8 .63  Facial m uscles, M m . fac ie i, le ft side; lateral v iew .
In add ition  to  th e  m u sc le s  d isp layed  in ~ ^F igu re  8 .62 , th is  latera l v ie w  
a lso  s h o w s  th e  V e n te r o cc ip ita lis  o f th e  M . o cc ip ito fro n ta lis  (M . ep icra
n ius) w ith  th e  Galea aponeuro tica  e x te n d in g  b e tw e e n  th e  V e n te r fro n 
ta lis  and th e  V e n te r occip ita lis . Located above th e  ear and a lso pro jecting  
in to  th e  G alea ap o n eu ro tica  is th e  M . te m p o ro p a rie ta lis  (also a part o f 
th e  M . ep icran ius) w h ic h  o rig ina tes  fro m  th e  Fascia te m p o ra lis . A d d it i

onal m im e tic  m u sc le s  are a lso  sh ow n  and inc lude th e  M m . auricu la res 
an te rio r, supe rio r, and poste rio r. In th e  neck reg ion , parts  o f th e  M . 
s te rn o c le ido m a s to id e u s , th e  M . trapez ius , and so m e  a u to ch tho n o us  
m u sc le s  o f th e  back are v is ib le .

i- Clinical Rem arks--------------------------------------
Paralysis o f th e  M . orb icu laris  oculi as p a rt o f a pares is  o f th e  N. 
fac ia lis  [VII] (facial palsy) resu lts  in th e  inab ility  to  vo lu n ta rily  c lose  the  
eyelid , causing  it to  s ta y  open  even  during  s leep  (para lytic lago ph- 
th a lm o s , - *  Fig. 12.151). D ue to  lack o f te n s io n , th e  lo w e r eyelid  
b eco m e s flacc id  and hangs d o w n  (pa ra ly tic  ec trop ion ). The Cana
licu lus  in fe rio r fa ils  to  drain  th e  lacrim a l flu id  fro m  th e  eye. Instead, 
th e  flu id  passes o ve r th e  e ve rte d  lo w e r eye lid  o n to  th e  cheek 
(droop ing  eye, ep iphora). The inab ility  to  b link  th e  eye causes the

cornea to  d ry  o u t and re su lts  in co rnea l les ions (kera titis ) and an 
opaque  cornea.
The  decrease  in te n s io n  in th e  lo w e r eye lid  a t an advanced  age can 
lead to  th e  so-called sen ile  ectrop ion .
Paralysis o f th e  M . orb icu laris  oris  (also in th e  c o n te x t o f a facia l 
palsy) resu lts  in speech  d isab ilitie s . The  co rne r o f th e  m o u th  on  th e  
para lysed s ide  hangs d o w n  and saliva invo lun ta rily  d roops  fro m  th e  
m ou th .
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Head O verview  -» Skeleton and jo in ts  Muscles Topography

Facial and masticatory muscles

Fascia temporalis, Lamina profunda 

Arcus zygomaticus

M. epicranius, M. occipitofrontalis,
Venter frontalis

M. corrugator supercilii

M. orbicularis oculi

M. procerus 

M. depressor supercilii

Lig. palpebrale mediale

M. levator labii superioris 
alaeque nasi

M. levator labii superioris

M. nasalis

Glandula submandibularis 

Fascia cervicalis, Lamina superficialis

M. zygomaticus minor 

M. levator anguli oris 

M. orbicularis oris 

M. zygomaticus major

M. orbicularis oris 

M. depressor labii inferioris

M. mentalis

M. risorius 

M. depressor anguli oris

M. digastricus, Venter anterior

Galea aponeurotica

Pericranium

Fascia temporalis, 
Lamina superficialis

M. epicranius,
M. temporoparietalis

M. epicranius,
M. occipitofrontalis, 
Venter occipitalis

Articulatio temporo- 
mandibularis, 
Capsula articularis, 
Lig. laterale

Glandula parotidea 

Glandula parotidea accessoria 

Ductus parotideus 

M. buccinator

M. sternocleidomastoideus

M. masseter

Corpus adiposum buccae

Fig. 8 .6 4  Facial m uscles. M m . fac ie i, and m as tic a to ry  m uscles. 
M m . m astica to rii; la tera l v ie w  fro m  an o b lique  angle.
The  fasc ia  o f th e  M . bucc ina to r, th e  M . m asse te r, th e  G landula pa ro ti
dea as w e ll as p a rt o f th e  superfic ia l fascia  o f th e  neck w e re  rem oved . 
A s  a re su lt, th e  co rrespond ing  m usc les , th e  G landula parotidea 
e x te n d in g  to  th e  neck, and th e  G landula subm and ibu la ris  b eco m e  v is i
b le . The  m a jo r e x c re to ry  d u c t o f th e  G landula paro tidea, th e  D uctus  
p a ro tideus  (STEN SEN 's duct), e x its  th e  g land a t its  an te rio r pole , cros
ses th e  M . m asse ter in a horizonta l line fro m  p os te rio r to  an te rio r and, 
a t th e  an te rio r m arg in  o f th e  M . m a sse te r, bends inw a rds  in an a lm o s t 
p e rfe c t r ig h t ang le  to  p en e tra te  th e  M . buccinator. B e tw e en  th e  M . 
b u cc in a to r and M . m a s s e te r lies th e  C orpus a d iposum  buccae

(B IC H A T 's  fa t pad). A sso c ia ted  w ith  th e  D uc tus  p a ro tideus  is accessory 
g landular tis su e  (G landula paro tidea accessoria).
In th e  te m p o ra l reg ion , th e  M . parie toparie ta lis  o f th e  M . ep ic ran ius  w a s  
re m ove d . Th is a llo w s  a c lea r v ie w  o n to  th e  superfic ia l lam ina (Lam ina 
supe rfic ia lis ) o f th e  Fascia tem p o ra lis .
A b o ve  th e  zygom a tic  arch (Arcus zygom aticus) pa rts  o f th e  Lam ina 
supe rfic ia lis  and th e  te m p o ra l fa t  pad unde rnea th  (C orpus a d iposum  
te m p o ra lis ) w e re  re m ove d  to  p e rm it a c lea r v ie w  o n to  th e  deep  lam ina 
(Lam ina p ro funda) o f th e  Fascia te m p o ra lis  w ith  th e  M . te m p o ra lis  sh in 
ing th rough .

Clinical Rem arks--------------------------------------
S w e llin g  o f th e  G lan du la  p a ro tid ea  (e.g. in th e  case o f an e p id e m 
ic p a ro tit is  [m u m p s ], -» p. 90) can cause  severe  pain sensa tions  be
cause  o f th e  c lose  p ro x im ity  o f th e  paro tid  g land to  th e  m a s tica to ry  
m u sc le s  and th e  fa c t th a t th e  paro tid  g land and M . m a sse te r share 
a m u tu a l fascia  (Fascia pa ro tideom asse te rica ). O fte n , th e  pain also 
invo lves  th e  ex te rna l a coustic  m e a tu s  and is aggrava ted  by  palpa ting

th e  tragus o r th e  auric le  (tragus pain).
P a tients w ith  a m a lignan t tu m o u r d isease  (tu m o u r cachexia) or 
s u ffe r in g  fro m  advanced  s tages o f  H IV  in fec tio n  are o fte n  em acia 
te d . The  B IC H A T 's fa t  pad w h ic h  m o de ls  th e  typ ica l c o n to u r o f th e  
ch ee ks  is w a s tin g  and g ives  w a y  to  th e  em acia ted  ch ee ks  in th e se  
patien ts .
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Vessels and nerves -► Nose -► M outh and oral cavity  -► Salivary glands

Facial and masticatory muscles

N. hypoglossus [XII] N. vagus [X]

M. constrictor pharyngis inferior

A. carotis communis

Pericranium 

M. temporalis

M. epicranius, M. occipitofrontalis, Venter frontalis 

Os frontale, Linea temporalis 

M. corrugator supercilii

M. depressor

M. orbicularis oculi

M. levator labii superioris 
alaeque nasi

M. levator labii superioris

M. nasalis

N. infraorbitalis

M. levator anguli oris

Arcus zygomaticus

Articulatio temporomandibularis, 
Capsula articularis,
Lig. laterale

M. epicranius,
M. occipitofrontalis, 
Venter occipitalis

M. orbicularis oris 

Ductus parotideus 

M. buccinator

Proc. styloideus 

A. temporalis superficialis

M. mentalis M. sternocleidomastoideus

Os parietale, Facies externa, 
Linea temporalis inferior

Galea aponeurotica

Meatus acusticus 
externus cartilagineus

Ramus mandibulae

M. masseter, 
Pars profunda

M. orbicularis oris

M. depressor 
labii inferioris

M. depressor anguli oris

M. digastricus, Venter anterior
M. masseter, Pars superficialis

M. stylohyoideus
Os hyoideum

digastricus, Venter posterior

V. jugularis interna

Fig. 8 .65  Facial m uscles. M m . fac ie i, and m as tic a to ry  m uscles. 
M m . m a s tic a to rii, le ft side; la tera l v iew .
Upon rem ova l o f th e  supe rfic ia l and th e  deep  lam inae o f th e  tem pora l 
fasc ia  and th e  partia l rem ova l o f th e  zyg om a tic  arch and parts  o f th e  M . 
m a sse te r, th e  M . te m p o ra lis  b eco m e s vis ib le .
The  o rig in  o f th e  M . te m p o ra lis  a long th e  Linea te m p o ra lis  in fe rio r o f 
th e  Facies ex te rna  o f th e  O s parie ta le  and th e  L inea te m p o ra lis  o f th e  
O s fro n ta le  are s h o w n . The m u sc le  fib re s  conve rge  in to  a f la t tendon  
th a t d isppears in th e  Fossa in fra te m p o ra lis  beh ind  th e  zyg om a tic  arch 
and inse rts  a t th e  Proc. co rono ideus.

O rig ins  o f th e  M . tem p o ra lis :
•  L inea te m p o ra lis  in fe rio r o f th e  Facies ex te rna  o f th e  Os parie ta le
•  Facies te m p o ra lis  o f th e  Os fron ta le
•  Facies te m p o ra lis , Pars squam osa  o f th e  O s te m p o ra le
•  Facies te m p o ra lis  o f th e  Os zyg om a ticu m
•  Facies te m p o ra lis  o f th e  O s sp heno ida le  up to  th e  C rista in fra te m 

pora lis
The im age  a lso  d isp lays  a fe w  suprahya l m u sc le s  (M . d igas tricus  w ith  
V e n te r a n te rio r and V e n te r p os te rio r, M . s ty lohyo ideus).

—► T 1, 4
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Head O verview  -» Skeleton and Jo in ts  -» Muscles Topography

Masticatory muscles

M. masseter, Pars profunda

M. masseter, Pars superficialis

Mandibula

M. temporalis

Arcus zygomaticus

Fig. 8 .66  M . m asse ter and M . te m p o ra lis , le ft side; la tera l v iew . 
The M . m asse ter co ns is ts  o f a Pars supe rfic ia lis  and a Pars p rofunda .

—» T 4

Os temporale, 
Proc. zygomaticus

Fossa mandibularis, 
Facies articularis

Discus articularis 

Caput mandibulae 

Capsula articularis 

Tuberculum articulare

M. pterygoideus lateralis,
Caput inferius

Os zygomaticum, Proc. temporalis

M. pterygoideus medialis,
(Pars medialis)

M. pterygoideus medialis,
(Pars lateralis)

Ala major, Crista infratemporalis

M. pterygoideus lateralis,
Caput superius M. pterygoideus lateralis, Caput superius 

Discus articularis
mandibularis, 

Facies articularis

articularis

mandibulae

M. pterygoideus lateralis,
Caput inferius

Ramus mandibulae

Fig. 8 .67  T e m p o ro m a n d ib u la r  jo in t, A rticu la tio  te m p o ro m a n -  
dibu laris , M . p te ryg o id eu s  m ed ia lis  and M . p te ryg o id eu s  la tera lis , 
le ft side; la tera l v iew .
The  M . p te ryg o id eu s  m ed ia lis  c o n s is ts  o f  a Pars m ed ia lis  and a Pars 
lateralis.

Fig. 8 .68  T e m p o ro m a n d ib u la r jo in t, A rticu la tio  te m p o ro m a n -  
dibu laris , and re la tio n sh ip  to  th e  M . p te ryg o id eu s  la te ra lis , le ft 
side; la tera l v iew .
The  M . p te ryg o id eu s  la tera lis co ns is ts  o f a C apu t supe rius  and a C aput 
in fe riu s  { - *  Fig. 8.67).
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Vessels and nerves -► Nose -► M outh and oral cavity  -► Salivary glands

Masticatory muscles

Angulus mandibulae

N. abducens [VI]

M. temporalis

A. carotis interna

Fossa mandibularis

Capsula articularis
Discus articularis

M. pterygoideus lateralis,
Caput superius

M. pterygoideus lateralis,
Caput inferius

M. pterygoideus medialis N. alveolaris inferior

M. masseter
Hamulus pterygoideus

N. opticus [II]

N. trochlearis [IV]

N. oculomotorius [III]

N. trigeminus [V]

Caput mandibulae

Lig. sphenomandibulare 

N. lingualis

Os hyoideum, Cornu majus

Platysma

M. mylohyoideus

M. genioglossus 

M. omohyoideus 

geniohyoideus

M. thyrohyoideus 

M. sternohyoideus

A. temporalis, R. frontalis

Fig. 8 .69  M a s tic a to ry  m uscles. M m . m as tic a to rii; fro n ta l sec tion  
at th e  leve l o f th e  te m p o ro m a n d ib u la r jo in t and horizon ta l se c tion  o f 
th e  sku ll cap; p o s te rio r v iew .
The  b ila te ra l inse rtion  s ite s  o f th e  M m . m a sse te r and p te ryg o id eu s  
m ed ia lis  a t th e  A n g u lu s  m and ibu lae  are s h o w n . The  M and ibu la  is sus

pended  by  th e s e  m u sc le s  like a sw in g . On th e  r ig h t s ide , th e  Lig. sphe
nom and ibu la re  b e tw e e n  th e  M . p te ryg o id eu s  la tera lis and th e  M . p te ry 
g o id e us  m ed ia lis  as w e ll as th e  N. lingualis  a re  v is ib le .

—► T  4

[- Clinical Rem arks-----------------------------------------------------------------------------------------------------------
Trism us can m ake  it im po ss ib le  to  open o r c lose  th e  m o u th . A b - ya w n in g  m o v e m e n ts , e x tre m e  m o u th  open ing , o r acc iden ts  can
sce sses  in th e  fac ia l c o m p a rtm e n ts  o f th e  m a s tica to ry  m u sc le s  cause a lo ck ja w  w ith  th e  m o u th  being  locked in th e  open pos ition ,
can re su lt in th e  m o u th  be ing  locked  in a c lose  pos itio n . E xcessive
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Head O verview  -» Skeleton and jo in ts  Muscles Topography ->

Vessels and nerves of head and neck

(VII)

Fig. 8 .70  Vessels and nerves o f head  and neck, la te ra l superfic ia l 
reg ions, r ig h t side; la tera l v iew .
S uperfic ia l a rte ries  in th e  area o f th e  face  are th e  A . fac ia lis  and its 
b ranches and th e  R. parie ta lis  and R. fro n ta lis  o f th e  A. te m p o ra lis  
superfic ia lis , w h ic h  o rig ina tes  fro m  th e  A. ca ro tis  ex te rna  in th e  lateral 
head reg ion . The  b lood  dra ins fro m  here  th ro u g h  ide n tica lly  nam ed 
ve ins  in to  th e  V. ju g u laris  ex te rna .
The te rm ina l b ranches o f th e  N . fac ia lis  [V II] are th e  supe rfic ia l nerves 
rad ia ting  fro m  th e  P lexus in trapa ro tideus loca ted  w ith in  th e  Glandula 
paro tidea (Rr. te m p o ra le s , Rr. zygom a tic i, Rr. bucca les, R. m arg ina lis

m and ibu lae , R. co lli m and ibu lae). In fro n t o f th e  auric le  th e  N . auricu- 
lo tem p o ra lis , a branch o f th e  N. tr ig e m in u s  [V], ascends. The  N . su- 
p ra o rb ita lis , a lso a branch o f th e  N. tr ig e m in u s  [V], leaves th e  o rb it and 
p ie rces  th e  M . o rb icu la ris  oculi.
N eck and o c c ip u t rece ive  se nso ry  innerva tion  fro m  b ranches o f th e  
Plexus cerv ica lis  w h ich  large ly derive  fro m  th e  P unctum  n ervosum  
(ER B 's po in t) a t th e  p o s te rio r m arg in  o f th e  M . s te rn o c le ido m a s to id e u s : 
N. tra n sve rsu s  co lli, N. auricu la ris  m agnus, N. o cc ip ita lis  m ino r, and 
Nn. suprac lav icu lares.

A. temporalis superficialis, 
R. frontalis

A. temporalis superficialis,
R. parietalis

M. temporalis 

N. auriculotemporalis (V/3)

Rr. temporales (VII)

Glandula parotidea

N. occipitalis minor,
(Plexus cervicalis)

V. jugularis externa

M. levator scapulae

N. auricularis magnus,
(Plexus cervicalis)

N. accessorius [XI]

M. trapezius

M. epicranius, M. occipitofrontalis 

N. supraorbitalis

M. orbicularis oculi

A. angularis

Rr. zygomatici (VII)

Ductus parotideus

R. buccalis (VII) 

A. facialis 

M. masseter 

R. marginalis mandibulae

R. colli mandibulae (VII) 

Platysma
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Vessels and nerves -► Nose -► M outh and oral cavity -► Salivary glands

Vessels and nerves of head and neck

N. auriculotemporalis (V/3)

A. temporalis superficialis

N. occipitalis major 

Plexus intraparotideus (VII)

N. occipitalis minor

M. splenius capitis 

N. auricularis magnus 

N. accessorius [XI]

V. jugularis externa

Nn. supraclaviculares

M. trapezius

N. supraorbitalis (V/1), R. lateralis 

A. supraorbitalis 

N. supraorbitalis, R. medialis 

N. supratrochlearis (V/1)

N. infraorbitalis (V/2)

N. mentalis (V/3) 

A. facialis

V. facialis 

R. colli (VII)

(Ansa cervicalis superficialis)

N. transversus colli

M. sternocleidomastoideus

V. transversa colli

Fig. 8.71 Vessels and nerves o f th e  head  and neck, la te ra l deep  
reg ion s, r ig h t side; la tera l v iew .
Upon rem ova l o f th e  facia l m u sc le s  and th e  supe rfic ia l pa rts  o f th e  
G landula paro tidea, th e  course  o f th e  A. fac ia lis  and th e  o rig in  o f th e  
te rm ina l b ranches o f th e  N. fac ia lis  derived  fro m  th e  Plexus in fraparo - 
tid eu s  beco m e  v is ib le . A lso  s h o w n  are th e  te rm in a l sensory b ra n 
ches o f th e  N . tr ig e m in u s  [V ] w h ic h  o rig ina te  fro m  its th re e  parts:
•  Nn. suprao rb ita lis  and supra troch lea ris  (from  N. o ph tha lm icu s  [V/1])
•  N. in frao rb ita lis  (from  N. m axillaris  [V/2])
•  N. m e n ta lis  (from  N. m and ibu la ris  [V/3])
In th e  latera l tr ia ng le  o f  th e  neck a t th e  p o s te rio r s ide o f th e  M . s te rn o 
c le id o m a sto id eu s , th e  fo u r cervical b ranches e x it a t th e  E R B 's po in t:

•  N. tra n sve rsu s  co lli
•  N. auricu la ris  m agnus
•  N. o cc ip ita lis  m ino r
•  Nn. suprac lav icu la res
The N. tra n sve rsu s  co lli rece ives  m o to r fib re s  via th e  R. co lli o f th e  N. 
fac ia lis  [VII] fo r  th e  inne rva tion  o f m o re  d is ta l pa rts  o f th e  P latysm a. 
Further, in th e  la tera l tr ia ng le  o f th e  neck th e  N. accessorius [X I] runs 
fro m  th e  p o s te rio r b o rde r o f th e  M . s te rn o c le id o m a s to id e u s  to  th e  an
te r io r  b o rde r o f th e  M . trapez ius . The o c c ip u t rece ives se nso ry  innerva
tio n  th ro u gh  th e  N. occip ita lis  m a jo r  (branch o f th e  P lexus cervica lis) 
and b lood  su pp ly  th ro u gh  th e  A . and V. occip ita lis .

Clinical Remarks
E xtirpa tion  o f lym ph  nodes in th e  la tera l tr ia ng le  o f th e  neck can re
s u lt in lesions o f th e  N . accessorius [X I] and partia l pa lsy o f th e  M . 
trapez ius  (a lm o s t a lw ays  th e  M . trapez ius  is a lso innerva ted  by the

P lexus ce rv ica lis  -  in 6 .4 %  o f cases exc lu s ive ly  by  th is  p lexus) w h ich  
re su lts  in sh o u ld e r dys fu n c tion s .
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Vessels and nerves of the lateral facial region

A. zygomatico orbitalis

N. supraorbitalis, 
R. lateralis

A. supratrochlearis

N. supraorbitalis, 
R. medialis

N. zygomaticus,
R. zygomaticofacialis

N. supratrochlearis

N. infratrochlearis

N. ethmoidalis anterior, 
R. nasalis externus

A. angularis

N. infraorbitalis

M. orbicularis oris

N. mentalis and concomitant A. mentalis 

N. alveolaris inferior

A. alveolaris inferior 

A. facialis

V. submentalis

V. facialis

V. temporalis media

A. temporalis superficialis, R. parietalis

A. temporalis superficialis

N. auriculotemporalis

A. maxillaris

N. occipitalis major

A. occipitalis

A. temporalis superficialis, R. frontalis 

N. supraorbitalis, R. lateralis

N. zygomaticus,
R. zygomaticotemporalis

A. masseterica

N. massetericus and
concomitant A. masseterica

A. facialis

M. buccinator

A. buccalis

N. buccalis

N. auricularis posterior

A. auricularis posterior 

N. facialis [VII]

N. occipitalis minor 

M. trapezius 

M. sternocleidomastoideus

A. occipitalis 

R. digastricus (VII)

V. retromandibularis 

R. stylohyoideus (VII)

A. carotis interna 

A. carotis externa

A. lingualis 

V. retromandibularis

Fig. 8 .72  Vessels and nerves  o f th e  head , la te ra l deep  reg ions, 
r ig h t side; la tera l v iew .
Upon rem ova l o f large parts  o f th e  G landula paro tidea, th e  s tru c tu re s  o f 
th e  Fossa re tro m a n d ib u la ris  in th e  deep  latera l head region  becom e  
vis ib le .
B e lo w  th e  auric le , th e  und iv ided  s te m  o f th e  N . fac ia lis  [V II] is v is ib le . 
S ho rtly  a fte r  e x itin g  th e  Foram en s ty lo m a s to id e u m , th e  facia l nerve 
[VII] p rov ides  b ranches to  th e  M . d igas tricus , V e n te r p os te rio r (R. d igas
tricus), to  th e  M . s ty lo hyo id eu s  (R. s ty lohyo ideus), and to  th e  auricu la r 
m u sc le s  (N. auricu la ris  poste rio r).
Beneath  th e  M m . d ig a s tricu s  and s ty lo hyo id eu s , th e  Aa. ca ro tides  in
te rna  and ex te rna  ascend. T o g e th e r w ith  th e  V. re tro m an d ibu la ris  and 
th e  N. a u ricu lo tem pora lis , th e  A . caro tis  ex te rn a  runs in th e  Fossa re
tro m a nd ib u la ris  and b ranches in to  th e  Aa. o cc ip ita lis , auricu la ris  p os te 
rior, m axillaris , and te m p o ra lis  su pe rfic ia lis  as w e ll as m u ltip le  sm a ll

b ranches. The  M . m a sse te r w a s  c u t and fo ld e d  backw ards  to  d e m o n 
s tra te  its  supp ly ing  s tru c tu re s  loca ted  on th e  back o f th is  m u sc le  (N. 
m a sse te ricu s  -  b ranch o f th e  N. m and ibu la ris  [V /3]; A. m assete rica  -  
branch o f th e  A . m axillaris). T hese  supp ly ing  s tru c tu re s  reach th is  m u s 
cle  th ro u g h  th e  Inc isura  m and ibu lae . In th e  lo w e r fac ia l reg ion , all m im ic  
m u sc le s  w e re  rem oved  fro m  th e  M and ibu la ; th e  C analis m and ibu la ris , 
w h ic h  runs w ith in  th e  bone fro m  th e  Foram en m and ibu lae  to  th e  Fora
m en m enta le , w a s  o pened  up to  d isp lay th e  N . a lveo la ris  in ferio r and 
th e  co rresp o n d in g  artery. A t  th e  Foram en m enta le , th is  nerve  b ecom es 
th e  N . m en ta lis .
B e lo w  th e  o rb it, th e  A . fac ia lis  w a s  partly  re m ove d . Th is  a rte ry  c o n tin u 
es as A . angu laris b e lo w  th e  eye  and in th e  o rb it it ana s tom o se s  w ith  
b ranches o f th e  A . oph tha lm ica . On to p  o f th e  M . bucc ina to r, th e  sen 
so ry  l\l. buccalis , a branch o f th e  N. m and ibu la ris  [V/3], is v is ib le .
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A. maxillaris

A. angularis

A. maxillaris

A. temporalis media

A. temporalis superficialis, R. parietalis

A. temporalis profunda posterior;
N. temporalis profundus

M. pterygoideus lateralis

A. zygomaticoorbitalis
A. supratrochlearis

A. transversa faciei A. infraorbitalis

A. tympanica anterior
Nn. alveolares superiores,
Rr. alveolares superiores posteriores

A. meningea media
Rr. dentales; 1 A. alveolaris 

Rr. peridentales j  superior posterior

N. buccalis

A. buccalis

A. facialis

Raphe pterygomandibularis A.; N. alveolaris inferior

N. mylohyoideus A. facialis

A. carotis externa

N. lingualis

Fig. 8 .73  A rte rie s  and nerves  o f th e  head , la te ra l deep  reg ions, 
r ig h t side; la tera l v iew .
In m o s t cases, th e  A . m ax illa ris  courses beh ind  th e  R am us m and ibu 
lae. O n ly  ra re ly  d oes  th e  a rte ry  run la te ra lly  to  th e  ram us. The  A. m axil
laris c o n tin u e s  th ro u g h  th e  m a s tica to ry  m usc les , su pp lies  th e se  m u s 
cles w ith  b lood, and p rov ides  b ranches to  th e  M . b u cc in a to r and th e

B ranches o f th e  A . m ax illa ris

Pars
re tro m a n d ib u la ris

•  A . auricu la ris  p rofunda
•  A . tym p a n ica  an te rio r
•  A . a lveo laris  in fe rio r

-  Rr. den ta les
-  Rr. pe riden ta les
-  R. m e n ta lis
-  R. m y loh yo id e u s

•  A . m en ingea  m edia
•  A . p te ryg om e n in g e a

Pars
in term uscu laris

•  A . m assete rica
•  A . te m p o ra lis  p ro funda  an te rio r
•  A . te m p o ra lis  p ro funda  p os te rio r
•  Rr. p te ryg o id e i
•  A . bucca lis

Pars
sph en o p a la tin a

•  A . a lveo laris  su pe rio r p os te rio r
-  Rr. den ta les
-  Rr. pe riden ta les

•  A . in frao rb ita lis
-  Aa. a lveo lares su pe rio res  an te rio re s

-  Rr. den ta les
-  Rr. pe riden ta les

•  A . canalis p te rygo ide i
•  A . pala tina descendens
•  A . sphenopa la tina

M and ibu la . Its te rm ina l b ranches reach th e  o rb it, nose, m axilla , and pa
late. The  A . caro tis  ex te rn a  and its  b ranches course  th ro u g h  th e  Fossa 
re trom and ibu la ris . The  A. fac ia lis  w a s  rem oved  a t th e  leve l o f th e  Cor
pus m and ibu lae . N orm a lly , th e  pu lse  o f th e  A. fac ia lis  is palpable w h e re  
it bends around  th e  edge o f th e  M and ibu la .

3%

b

18%

d

Figs. 8 .74a to  d V a ria tio n s  o f th e  course o f th e  A. m ax illa ris .
a co u rse  o f th e  A. m axilla ris  m ed ia l o f th e  M . p te ryg o id eu s  latera lis 

and m edia l to  th e  N. lingualis  and N. a lveo laris in fe rio r 
b co u rse  o f th e  A . m axilla ris  b e tw e e n  th e  N. lingualis  and N. a lveolaris 

in fe rio r
c co u rse  o f th e  A . m axilla ris  th ro u g h  a loop o f th e  N. a lveo laris  in fe rio r 
d branch ing  o f th e  A . m en ingea  m edia  d is ta l o f th e  b ifu rca tion  o f th e  

A. a lveo laris  in fe rio r
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Plexus pterygoideus

Plexus pterygoideus
V. temporalis media

N. mylohyoideus 

V. submentalis

N. supraorbitalis, R. lateralis 

N. supraorbitalis, R. medialis

A. angularis 

A. dorsalis nasi

A. facialis

N. infraorbitalis

N. buccalis

V. profunda faciei

A. buccalis

V. facialis

N. mentalis

Plexus dentalis inferior

Ramus mandibulae

N. massetericus; A. masseterica

N. auriculotemporalis

V. temporalis media

N. auriculotemporalis

V. temporalis superficialis

N. facialis [VII]

A. maxillaris

V. maxillaris

A. carotis externa 

V.

Lig. sphenomandibulare

N.; A. alveolaris inferior 

N. lingualis 

A. carotis interna 

A. carotis externa
A. lingualis

V. retromandibularis
V. facialis

Fig. 8 .75  Vessels and nerves  o f th e  head , la te ra l deep  reg ions, 
r ig h t side; la tera l v iew .
The  Plexus p te ryg o id eu s  dra ins th e  ve no u s  b lood  in th e  region  o f th e

m a s tica to ry  m u sc le s  and re leases it m a in ly  in to  th e  V. m axillaris . The 
P lexus p te ryg o id eu s  a lso co nn e c ts  w ith  th e  V. fac ia lis  via th e  V. p ro fu n 
da fac ie i and w ith  th e  S inus cavernosus via th e  V. o ph tha lm ica  in ferio r.

Fig. 8 .76  B ranching o f th e  N . m an d ib u la ris  [V /3 ] ,  r ig h t side;
fro n ta l v iew . [9]
The  branch ing  o f th e  N. m and ibu la ris  [V /3] (-» Fig. 12.144) in to  th e  N. 
lingualis  and N. a lveo la ris  in ferio r norm a lly  o ccurs  b e tw e e n  th e  Lig. 
sphen o m an d ibu la re  and th e  M . p te ryg o id e u s  m edia lis , Pars m edia lis . 
Then th e  N. a lveo laris  in fe rio r tu rn s  latera l and e n te rs  th e  C analis m an
d ibu lae  lateral o f th e  Lig. sphenom and ibu la re .

Lig. sphenomandibulare

N. alveolaris

Lingula 

M. pterygoideus medialis 

N. lingualis
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N. mandibularis [V/3]

N. auriculotemporalis

A. temporalis media
A. temporalis profunda posterior;
N. temporalis profundus

N. mandibularis [V/3]

N.; M. pterygoideus lateralis 

A. maxillaris 

N. infraorbitalis

A.; N. auricularis 
posterior

A. temporalis 
superficialis

N. facialis [VII]

A. infraorbitalis 

A. sphenopalatina 

N. supratrochlearis

Rr. alveolares superiores 
posteriores

N. infratrochlearis

R. digastricus 

A. occipitali:

A. meningea media 

A. maxillaris 

Chorda tympan

A. alveolaris inferior

N. hypoglossus [XII]
A. lingualis 

A. palatina ascendens

R. auricularis (X)

A. angularis

N. infraorbitalis

N. massetericus 

N. buccalis

A. buccalis

N. alveolaris inferior

N. lingualis

N. hypoglossus [XII]
Ganglion submandibulare

N. mylohyoideus

Mandibula

Glandula sublingualis 
A. sublingualis

N. hypoglossus [XII]

A. submentalis

A. temporalis superficialis, 
R. parietalis

N. meatus 
acustici externi

N. vagus [X]
(Ansa cervicalis profunda)

A. carotis communis
A. facialis

Fig. 8 .77  A rte rie s  and nerves  o f th e  head , la te ra l d eep es t th e  N . lingu alis , l\l. a lveo la ris  in ferio r, N. bucca lis, and th e  N. auricu-
reg ions, r ig h t side; la tera l v ie w . lo tem p o ra lis  and sends b ranches to  th e  m a s tica to ry  m usc les .
Upon e x itin g  th e  Foram en ovale, th e  N. m and ibu la ris  [V /3] d iv ides  in to

Raphe pterygomandibularis

N. mandibularis

N. alveolaris inferior 
N. buccalis

N. trigeminus [V]
N. facialis [VII]

Chorda tympani

M. constrictor pharyngis superior

N. mylohyoideus

Ganglion 
submandibulare

N. lingualis

M. hyoglossus

M. genioglossus 

M. geniohyoideus

Os hyoideum, 
Cornua majora

Fig. 8 .78  B ranching o f th e  N. m an d ib u la ris  [V /3 ] , r ig h t side;
fro n ta l v ie w  fro m  th e  le f t s ide . [9]
B ranch ing  o f f  th e  N. m and ibu la ris  [V/3], th e  N . lingualis  e n te rs  th e  
to n g ue  fro m  th e  latera l s ide . S ho rtly  a fte r leaving th e  N. m and ibula ris  
[V/3], th e  lingual nerve  is accom pan ied  by  th e  Chorda tym p a n i, w h ich  
b ranches o ff  th e  N. fac ia lis  [VII] w ith in  th e  Canalis fac ia lis . The Chorda 
tym p a n i co n ta in s  pa ra sym p a th e tic  f ib re s  fo r  th e  G anglion subm and ibu - 
lare as w e ll as g us ta to ry  fib re s  fo r  th e  an te rio r tw o -th ird s  o f th e  to ngue .

M. temporalis, Tendo

Lig. sphenomandibulare
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Arteries of the head

A. temporalis superficialis,
R. parietalis

A. temporalis
superficialis

Aa. temporales profundae 
anterior et posterior

A. stylomastoidea

A. transversa faciei
A. occipitalis, Rr. occipitales

A. auricularis posterior, 
R. occipitalis

A. angularis
A. auricularis 
posterior

A. infraorbitalis A. occipitalis

A. palatina
descendens

A. alveolaris 
superior posterior

A. labialis superior

R. mastoideus 

R. sternocleidomastoideus

A. labialis inferior

A. maxillaris 

A. occipitalis

A. palatina ascendens 

A. facialis

A. pharyngea ascendens 

A. carotis externa

A. temporalis media

A. temporalis superficialis,
R. frontalis

A. zygomaticoorbitalis

A. meningea media

A. sphenopalatina

R. mentalis

A. facialis
A. submentalis

A. alveolaris inferior

A. carotis interna

Bifurcatio carotidis 

A. carotis communis
Fig. 8 .79  A . caro tis  ex te rna
{-»  p. 5 3 ).

B ranches o f th e  A. caro tis  ex te rna

1. A. thyroidea superior
-  R. infrahyoideus
-  A. laryngea superior
-  R. cricothyroideus
-  R. sternocleido

mastoideus
-  Rr. glandulares

2. A. pharyngea ascendens
-  Rr. pharyngeales
-  A. tympanica inferior
-  A. meningea posterior

3. A. lingualis
-  Rr. dorsales linguae
-  A. sublingualis
-  A. profunda linguae

4. A. fac ia lis
-  A. palatina ascendens
-  R. tonsillaris
-  A. submentalis
-  Rr. glandulares
-  A. labialis inferior
-  A. labialis superior

-  R. septi nasi
-  R. lateralis nasi
-  A. angularis

5. A. occipita lis
-  R. mastoideus
-  R. auricularis
-  Rr. sternocleido- 

mastoidei
-  Rr. occipitales
-  R. meningeus (Var.)
-  R.descendens

6. A. auricularis posterior
-  A. stylomastoidea

-  A. tympanica 
posterior

-  R. auricularis
-  R. occipitalis
-  R. parotideus

7. A. tem poralis superficialis
-  R. parotideus
-  A. transversa faciei
-  Rr. auriculares anteriores
-  A. zygomaticoorbitalis
-  A. temporalis media
-  R. frontalis
-  R. parietalis

8. A. maxillaris
-  A. alveolaris inferior

-  R. mentalis
-  A. meningea media

-  A. tympanica superior
-  A. auricularis profunda
-  A. tympanica anterior

-  A. masseterica
-  Aa. temporales profundae 

posterior et anterior
-  Rr. pterygoidei
-  A. buccalis

Pars
mandibularis

Pars
pterygoidea

Pars
pterygo-
palatina

8. A. maxillaris (continuation)
-  A. alveolaris superior 

posterior
-  Rr. dentales
-  Rr. peridentales

-  A. infraorbitalis
-  Aa. alveolares 

superiores anteriores
-  A. palatina descendens

-  A. palatina major
-  Aa. palatinae minores

-  R. pharyngeus
-  A. sphenopalatina

-  Aa. nasales posteriores 
laterales

-  Rr. septales posteriores
-  A. nasopalatina

Terminal branches of the A. maxillaris are the A. 
infraorbitalis, A. sphenopalatina, A. alveolaris 
superior posterior and A. palatina descendens.
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Veins of the head

V. angularis

V. emissaria mastoidea

V. maxillaris

V. cervicalis profunda

V. supratrochlearis

V. nasofrontal is

V. diploica occipitalis

V. labialis superior
V. occipitalis 

Plexus pterygoideus

V. diploica temporalis 
posterior

V. labialis inferior

V. emissaria parietalis 

V. temporalis superficialis

V. pharyngea

V. diploica frontalis 

V. diploica temporalis anterior

V. retromandibularis

V. jugularis externa

V. jugularis interna

v. i/Ui 1111ciI ia  I ic i VI

hypoglossi
V. facialis

V. thyroidea superior

Fig. 8 .79  E xterna l caro tid  a rte ry , A. caro tis  e x te rn a , le ft side;
la tera l v ie w  (-* p. 52).
The b ranches o f th e  A . ca ro tis  ex te rna  are lis ted  in th e  ta b le  (-» p. 52) in 
th e ir  co nse cu tive  branch ing  order.

Fig. 8 .80  In terna l ju g u la r v e in , V. ju g u laris  in tern a , le ft side;
la tera l v iew .
The  V. jugu la ris  in te rna  s ta rts  as a d ila ted  ex te n s io n  o f th e  S inus s igm o- 
ideus a t th e  cranial base. Th is  ve in  d ra ins  th e  b lood  fro m  th e  reg ions o f 
th e  sku ll, brain, face , and parts  o f th e  neck. The Vv. fac ia lis , lingualis, 
pharyngea, o cc ip ita lis , th y ro id e a  superio r, th y ro id e a  m edia , and Vv. 
em issariae  drain  b lood  fro m  th e  superfic ia l head reg ion  in to  th e  V. jugu 
laris interna.

Clinical Remarks
The pu lse  o f th e  V. jugu la ris  (ju gu lar pulse) p rov ides usefu l in fo rm a 
tio n  on th e  ve no u s  b lood  p ressu re  and th e  w ave -like  ch a ra c te ris tic  o f 
th e  jug u la r pu lse  re fle c ts  th e  fu n c tio n  o f th e  righ t heart.

In rare cases, in fla m m a tio n s  in th e  fac ia l area can sp read  via th e  
va lve -free  V. angu laris  to  in tra -o rb ita l ve ins  (V. o ph tha lm ica  superio r) 
and e ven tua lly  fro m  th e re  to  th e  S inus cavernosus. Th is  re su lts  in a 
life -th re a te n in g  ph le b itis  o r even  a ve no u s  s inus th ro m bo s is .
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N. facialis [VII]

Rr.

Fig. 8.81 Term ina l b ranches o f th e  N . facia lis  [V II] in  th e  face , le ft
side; la tera l v iew . [8]
W ith in  th e  G landula paro tidea, th e  N. fac ia lis  [VII] (-» Fig. 12.149) cre 
a tes  th e  P lexus in trap a ro tide u s  w h ich , fo r  c lin ica l purposes, is d iv ided  
in to  a R. te m p o ro fa c ia lis  (Pars te m p o ro fac ia lis ) and a R. ce rv ico fac ia lis

(Pars ce rv ico fac ia lis). These  tw o  parts  gene ra te  th e  te rm ina l b ranches 
o f th e  N. fac ia lis  [VII]: Rr. te m p o ra le s , zygom atic i, bucca les, m arg ina les 
m and ibu lae , and co lli. P ro jecting  do rsa lly  beh ind  th e  auric le  is th e  N. 
auricu la ris  p os te rio r, ano the r te rm ina l branch o f th e  N. fac ia lis  [VII],

b

Figs. 8 .82a and b Periphera l palsy o f th e  N. facia lis  [V II], le ft side.
a Upon th e  re q u e s t to  ra ise th e  e yeb ro w s , on ly  th e  le f t ha lf o f th e  

fo rehead  d isp lays  w r in k le s  (loss o f fu n c tio n  o f th e  M . o cc ip ito fro n ta - 
lis, s ign o f periphera l fac ia l nerve  palsy).

b Upon th e  re qu e s t to  t ig h t ly  s h u t bo th  eyes, th e  eye on th e  in jured 
s ide  fa ils  to  c lose  p rope rly  (lagophtha lm os). W h e n  c los ing  th e  eyes, 
th e  eyeba ll a u to m a tica lly  tu rn s  u pw ards . B ecause th e  eye lid  on th e  
a ffe c te d  s ide  fa ils  to  c lose  properly , th e  w h ite  sc lera  b eco m e s v is
ib le  (B E LL 's  phenom enon ).

i- Clinical Rem arks--------------------------------------
A p erip h era l facia l ne rve  palsy (-» Fig. 12.151) invo lves  dam age 
to  th e  2 nd m o to r neuron ; th is  dam age can be loca ted  a n yw h e re  be
tw e e n  th e  N ucleus nervi fac ia lis  and its  periphera l b ranches. Causes 
are m o s t fre q u e n tly  viral in fe c tio n s  o r ne rve  in ju ries  during  su rge 
ry on th e  paro tid  g land. The so-called centra l (supranuclear) lesion 
o f th e  N. fac ia lis  [VII] (cen tra l facia l nerve  palsy) is th e  re su lt o f 
a dam age to  th e  1st m o to r neuron, m a in ly  caused  by  b leed ings or 
in fa rc tio n s  in th e  area o f th e  T rac tus  co rticon u c lea ris  o f th e  inner

capsu le  on th e  contra la te ra l s ide . A s  th e  Rr. te m p o ra le s  o f th e  N. 
fac ia lis  [VII] con ta in  fib re s  derived  fro m  th e  nucle i loca ted  on the  
con tra - and ips ila te ra l s ide , th e  m u sc le s  o f th e  fo re h ea d  and th e  M . 
o rb icu la ris  ocu li in th e  upper eye lid  region  can still c o n tra c t on  both  
s ides. F low ever, on th e  contra la te ra l s ide  th e  m u sc le s  innerva ted  by 
th e  Rr. zygom a tic i, bucca les, m arg ina les  m and ibu lae , and co lli are 
para lysed (so-called lo w e r fac ia l nerve  palsy).

Rr. temporales

Rr. colli

N. auricularis posterior

(R. temporofacialis) 

cervicofacialis)

Glandula parotidea

Rr. zygomatici

Rr. buccales

marginales mandibulae
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Skin innervation

N. supraorbitalis 

N. supratrochlearis 

N. lacrimalis

N.

R. zygomaticotemporalis 

R. nasalis externus

N.

R. zygomaticofacialis

N. mentalis

N. alveolaris inferior

N. lingualis

Fig. 8 .83  B ranches o f th e  N. tr ig e m in u s  [V ], le ft side;
la tera l v ie w . [8]
Upon e x it fro m  th e  c ran ium , th e  th re e  m a jo r b ranches o f th e  N. tr ig e m i
nus [V], N. o ph tha lm icu s  [V/1], N. m axilla ris  [V/2], and N. m and ibu la ris  
[V/3], su bd iv ide  in to  sm a lle r b ranches in a sp ec ific  to p o g ra p h ic  o rder. 
V is ib le  b ranches o f th e  N . o p h th a lm ic u s  [V /1 ]  are th e  Nn. suprao rb ita 
lis, sup ra troch lea ris , lacrim a lis , in fra troch lea ris , and R. nasalis e x te rnus.

The  N . m ax illa ris  [V /2 ]  p rov ides th e  Nn. in frao rb ita lis  and zyg om a ticus  
w ith  its  Rr. zyg om a tico te m p ora lis  and zygom a tico fac ia lis  as s h o w n  in 
th e  im age . B ranches o f th e  N. m an d ib u la ris  [V /3 ]  are th e  Nn. bucca
lis, lingualis, a lveo laris  in fe rio r, and a uricu lo tem pora lis . W h e n  leaving 
th e  Canalis m and ibu lae , th e  N. m e n ta lis  re p re se n ts  th e  te rm ina l branch 
o f th e  N. a lveo laris  in fe rio r.

N. occipitalis major

N. ophthalmicus [V/1]

N. maxillaris [V/2]

N. mandibularis [V/3]

Fig. 8 .84  S kin  in n e rv a tio n  o f th e  head a nd  neck, r ig h t side; lateral 
v iew .
The  v ie w  fro m  ve n tra l is d ep ic te d  in - *  F igure 12.146.

r -  Clinical Rem arks--------------------------------------
A s part o f th e  physica l exam ina tion  o f a pa tien t, th e  N. tr ig e 
m inu s  [V] is te s te d  by app ly ing  p ressu re  on th e  th re e  e x it po in ts  
(tr ig e m in a l pressure po in ts ). P atien ts  shou ld  n o t s h o w  s igns 
o f increased  s e n s itiv ity  o r pain a t th e  Foram en su pra o rb ita le /ln - 
c isura  supraorb ita lis , Foram en in frao rb ita le , o r Foram en m enta le .

Trig em in a l neura lg ia  (tic  dou loureux) is a c o m p le x  and pa in fu l dys
fu n c tio n  o f th e  se nso ry  tr ig e m in a l roo t. Typ ica lly  loca ted  in th e  in
nerva tion  areas o f th e  N. m and ibu la ris  [V /3] and N. m axilla ris  [V/2], 
th e  facia l pain can be in ten se  and o ccur q u ite  sudden ly . Touch o f the  
skin  in th e  co rrespond ing  facia l areas o fte n  tr ig g e rs  an a ttack.



Lymph vessels and lymph nodes of the head

Head O verview  -» Skeleton and jo in ts  -► Muscles -► Topography

Nodi lymphoidei submandibulares

Nodi lymphoidei submentales Nodi lymphoidei occipitales

M. sternocleidomastoideus 

M. splenius capitis

Nodi lymphoidei cervicales laterales, 
Nodi lymphoidei superficiales

M. levator scapulae

N. accessorius [XI]

M. scalenus medius 

M. trapezius

Nodi lymphoidei cervicales laterales, 
Nodi lymphoidei profundi superiores

M. omohyoideus, Venter superior

Nodi lymphoidei cervicales laterales, 
Nodi lymphoidei profundi inferiores

Nodus lymphoideus juguloomohyoideus

A. carotis communis

Nodi lymphoidei parotidei superficiales

Nodus lymphoideus buccinatorius 

Nodus lymphoideus facialis Nodi lymphoidei mastoidei

M. digastricus, Venter anterior
Nodus lymphoideus 
jugulodigastricus

M. scalenus anterior M. omohyoideus, Venter inferior

V. jugularis interna M. scalenus posterior

Nodus lymphoideus cervicalis lateralis, 
Nodus lymphoideus profundus inferior

Plexus brachialis,
Pars supraclavicularis

Fig. 8 .85  S up erfic ia l lym p h  vessels, Vasa lym p h atica  
superfic ia lia , and lym p h  nodes, N o d i ly m p h o id e i, o f th e  head and  
neck o f a child , le ft side; la tera l v iew .
The  reg ion a l N odi lym ph o id e i su bm e n ta les , subm and ibu la res , paro- 
tide i, m a s to id e i, and occ ip ita les  c o lle c t th e  lym p h a tic  flu id  o f th e  face, 
sca lp , and o cc ip u t. From  here, th e  lym ph  is d ra ined in to  superfic ia l 
(N od i ly m p h o id e i cervicales la te ra les  superfic ia les ) and deep  ce rv i
cal lym ph  nodes (N od i ly m p h o id e i cerv ica les la te ra les  p ro fu n d i su
periores and in ferio res , -» Fig. 11.75).
An im p o rta n t deep  cerv ica l lym ph  node is th e  N odus lym ph o id e u s  ju g u 
lod igastricus , loca ted  b e tw e e n  th e  a n te rio r m arg in  o f th e  M . s te rn o 
c le id o m a s to id eu s  and th e  m and ibu la r ang le  a t th e  lo w e r b o rde r o f th e  
G landula paro tidea.
The  Nodi lym pho ide i pa ro tide i are d iv ided  in to  superfic ia l (N od i ly m 
ph oid ei p a ro tid e i superfic ia les) and deep  (N o d i ly m p h o id e i p a ro 
tid e i p ro fu n d i) nodes. The  la tte r inc lude  th e  N od i lym pho ide i pre- 
auricu la res, in fraauricu la res, and intrag landu la res. In add ition , th e re  are 
iso la ted  facia l lym ph  nodes (N odi lym ph o id e i fac ia les: Nodi lym pho ide i 
bucc ina to rius , nasolabia lis, m and ibu la ris , m alaris) and lym ph  nodes o f 
th e  to n g u e  (Nodi lym ph o id e i linguales).

Lym ph N o d es  o f th e  H ead (N od i ly m p h o id e i capitis)

•  N od i lym pho ide i occ ip ita les

•  N od i lym pho ide i m a s to id e i

•  N od i lym ph o id e i pa ro tide i su pe rfic ia les

•  N od i lym pho ide i pa ro tide i p ro fund i
-  Nodi lym pho ide i p reauricu la res
-  Nodi lym pho ide i in fraauricu la res
-  N od i lym pho ide i in trag landu la res

•  N od i lym pho ide i fac ia les
-  N odus lym ph o id e u s  b ucc ina to rius
-  N odus lym ph o id e u s  nasolabia lis
-  N odus lym ph o id e u s  m alaris
-  N odus lym ph o id e u s  m and ibu la ris

•  N od i lym pho ide i su bm e n ta les

•  N od i lym pho ide i subm and ibu la res

•  N od i lym pho ide i linguales

dissect i on l ink
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Deep lymph vessels of the neck

M. sternocleidomastoideus

Glandula parotidea

Nodi lymphoidei parotidei profundi

Ductus lymphaticus dexter

V. brachiocephalica dextra

Nodi lymphoidei cervicales laterales, 
Nodi lymphoidei profundi superiores

M. mylohyoideus

M. splenius capitis M. digastricus, 
Venter anterior

M. levator scapulae Nodi lymphoidei 
submentales

M. scalenus medius

M. scalenus anterior

V. jugularis interna 

Glandula thyroidea 

Nodi lymphoidei thyroidei

A. subclavia dextra V. subclavia dextra

Nodi lymphoidei cervicales laterales, 
Nodi lymphoidei profundi inferiores

Nodi lymphoidei retropharyngeales 

A. carotis communis

Nodi lymphoidei cervicales 
anteriores profundi

Fig. 8 .86  D eep  lym p h  nodes o f th e  neck, N o d i ly m p h o id e i 
cerv icales p ro fu n d i, r ig h t side; la tera l v iew .
C ervica l lym ph  nodes o f bo th  th e  a n te rio r (N odi lym pho ide i ce rv ica les  
an te rio res) and latera l (Nodi lym ph o id e i ce rv ica les  latera les) aspe c ts  o f 
th e  neck are d iv ided  in to  a superfic ia l and deep  lym ph  node  c o m p a rt
m e n t. The  N od i lym ph o id e i in frahyo ide i w ith  th e  Nodi lym ph o id e i prela- 
ryngei, th e  Nodi lym ph o id e i th y ro id e i, Nodi lym ph o id e i p re trachea les, 
Nodi lym ph o id e i para tracheales, and Nodi lym ph o id e i re tropha ryngea 
les c o n s titu te  th e  a n te rio r deep  cerv ica l lym ph  nodes (N odi lym pho ide i 
ce rv ica les  an te rio re s  p rofund i).

The la te ra l deep  ce rv ica l lym ph  nodes (N odi lym pho ide i ce rv ica les  la te 
ra les p ro fund i) are d iv ided  in to  an u p per group  (Nodi lym ph o id e i p ro 
fu n d i supe rio res), co m po se d  o f th e  N odus lym ph o id e u s  jugu lod igas tri- 
cus, N odus lym ph o id e u s  la tera lis and N odus lym ph o id e u s  ante rio r, and 
a lo w e r group  (Nodi lym ph o id e i p ro fu nd i in fe rio res) w ith  th e  Nodus 
lym ph o id e u s  jug u lo o m o h yo id e u s , N odus lym ph o id e u s  latera lis, and 
Nodi lym ph o id e i an te rio res . In a dd ition , th e re  are th e  N od i lym pho ide i 
suprac lav icu la res and th e  N od i lym ph o id e i accessorii (in associa tion  
w ith  th e  N. accessorius  [XI]) w ith  th e  N od i lym pho ide i re tropha ryn 
geales.

dissect i on l ink
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Nasal skeleton

Os nasale

(Cartilago nasi lateralis)

Cartilagines nasi accessoriae

Cartilago septi nasi

Cartilago alaris major,
Crus laterale

Cartilago alaris major,
Crus mediale

Fig. 8 .87  N asal ske leto n ; fro n ta l v iew .
The  nasal ske le to n  c o n s is ts  o f a b ony  and a ca rtilag inous part. C onnec
tiv e  tis s u e  fix e s  th e  ca rtilag inous p a rt to  th e  A p e rtu ra  p ir ifo rm is  w h ich  
is co m p o se d  o f th e  O s nasale and M axilla . The ind iv idua l e le m e n ts  con 
s is t o f hyaline cartilage and are linked  by co nn e c tive  tissu e . The  upper  
la te ra l or tr ia n g u la r  ca rtila g e  (Cartilago nasi la tera lis , C artilago tr ia n 

gularis) fo rm s  th e  ro o f; th e  nasal tip  or m a jo r  a la r ca rtila g e  (Cartilago 
a laris m ajor) w ith  a C rus la tera le  and a C rus m ed ia le  c re a te s  th e  nasal 
w in g s . In add ition , tw o  sm a lle r a la r cartilages  (C artilagines alares m i
nores) e x is t b ila tera lly. A t its  b o tto m  and centra l part, th e  ca rtilag inous 
p a rt o f th e  nasal s e p tu m  (Cartilago se p ti nasi) su p p o rts  th e  nasal ske le 
ton .

Cartilagines 
alares minores

Cartilago alaris 
major, Crus laterale

Cartilago septi nasi Ala nasi

Cartilago alaris major,
Crus mediale

Cartilago alaris major,
Crus laterale

Sutura frontonasalis

Sutura frontomaxillaris

Maxilla, 
Proc. frontalis

(Cartilagines 
nasi laterales)

Cartilago septi nasi
Cartilago alaris 
major, Crus mediale

Sutura
nasomaxillaris

Os nasale

Fig. 8 .88  N asa l cartilages, C artilag in e s  nasi; in fe r io r v iew .
The  v ie w  fro m  b e lo w  s h o w s  th e  nasal o rif ice s  (Nares) w h ic h  are de line 
a ted  by  th e  tw o  crura o f th e  m a jo r a lar cartilage (Crus m ed ia le  and Crus 
latera le  o f th e  C artilago alaris m ajor). In th e  centra l lo w e r reg ion , th e  
ca rtilag inous part o f th e  nasal se p tu m  is v is ib le  (Cartilago s e p ti nasi).

Fig. 8 .89  N asa l ske le to n ; fro n ta l v ie w  fro m  th e  r ig h t s ide.
The ca rtilag inous nasal ske le to n  a ttaches  to  th e  A p e rtu ra  p ir ifo rm is  by 
co nn e c tive  tissu e . The  C artilag ines nasi la tera les, a lares m a jo res , alares 
m ino re s  and th e  C artilago se p ti nasi are v is ib le . There  is connec tive  
tis s u e  w ith in  th e  non-ca rtilag inous nasal areas.

i- Clinical Rem arks--------------------------------------
S pec ific  c lin ica l te rm s  are o fte n  used; co lu m ella  (an te rio r part o f 
th e  nasal se p tu m  b e tw e e n  th e  nasal t ip  and th e  P h iltrum ), th e  " k e y 
s tone  a rea"  (w he re  th e  O s nasale overlaps  th e  latera l cartilages), a 
s o ft tr ia n g le  (skin area a t th e  upp e r rim  o f th e  nostril, c lose  to  th e  
p o in t w h e re  th e  C rus m ed ia le  bends to  beco m e  th e  C rus laterale; 
th is  c artila g e -fre e  area is co m po se d  e xc lu s ive ly  o f a skin  dup lica
tion ), th e  "s u p ra tip  a re a "  (on th e  b ridge  o f th e  nose ju s t above  th e  
tip ), and th e  w e a k  tr ia n g le  (s im ila r to  th e  "s u p ra tip  a rea " s ince  here

th e  bridge  o f th e  nose  is exc lu s ive ly  fo rm e d  by  th e  se p tu m ). These 
des igna ted  areas are im p o rta n t landm arks th a t requ ire  specia l a tte n 
tio n  by  th e  rh inop las tic  su rgeon .
A  haem atom a of the  nasal septum  (e.g., as a result o f a fractured nose) 
requires an im m ediate  decom pression o r relieve by puncture  o r an inci
sion and nasal tam ponade as o the rw ise  the  cartilage w ill becom e ne
crotic.
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Cartilago septi nasi, 
Proc. posterior

Cartilago alaris major, 
Crus mediale

Spina nasalis anterior 

Maxilla, Proc. palatinus 

Fossa incisiva; Canalis incisivus 

(Sutura vomeromaxillaris)

Nasal septum

Lamina et Foramina cribrosa

Sinus sphenoidalis

Vomer

Hamulus pterygoideus

Sutura palatina transversa

Os ethmoidale,
Lamina perpendicularis

Cartilago septi nasi

Fig. 8 .90  N asa l s ep tu m . S e p tu m  nasi; v ie w  fro m  th e  righ t s ide . o f th e  nasal se p tu m  (top), co m p o se d  o f th e  Lam ina perpend icu la ris  o f
The  C artilago se p ti nasi fo rm s  th e  fro n ta l p a rt o f th e  nasal s e p tu m  and th e  O s e th m o id a le , and th e  V o m e r (bo ttom ),
e x te n ds  as a long ca rtilag inous Proc. p os te rio r b e tw e e n  th e  b ony  parts

Os ethmoidale, 
Lamina perpendicularis

Cartilago septi nasi

Vomer

Maxilla, Proc. palatinus, 
Crista nasalis

Fig. 8.91 In ferio r nasal concha. C oncha nasalis  in ferio r, le ft side;
fro n ta l se c tion  a t th e  leve l o f  th e  initia l p a rt o f th e  Proc. p o s te rio r o f 
th e  C artilago se p ti nasi; fro n ta l v iew .
Th is  se c tion  d e m o n s tra te s  th e  th in  bony ske le to n  o f th e  in fe rio r nasal

concha  (Concha nasalis in fe rio r) w h ic h  is co ve re d  by a vascu la r p lexus 
(P lexus cavernosus) co m po se d  o f a n e tw o rk  o f specia lised  a rte ries  and 
ve ins . C ilia ted  e p ith e liu m  and in te rsp e rse d  se rous g lands (G landulae 
nasales) co ve r th e  su rfa ce  o f th e  nasal concha.

i- Clinical Rem arks--------------------------------------
A  ch a ra c te ris tic  fe a tu re  o f th e  nasal m ucosa  is a den se  su be p ith e - 
lial p lexus o f venous s inuso ids . D epend ing  on th e  particu la r s ta te  
o f sw e llin g , app ro x im a te ly  35%  o f  th e  nasal m ucosa  is com posed  
o f vascu la r p lexuses. The  h ig h e s t d e n s ity  o f subep ithe lia l venous 
p lexuses is fo u n d  a t th e  lo w e r and m idd le  nasal conchae and the  
K IESSE LBAC H 's area o f th e  nasal se p tu m .

S om e 8 0 %  o f all hum ans d isp lay a nasal cycle: th is  re fe rs  to  spon 
ta n e ou s  a lte rna ting  changes in th e  sw e llin g  o f th e  nasal m ucosa  in 
th e  tw o  nasal passages las ting  2 -7  hours. Th is  a lte rna ting  sw e llin g  
re su lts  in a 3 -fo ld  increase o f th e  a irw ay  res is tance  in th e  particu la r 
nasal passage during  nasal b rea th ing  w h ile  th e  to ta l nasal a irw ay  
res is tance  rem a ins  unchanged.

Concha nasalis inferior

Glandulae nasales

Concha 
nasalis media

Plexus
cavernosus
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Nasal cavity

Concha nasalis media

Concha nasalis inferior

Limen nasi

Vestibulum nasi

Recessus pharyngeus

Tonsilla pharyngea

Torus tubarius

Ostium pharyngeum tubae — 
auditivae [auditoriae]

Nn. olfactorii [I], Fila olfactoria 

Bulbus

Tractus olfactorius 

Sella turcica

Sinus sphenoidalis

Fig. 8 .92  Latera l w a ll o f th e  nasal cavity, C av itas  nasi, le ft side;
la tera l v iew .
The  latera l w a ll o f th e  nasal ca v ity  is m a in ly  occup ied  by  th e  in fe rio r 
(Concha nasalis  in ferio r) and m idd le  nasal conchae  (Concha nasalis  
m ed ia). The su pe rio r nasal concha (Concha nasalis superio r) is sm a ll 
and loca ted  in c lose  v ic in ity  to  th e  o lfa c to ry  region  at th e  nasal roof. 
Here, th e  Fila o lfac to ria  o f th e  B u lbus o lfac to riu s  p en e tra te  th e  Lam ina 
crib rosa  and reach th e  n e ighbou ring  m ucosa , inc lud ing  th e  m ucosa  o f 
th e  upp e r nasal concha.

Keratin ised  s tra tifie d  squam ous  e p ith e liu m  covers  th e  V estib u lu m  
nasi. A t th e  L im en  nasi, th e  ep ithe lia l layer tra n s fo rm s  in to  non-kera ti- 
n ised s tra tifie d  squam ous  e p ith e liu m  and th e n  in to  c ilia ted  pseudos tra 
tif ie d  co lu m n a r e p ith e liu m . An im ag ina ry  line fro m  th e  in fe rio r nasal 
concha p ro je c ts  to  O s tiu m  pha ryngeum  o f th e  Tuba aud itiva . A b o ve  th e  
O s tiu m  a t th e  pharyngea l ro o f lies Tonsilla  pharyngea.

Access routes to:
1 Sinus frontalis
2 Ductus nasolacrimalis
3 Cellulae ethmoidales 

anteriores
4 Sinus maxillaris
5 Cellulae ethmoidales 

posteriores
6 Sinus sphenoidalis

Cellula ethmoidalis 
posterior

Sinus sphenoidalis

Tonsilla pharyngea

Palatum molle

Fig. 8 .93  N asa l cav ity , C av itas  nasi, and e n tran ce  in to  th e  
paranasa l sinuses. S inus paranasa les , le ft side; v ie w  fro m  th e  righ t 
s ide.
Beneath  th e  an te rio r th ird  o f th e  in fe rio r nasal concha, th e  D uc tus  naso
lacrim a lis  opens in to  th e  lo w e r nasal m e a tu s  (purp le  probe). Beneath 
th e  m idd le  nasal concha, th e  o pen ings  o f th e  S inus fro n ta lis  (green

probe), S in us  m ax illa ris  (red probe), and C ellu lae  e th m o id a les  a n te 
rio res  (blue p robe) are loca ted . B enea th  and beh ind  th e  su pe rio r nasal 
concha, th e  C ellu lae  e th m o id a les  po sterio res  (ye llo w  p robe) and th e  
S inus spheno ida lis  (dark b lue  probe) open in to  th e  nasal cavity.

Sinus frontalis 

Os frontale

Concha nasalis superior 

Concha nasalis media

Os nasale

(Cartilago nasi lateralis) 

Limen nasi 

Vestibulum nasi

Palatum durum

Cartilago alaris major, 
Crus laterale

Concha nasalis inferior

Maxilla
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Paranasal sinuses

Lamina orbitalis, Os

Fig. 8 .94  P ro jection  o f th e  paranasa l s inuses o n to  th e  skull;
fro n ta l v iew . [8]
The  p ro je c tio ns  o f th e  S inus fro n ta le s  and m axilla res as w e ll as the  
C ellu lae  e th m o id a le s  are sh ow n .

ethmoidale

Sinus frontales

ethmoidales

Proc. alveolaris

Sinus maxillares

Concha nasalis media

Concha nasalis inferior

Sinus sphenoidalis

Concha nasalis superior 

Glandula pituitaria

Sinus frontalis

Fig. 8 .95  Location o f th e  S inus fro n ta lis  and S inus spheno ida lis  
in th e  sku ll, r ig h t side; v ie w  fro m  th e  le f t s ide . [8]
The  S inus spheno ida lis  is in c lose  to p o g ra p h ic  re la tionsh ip  to  th e  p itu i
ta ry  g land (G landula p itu ita ria ).

i- Clinical Rem arks-----------------------------------------------------------------------------------------------------------
The S in us  spheno ida lis  can e x te n d  in to  large areas o f th e  sphe - in ternae) and th e  N. o p ticu s  [II] (Tubercu lum  nerv i op tic i) because o f
noida l bone. D uring  su rg ica l in te rve n tio ns , th is  e x te n s ive  pneum a- th e ir  c lose  p ro x im ity  to  th e  latera l w a ll o f th e  s inus,
tisa tion  can endanger th e  A. ca ro tis  in te rna  (Tubercu lum  ca ro tid is
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Paranasal sinuses, radiography

Fig. 8 .96  Paranasal sinuses, S inus paranasales; radiograph o f th e  
sku ll w ith  o pened  m o u th  in pos te rio r-a n te rio r (PA) beam  p ro jec tion .

Clinical Remarks
C onven tiona l rad iog raphs p rov ide  a qu ick  o v e rv ie w  o f th e  s ta te  o f th e  
paranasal s inuses. H ow eve r, c o m p u te d  to m o g ra p h y  and m agne tic  
resonance  im ag ing  have la rge ly  rep laced X-ray im ag ing  as th e  diag- 
n o s tic to o l o f cho ice  in d e te rm in in g  in d ic a tio n s fo rsu rg ica l in te rve n tio n . 
S in us itis  is a fre q u e n t d isease . In ch ild ren , th e  e th m o id a l s inuses 
are m o s t fre q u e n tly  a ffe c te d , w h e re a s  in adu lts  an in fla m m a tio n

o f th e  m ax illa ry  s inu se s  is m o s t o fte n  observed . In fla m m atio n s  o f 
th e  e th m o id a l s inuses can break th ro u g h  th e  th in  Lam ina o rb ita lis  
(papyracea) o f th e  O s e th m o id a le  and spread in to  th e  o rb it o r  can 
reach th e  Canalis o p tic u s  fro m  th e  p o s te rio r e thm o ida l s inuses o r 
th e  spheno ida l s inus  and dam age th e  o p tic  nerve.
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Paranasal sinuses

Dura mater cranialis

Cellulae ethmoidales

Septum nasi

Concha nasalis media

Concha nasalis inferior

Sinus frontalis

M. obliquus superior

M. levator palpebrae superioris; 
M. rectus superior

Glandula lacrimalis

N. opticus [II];
V.; A. centralis retinae

rectus lateralis

M. rectus medialis

Corpus adiposum orbitae

M. rectus inferior

N. infraorbitalis

Sinus sagittalis superior

Galea aponeurotica

Sinus maxillaris
Dens molaris II 

A.; V. facialis 

Ductus submandibularis

Glandula sublingualis I I X bucc'nator

W y  /  /  \

/  /  /  1 T " " ’ §  \  Lingua

Platysma /  /  \  SV4 \

/  /  I \  'A .; V. lingualis
M. mylohyoideus \ \

I  I '  M. genioglossus
M. digastricus, Venter anterior M. geniohyoideus

Fig. 8 .97  Fron ta l section  th ro u g h  th e  head a t th e  level o f th e  
second upper m o lar; fro n ta l v iew .
This se c tion  em ph a s ises  th e  ind iv idua l b ila te ra l d iffe re n c e s  in th e  fo r 
m a tion  o f th e  se c tion e d  paranasal s inuses. On both  s ides, th e  d iffe re n t
ly shaped  S inus m axilla res d isp lay  variab le  d eg rees  o f co m pa rtm e n ta li-

sa tion . The  nasal se p tu m  dev ia tes  to  th e  le f t s ide  (sep tum  devia tion). 
A s  a resu lt, th e  lo w e r and m idd le  nasal conchae on th e  righ t s ide  are 
m arked ly  m o re  d eve loped  than  on th e  le f t  s ide . The  e th m o id a l ce lls 
s h o w  d iffe re n c e s  in shape b e tw e e n  th e  righ t and le f t s ide . In th e  le ft 
suprao rb ita l reg ion , part o f th e  S inus fro n ta lis  is v is ib le .

[- Clinical Rem arks--------------------------------------
D ue to  a se ve re  sep tu m  d e v ia tio n , nasal b rea th ing  can be m arked 
ly re s tr ic te d  and as a co nse q u en ce  headache, hyposm ia , o r even 
anosm ia  m ay occur. The  shape and size o f th e  paranasal s inu se s  is 
e x tre m e ly  variab le . Th is  a ccou n ts  fo r  in te rind iv idua l as w e ll as s ide 
d iffe re n c e s  w ith in  th e  sam e ind iv idua l and can inc lude  th e  co m p le te  
lack o f ind iv idua l s inuses (ap lasia).

H o w e ve r, ind iv idua l s inu se s  can reach e x tre m e  sizes. If th e  S inus 
fro n ta lis  e x te n d s  in an occ ip ita l d ire c tio n  w e ll beyond  th e  o rb ita l ro o f 
(Recessus su p rao rb ita lis ), th e  c lin ic ian  re fe rs  to  it as a dangerous 
fro n ta l s inus . A n  in fla m m a to ry  p rocess  o f th e  fro n ta l s inus can over
com e th e  th in  bony barrier and can spread in to  the  an te rio r cranial fossa 
and lead to  m e n in g itis , ep idu ra l abscesses, o r even  brain  abscesses.
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Development and clinics of the paranasal sinuses

Fig. 8 .98  D e v e lo p m e n t o f th e  m ax illa ry  and fro n ta l sinuses.
Y: year o f life.
A t  a bo u t 5 years  o f age, th e  deve lo p in g  fro n ta l s inus reaches th e  upper 
m arg in  o f th e  o rb it.

Cellulae ethmoidales -

Ostium

Sinus maxillaris

y

1900 / -0

Fig. 8 .99  C hronic  s inusitis ; corona l c o m p u te d  to m o g ra p h y  (CT) o f 
th e  paranasal s inuses; w h ite  a rro w s  ind ica te  a sw e llin g  o f th e  in flam ed  
m ucosa  in th e  righ t m ax illa ry  s inus and th e  os tium , w h ile  w h ite  a rrow  
heads p o in t to  a sw e llin g  o f th e  e th m o id a l ce lls . [17]

Clinical Remarks
The m idd le  nasal m e a tu s  is th e  endonasa l access ro u te  in paranasal 
su rge ry  fo r  th e  tre a tm e n t o f a ch ron ic  in fla m m a tio n  o f th e  fron ta l, 
m axillary , and an te rio r e thm o ida l s inuses. A n  unila te ra l in fla m m a 

tio n  o f th e  m ax illa ry  sinus o fte n  has an o do n to g e n ic  o rig in  (odon
to g e n ic  m ax illa ry  s inus itis ). C om m o n ly , th e  cause  is an in fla m m a tio n  
o f th e  second  p rem o la r o r th e  f ir s t  m o la r (-» Fig. 8.35).
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Paranasal sinuses

Recessus sphenoethmoidalis

Apertura sinus sphenoidalis

Infundibulum ethmoidale

Bulla ethmoidalis

Proc. uncinatus

Plica lacrimalis*

Hiatus semilunaris

Infundibulum maxillare

Fig. 8 .100  Latera l nasal w a ll , r ig h t side; v ie w  fro m  th e  le f t  s ide; 
nasal conchae  separa ted  fro m  th e  w a ll a t th e  base. [8]
The  D uc tus  naso lacrim a lis  ope n s  in to  th e  lo w e r nasal passage via th e  
Plica lacrim a lis  (H ASN ER 's va lve). B enea th  th e  m idd le  nasal concha, 
th e  H ia tus sem iluna ris  is s h o w n . The  Bulla e th m o id a lis  and th e  Proc. 
unc ina tus  are loca ted  above and b e lo w  th e  H ia tus sem iluna ris , respec

tive ly . P o s te rio r to  th e  su pe rio r nasal concha th e  R ecessus spheno 
e th m o id a lis  w ith  th e  open ing  o f th e  S inus spheno ida lis  (A pertu ra  s inus 
spheno ida lis , b lue  a rrow ) is located.

*  H A S N E R 's va lve

P aranasal S inuses -  C o m m o n  C lin ical Term s

A g g er nasi an a n te rio r e th m o id a l ce ll in f ro n t o f and su pe rio r to  th e  base o f th e  m idd le  nasal concha

H iatus  sem ilunaris a crescen t-shaped  and up to  3 cm  w id e  c le f t b e tw e e n  th e  Bulla e th m o id a lis  and th e  upp e r fre e  m arg in  o f 
th e  Proc. unc ina tus ; th e  H ia tus se m ilu na ris  p rov ides  access to  th e  In fu n d ib u lu m  e th m o id a le

In fu n d ib u lu m  e th m o id a le space  d e linea ted  by th e  Proc. unc ina tus , th e  Lam ina papyracea and th e  Bulla e th m o id a lis

Bulla e th m o id a lis an a n te rio r e th m o id a l ce ll above th e  H ia tus sem ilu na ris ; regu la rly  p re s e n t b u t m ay n o t be  fo u n d  in all cases

Proc. un cinatus a th in  lam e lla r bone o f th e  Os e th m o id a le  pa rtic ipa ting  in th e  fo rm a tio n  o f th e  m ed ia l w a ll o f th e  S inus 
m axilla ris  and c o n fin in g  th e  H ia tus sem iluna ris  a t its  a n te ro p o s te rio r a spect

Basal lam ella e m b ryo n ic  res idua l lam e llae  p re s e n t in th e  Os e th m o id a le  
There  are fo u r basal lam e llae  (BL):
•  1. BL: Proc. unc ina tus
•  2. BL: Bulla e th m o id a lis
•  3. BL: Concha nasalis m edia
• 4 . BL: Concha nasalis supe rio r

Fo ntane lle accesso ry  open ing  in th e  m ed ia l w a ll o f th e  S inus m axillaris

O s te o m e a ta l com plex genera l te rm  to  describe  th e  c o m p le x  a na to m y  in th e  area around  th e  H ia tus sem iluna ris

Recessus fro n ta lis a c le f t p rov id ing  a c o nn e c tio n  b e tw e e n  th e  S inus fro n ta lis  and th e  m ain nasal ca v ity  (D uctus  naso fron ta lis , 
Canalis naso fron ta lis )

HALLER's cell an e th m o id a l ce ll assuring  th e  pne u m a tisa tio n  o f th e  lo w e r o rb ita l w a ll (in frao rb ita l cell)

OIMODI's cell (spheno
e th m o id a l a ir cell)

a p o s te rio r e th m o id a l ce ll p ro trud ing  beyond  th e  S inus spheno ida lis

dissect i on l ink
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Arteries of the nasal cavity

Hiatus semilunaris 

Proc. uncinatus

Fig. 8.101 N asa l cav ity , C av itas  nasi, le ft side; transnasa l The exam in e r v ie w s  th e  head o f th e  m idd le  nasal concha (Concha na-
end o sco py  w ith  3 0° o p tics . salis m edia).

*  spatu la

Bulla ethmoidalis

nasalis media

A. ethmoidalis anterior, 
(R. nasalis externus)

A. ethmoidalis anterior

Concha nasalis media

A. ethmoidalis posterior 

Concha nasalis superior

A. sphenopalatina

A. ethmoidalis anterior, 
R. septalis anterior

A. ethmoidalis 
posterior, 

(R. septalis)

A. labialis superior, 
R. septi nasi

A. palatina major

A. labialis superior, 
R. septi nasi A. sphenopalatina, 

R. septalis posterior

Concha nasalis inferior

Locus
KIESSELBACHI

A. sphenopalatina,
Aa. nasales posteriores b
laterales

A. palatina major
A. nasopalatina

Figs. 8 .102a  and b A rte rie s  o f th e  nasal cavity. [8]
a la tera l w a ll o f th e  r ig h t nasal cav ity  
b nasal se p tu m  o f th e  r ig h t nasal cav ity
The  A . ca ro tis  ex te rna  p rov ides  th e  a rte ria l su pp ly  to  th e  nose. The Aa. 
e th m o id a les  a n te rio r and p o ste rio r fro m  th e  A . o ph tha lm ica  reach 
th e  latera l w a ll o f th e  nose  and th e  nasal se p tu m  by tra ve rs in g  th rough  
th e  an te rio r and p os te rio r part o f th e  O s e th m o id a le . A s  a te rm ina l 
branch o f th e  A . m axillaris , th e  A. sp h e n o p a la tin a  gains access to  th e

i- Clinical Rem arks--------------------------------------
The m o s t fre q u e n t loca tion  fo r  a nasal b leed ing  (epistaxis) is th e  
K IESSE LBAC H 's area a t th e  nasal se p tu m .
Basilar sku ll fra c tu re s  invo lv ing  th e  Lam ina crib rosa  can lead to  th e  
ru p tu re  o f th e  Aa. e th m o id a le s  a n te rio r and /o r p o s te rio r w ith  con 
se cu tive  nasal b leed ing .

nasal ca v ity  th ro u gh  th e  Foram en sphe n o pa la tinu m . There  are anasto 
m o ses  via a rte ria l vesse ls  o f th e  lip to  th e  A . fac ia lis . A t th e  nasal sep 
tu m , th e  A . sphenopa la tina  b eco m e s th e  A. n aso p a la tin a  w h ich  
passes th ro u gh  th e  C analis inc is ivus  to  reach th e  oral ca v ity  w h e re  it 
ana s tom o se s  w ith  th e  A. palatina m a jo r. The  K IESSE LBAC H 's area, an 
a rte rio ve n ou s  p lexus, is supp lied  by  th e  A . nasopalatina and th e  Aa. 
e th m o id a le s  an te rio r and poste rio r.

In th o s e  cases o f nasal b leed ing  w h e re  a nasal ba lloon tam p o na d e  is 
u nsuccess fu l, th e  A . sphenopa la tina  has to  be liga ted .

dissect i on l ink
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Veins and nerves of the nasal cavity

*  c o nn e c tin g  ve in  to  th e  S inus sag itta lis  su pe rio r via th e  Foram en 
caecum  (only p re s e n t du ring  ch ildhood)

Fig. 8 .103 Veins o f th e  nasal cav ity , r ig h t side; v ie w  o n to  the  
latera l nasal w a ll. [8]
The  b lood is d ra ined via th e  Vv. e th m o id a les  a n te rio r a nd  p o ste rio r
to  th e  S inus cavernosus a t th e  base o f th e  sku ll, via th e  V. spheno- 
p a la tin a  to  th e  P lexus p te ryg o id eu s  in th e  Fossa in fra te m p o ra lis , and 
via th e  c o nn e c tio n  to  th e  Vv. lab iales  to  th e  V. fac ia lis .

V. labialis 
superior

sphenopalatina

V. ethmoidalis anterior

V. ethmoidalis posterior

N. infraorbitalis, 
Rr. nasales interni

N. ethmoidalis anterior

Bulbus olfactorius

N. olfactorius [I]

Foramen
sphenopalatinum

N. ethmoidalis
R. nasalis externus

N. ethmoidalis anterior, 
(R. septalis)

N. olfactorius 
Fila

N. maxillaris, 
[V/2], Rr. nasales 
posteriores 
superiores 
laterales

N. nasopalatinus

palatinus major,
Rr. nasales posteriores 
inferiores

N. alveolaris superior

Figs. 8 .104a  and b In n erva tio n  o f th e  nasal cav ity . [8 ]

a la tera l w a ll o f th e  righ t nasal cav ity  
b nasal se p tu m  o f th e  righ t nasal cav ity
S ensory  inne rva tion  o f th e  nasal m ucosa  is p rov ided  by  b ranches o f the  
N. tr ig e m in u s  [V]: N. o ph tha lm icu s  [V/1] -» N. e th m o id a lis  a n te rio r and

N. m axilla ris  [V /2] - *  Rr. nasales, N. nasopa la tinus. The N . o lfac torius  
[I ]  inne rva tes  th e  o lfa c to ry  area. The  N . nasopa la tin us  runs a longside  
th e  nasal s e p tu m  th ro u g h  th e  C analis inc is ivus , and inne rva tes  th e  m u 
cosal area o f th e  hard palate th a t s tre tc h e s  fro m  th e  backside  o f th e  
inc iso rs to  th e  can ine  te e th .

i- Clinical Rem arks--------------------------------------
A s th e  nasal m ucosa  rece ives  rich se nso ry  inne rva tion , each m ani
pu la tion  in th e  nose  can cause  e x tre m e  pain se nsa tions . Brain in
ju rie s  w ith  dam age to  th e  Fila o lfac to ria  can re su lt in a n o sm ia  (the 
p a tie n t is unable to  sm ell).
R up tu re  o f th e  Dura m a te r can cause a cerebrosp ina l flu id  rh inor-

rhea. A  c lea r tra n sp a re n t flu id  d rops fro m  th e  nose  o f th e  pa tien t. 
The d iagnos is  o f ce reb rosp ina l flu id  is c o n firm e d  by  th e  d e te c tio n  o f 
g lu co se  us ing  g lu co se  te s t s trips . A  surgica l in te rve n tio n  is m anda
to ry  to  p reve n t an in fec tio n .

dissect i on l ink



Head O verview  -► Skeleton and jo in ts  -► Muscles -► Topography

M. hyoglossus

Os hyoideum

Fig. 8 .105 O ra l cav ity , C av itas  oris , r ig h t s ide; v ie w  fro m  th e  le f t th e  m uscu la r f lo o r  o f th e  m o u th  (b o tto m , caudal), and th e  pa la te  (top, 
s ide . cranial).
The  m arg ins o f th e  oral ca v ity  are th e  lips (anterior), th e  ch ee ks  (lateral),

Frenulum labii superioris

Uvula palatina

Fossa supratonsillaris

Pars oralis pharyngis

Dorsum linguae

Gingiva

Vestibulum oris

Palatum durum, Raphe palati

Palatum molle [Velum palatinum] 

eus palatopharyngeus 

buccinator 

eus palatoglossus 

Platysma 

Bucca

Tonsilla palatina

Isthmus faucium

Frenulum labii' inferioris

Proc. pterygoideus, Lamina medialis 

Hamulus pterygoideus

Oral cavity

M. pterygoideus 
medialis

Ramus mandibulae

Proc. styloideus

Raphe pterygomandibularis 

Lig. stylohyoideum

Lig. stylomandibulare 

M. stylohyoideus

M. longus capitis

M. digastricus

Os hyoideum, 
Cornu majus

Vibrissae

Palatum durum

M. orbicularis oris 

Glandulae labiales

M. buccinator

M. genioglossus

Mandibula

M. mylohyoideus

M. geniohyoideus

tensor veli palatini

Tonsilla pharyngea

M. pterygoideus lateralis 

Lig. sphenomandibulare

Fig. 8 .106  O ral cavity; C av itas  oris; fro n ta l v ie w ; m o u th  open.
The  oral ope n ing  (R ima oris) re p re se n ts  th e  en trance  to  th e  d ig e s tive  
tra c t and th e  oral cavity. The la tte r is d iv ided  in to  a ve s tib u le  (V estibu
lum  o ris) and th e  c a v ity  p rope r (Cavitas oris  propria). The  bo rde rs  o f th e  
V estib u lu m  oris are th e  lips and cheeks a t th e  o u ts id e  and th e  a lveolar 
p rocesses and te e th  at th e  ins ide . W ith  th e  occ lus ion  o f te e th , a space 
beh ind  th e  las t m o la r to o th  on each s ide  (S patium  re trom o la re ) a llo w s

access to  th e  oral cavity. In th e  region  o f th e  o ropharyngea l is th m us  
(Is thm us  fa u c iu m ) th e  oral ca v ity  b eco m e s th e  Pars ora lis  o f th e  Pha
rynx (O ropharynx). The  e xc re to ry  d u c ts  o f n um e ro u s  sm a lle r sa livary 
g lands and th o s e  o f th e  th re e  paired large sa livary g lands all drain  in to  
th e  V e s tib u lu m  o ris  and th e  C avitas o ris  propria . The  b ody  o f th e  to n g ue  
(C orpus linguae) fills  large parts  o f  th e  ins ide  o f th e  oral cavity.
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Dental arches

Dens incisivus medialis 

Dens incisivus lateralis

Dens caninus

Dens premolaris I

Dens premolaris II

Foramen incisivum

Dens molaris I

Dens molaris II
vestibular

Dens molaris III 
(serotinus)

Foramen 
palatinum majus

Fig. 8 .107 U p p er den ta l arch . A rcus d e n ta lis  m ax illa ris  
[superior].
The te e th  (D entes) are a rranged in tw o  den ta l a rches, th e  upper (Arcus 
den ta lis  m axilla ris  o r superio r) and th e  lo w e r den ta l arch (Arcus den ta lis  
m and ibu la ris  o r in fe rio r), and are anchored  in th e  upper and lo w e r jaw .

D en titio n  in th e  hum an is he te ro d o n t; th e  te e th  co m e  in charac te ris tic  
shapes as inc iso rs (Incis iv i), can ines (Canini), p rem o la rs  (P rem olares), 
and m o la rs  (M olares). Inc isors and can ine  te e th  are a lso nam ed fro n t 
te e th , w h e re a s  p rem o la rs  and m o la rs  are latera l te e th .

Foramen
mandibulae

Dens caninus

Dens molaris III 
[serotinus]

vestibular

Dens incisivus lateralis Dens incisivus medialis

Dens molaris II

Dens molaris I

Tunica mucosa oris, 
Gingiva

Dens premolaris II 

Dens premolaris I
Foramen mentale

Fig. 8 .108  L o w e r d e n ta l arch. A rcus d en ta lis  m an d ib u la ris  
[in ferio r].
W ith  one  e xcep tio n , th e  a rran g e m en t o f te e th  in th e  lo w e r den ta l arch 
is s im ila r to  th a t in th e  upper den ta l arch. For a p rec ise  ind ica tion  o f the  
"o ra l"  to p o g ra p h ic  re la tionsh ips , th e  te rm s  "p a la t in a l"  is used in the  
upp e r ja w  and " lin g u a l"  in th e  lo w e r jaw . The  G ing iva  o r g u m s  are the  
part o f th e  m ucosa l lin ing  o f th e  m o u th  w h ic h  covers  th e  a lveo lar bony

p rocesses and th e  in te rd e n ta l b ony  septa , kn ow n  as g ing iva l e m bra 
su re. In add ition , it covers  th e  cerv ica l part o f th e  to o th  and tra n s itio n s  
in to  th e  oral m ucosa l layer a t th e  M a rgo  g ing iva lis . The  G ingiva sup
ports  th e  anchorage  o f th e  te e th  and s tab ilises  th e ir  pos itio n  in th e  al
veo la r bone  (Pars fixa  g ing ivae); as part o f th e  oral m ucosa , th e  m argina l 
G ingiva fo rm s  th e  jun c tio n a l e p ith e liu m  w h ic h  is a ttached  to  th e  denta l 
su rfaces.
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Teeth, structure

Fig. 8 .109  Incisor, D ens incisivus.
Typ ica l fe a tu re s  o f each to o th  are  th e  c ro w n  
(Corona den tis ), th e  cerv ica l part (C ervix den- 
tis ), and th e  ro o t o f th e  to o th  (Radix den tis). 
The  cro w n  o f a to o th  is th e  v is ib le  p a rt o f a 
to o th , ris ing  above th e  G ingiva, and is covered  
w ith  enam e l (Enam elum ).
The  ro o t o f a to o th  s its  in th e  a lveo lar to o th  
s o c k e t (A lveo lus  denta lis), a ca v ity  in th e  Proc. 
a lveo laris o f th e  M axilla  and M and ibu la , and is 
covered  w ith  C e m e n tu m . P eriodonta l fib re s  
(P e riodon tium , D e sm o d o n tiu m ) ancho r the  
ro o t o f a to o th  in th e  a lveo lar bone. The  ce- 
m en to -e n a m e l ju n c tio n  (fre q ue n tly  abb rev i
a ted  as CEJ) loca tes  a t th e  cerv ical p a rt o f a 
to o th . Here, g ing iva l f ib re s  c o n n e c t th e  G ingi
va w ith  th e  ce m e n tu m  o f th e  to o th .
The  d ee p e s t p o in t in a to o th  is th e  ro o t apex  
(A pex radic is den tis ). A t th e  Foram en apic is  
d en tis , th e  den ta l papilla (Papilla den tis ) is per
fo ra te d  by th e  ro o t canal (Canalis radic is den
tis ) w h ic h  p rov ides  an access ro u te  fo r  b lood 
ve sse ls  and nerves to  th e  pu lp  ca v ity  (Cavitas 
den tis). The pu lp  c av ity  d iv ides  in to  th e  Cavi
tas pu lparis  (radicu lar pulp) and th e  C avitas 
coronae  (coronal pulp). The  pulp  (Pulpa den tis) 
co ns is ts  o f co nn e c tive  tissu e , con ta iing  b lood 
ve sse ls , lym ph  vesse ls , and nerves, and th u s  
n ou rishes th e  to o th . S im ila r to  th e  pu lp  cavity, 
one  can d is tin g u ish  b e tw e e n  rad icu la r (Pulpa 
radicu laris) and a co rona l pu lp  (Pulpa corona- 
lis). C o llec tive ly , th e  c e m e n tu m , d e s m o d o n ti
um , a lveo lar bone, and parts  o f th e  G ingiva are 
re fe rred  to  as th e  P arodon tium .

distal
distal —► mesial

Corona
dentis

Cervix
dentis

Radix _ 
dentis

Cementum
Radix
clinica

vestibular

Cavitas coronae; 
Pulpa coronalis

Periodontium
[Desmodontium]

Canalis radicis 
dentis;
Pulpa radicularis

Apex radicis dentis

Foramen apicis dentis

Corona
clinica

Margo gingivalis

Cavitas dentis; 
Pulpa dentis

Enamelum

Dentinum

Fig. 8 .110  P e rm a n e n t lo w e r can ine . Dens  
can inus perm anen s;
an exam p le  o f a to o th  w ith  one  root.

Fig. 8.111 Second dec iduous (m ilk ) m o la r  
to o th , D ens m olaris  deciduus;
an exam p le  o f a to o th  w ith  tw o  roo ts .

Fig. 8 .112  F irst p e rm a n e n t upper m o la r  
to o th . Dens m o la ris  prim us;
occlusa l su rfa ce  o f a m o la r to o th  w ith  a de
ta ile d  descrip tio n  o f th e  ind iv idua l parts.

i- Clinical Rem arks--------------------------------------
Fo rm , to p o g ra p h y , ru les  fo r  o rie n ta tio n
The m id line  is th e  re fe rence  line w h e n  describ ing th e  surface o f 
a to o th . D enta l s tru c tu re s  c lose s t to  th e  m id line  are nam ed m esial, 
th o se  loca ted  aw ay  fro m  th e  m id line  are nam ed d ista l. C on tac t are
as to  ne ighbouring  te e th  are d e fin e d  as Facies. N um ber, d im ens ion ,

and fo rm  o f th e  ro o ts  (Radices) are fu n c tio na lly  adap ted  to  th e  dental 
c row n . The m orpho logy o f th e  roots o f individual tee th  in deciduous and 
p e rm a n e n t d e n tit io n  is d if fe re n t and variab le . T ee th  w ith  a s ing le  roo t 
are th e  Incisivi, Canini, and prem o la rs. The upper p rem o la rs  I and th e  
lo w e r m ola rs have tw o  roo ts , and th e  upper m ola rs have th re e  roots.

(Facies contactus); 
Facies mesialis

Cuspis dentis

(Facies contactus); 
Facies distalis

Cuspis dentis

Tuberculum dentis

Facies lingualis

—► mesial
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Deciduous teeth

Dentes incisivi
Dens Dens Dens
caninus molaris I molaris II

41 4 wtf
i| i n n

Dentes incisivi Dens
caninus

Fig. 8 .113 M ilk  or dec iduous te e th , D en tes  dec idu i, o f a th re e  
y ea r old  ch ild ; v e s tibu la r v iew .

Dens Dens
molaris I molaris I

A  co m p le te  s e t o f m ilk  (dec iduous) te e th  is usua lly  p rese n t a t 30 
m o n th s  o f age.

Dens
incisivus lateralis

Dens
caninus

Dens 
molaris I

Dens
molaris

m

Dens Dens Dens
incisivus lateralis caninus molaris I

Dens 
molaris I

Fig. 8 .114  M ilk  o r dec iduous te e th , D en tes  dec idu i, o f a tw o  year  
old  child ; upper ro w , v e s tibu la r v ie w , lo w e r ro w , in fe rio r v ie w  in an 
o b lique  angle.

The  m edia l inc iso rs  are n o t s h o w n . In a tw o  year o ld  ch ild , th e  d eve lop 
m e n t o f th e  ro o ts  o f th e  te e th  is n o t co m p le te d  in num e ro u s  te e th . Th is 
p rocess is o n ly  co m p le te  a fte r  den ta l e rup tion .

P Clinical Rem arks----------------------------------------------
D en ta l fo rm u la
There  is an in te rn a tio na lly  a ccep ted  den ta l fo rm u la  w h ic h  is applied 
by  all d isc ip lines  o f den ta l m e d ic ine . Each ha lf o f a ja w  (q u ad ran t)  
is n um bered . S ta rting  fro m  th e  m id line , te e th  o f th e  p e rm a n e n t and right 
dec id u ou s  d e n tit io n  are n um b e re d  co n se cu tive ly  fro m  one  to  e igh t 
(p e rm a n e n t den tit io n ) and fro m  one  to  fiv e  (dec iduous den tit io n ), re
spective ly . The  d ig it o f th e  q uad ran t is fo llo w e d  by  th e  d ig it o f the  
to o th ; e .g ., th e  descrip tio n  11 (p ronounced : one  one) m eans th e  f irs t 
inc iso r in th e  righ t upper ja w  o f th e  p e rm a n e n t d e n tit io n ; th e  d ig its  
52 (p ronounced : fiv e  tw o )  m eans th e  second  inc iso r in th e  r ig h t up
p er ja w  o f th e  dec id u ou s  d en tit io n .

upper jaw

18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38

lower jaw

Dental Formula of Deciduous Dentition 

upper jaw

55 54 53 52 51 61 62 63 64 65
85 84 83 82 81 71 72 73 74 75

lower jaw
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Permanent teeth

A  f t  f t  A ji ft A A

I I !  I) I! V
Fig. 8 .115 P e rm a n e n t te e th , D en tes  perm a n e n te s ; oral v ie w . 1 Dens incisivus I 4 Dens premolaris I 7 Dens molaris ll

2 Dens incisivus II 5 Dens premolaris II 8 Dens molaris III
3 Dens caninus 6 Dens molaris I (serotinus)

A  M W  A A Ö A Ö

Fig. 8 .116  P e rm a n e n t te e th , D en tes  perm a n e n te s ; d ista l v ie w . 1 Dens incisivus I 4 Dens premolaris I 7 Dens molaris ll
2 Dens incisivus II 5 Dens premolaris II 8 Dens molaris III
3 Dens caninus 6 Dens molaris I (serotinus)

r- Clinical Rem arks----------------------------------
T e e th  are th e  m o s t re s is tan t s tru c tu re s  in th e  body and se rve  as 
im p o rta n t ev idence  in fo rens ic  m ed ic ine  fo r  th e  ide n tifica tion  
o f a v ic tim .
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Permanent teeth

i  à

» * h 'f
Fig. 8 .117 P e rm a n e n t te e th , D en tes  perm a n e n te s ; vestibu la r 
v iew .

1 Dens incisivus I
2 Dens incisivus II
3 Dens caninus

4 Dens premolaris I
5 Dens premolaris II
6 Dens molaris I

i
7 Dens molaris II
8 Dens molaris III 

(serotinus)

\i y it * y
Fig. 8 .118  P e rm a n e n t te e th , D en tes  perm a n e n te s ; m esia l v iew . 1 Dens incisivus I

2 Dens incisivus II
3 Dens caninus

4 Dens premolaris I
5 Dens premolaris II
6 Dens molaris I

7 Dens molaris II
8 Dens molaris III 

(serotinus)

P Clinical Rem arks--------------------------------------
•  E nv ironm enta l and g e n e tic  fa c to rs  can in flu e n ce  th e  d e n ta l d e 

v e lo p m e n t. R esu lting  d en ta l anom a lies  a ffe c t th e  s ize, fo rm , and 
n u m b e r o f te e th .

•  The adm in is tra tion  o f te tra c y c lin e s  (a m e m b e r o f th e  fa m ily  o f 
an tib io tics ) du ring  th e  phase o f den ta l d e v e lo p m e n t can re su lt in 
d isco lo u ra tio n  o f te e th  and enam e l d e fe c ts .

•  A lso  im p o rta n t are d isco lo u ra tio ns  o f te e th  and enam e l d e fe c ts  
caused  by  high doses o f flu o rid e s  in fo rm  o f ta b le ts  (den ta l flu o r
osis).

•  Enam el d e fe c ts  can p o in t to w a rd s  h ypo v ita m ino s is  D (rickets).
•  Residual e le m e n ts  o f th e  o do n to g e n ic  e p ith e liu m  can rem ain  as 

SERRE's bod ies, re m na n ts  o f th e  e p ithe lia l ro o t shea th  as e p ith e 
lial ce ll res ts  o f M ALASSEZ, and b o th  can g en e ra te  cys ts .
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Times of tooth eruption

Fig. 8 .119  U p p e r ja w . M a x illa , w ith  dec idu ous te e th , D en tes  
dec idu i, and th e  firs t p e rm a n e n t to o th ; le f t s ide : average tim e  o f 
to o th  e rup tion  in m o n th s  (M ); r igh t s ide : sequence  o f to o th  e rup tion . 
The  D e ve lo p m e n t o f p e rm a n e n t te e th  (re p la ce m e n t te e th ) and dec i

duous (m ilk) te e th  is s im ila r b u t happens a t d if fe re n t tim e s . The  tim e  o f 
e rup tion  and th e  sequence  at w h ic h  m ilk  te e th  appear in th e  oral cav ity  
is su b je c t to  s ig n ifica n t in te rind iv idua l d iffe re n ce s . H o w e ve r, a t 30  
m o n th s  o f age th e  s e t o f dec id u ou s  te e th  usua lly  w ill be co m p le te d .

Fig. 8 .120  U p p e r ja w . M a x illa , w ith  p e rm a n e n t te e th , D en tes  
perm a n e n te s ; le f t s ide : average  tim e  o f to o th  e rup tion  in years  (Y); 
r igh t s ide : sequence  o f to o th  e rup tion .
W ith  th e  e xcep tio n  o f th e  m o la r te e th , dec id u ou s  d e n tit io n  (firs t d en ti
tio n  w ith  20  te e th ) is s im ila r to  th e  p e rm a n e n t d e n tit io n  (second den ti-

tio n  w ith  32  te e th ). The sequence  o f e rup tio n  o f th e  p e rm a n e n t m ola rs 
is a lw ays  th e  sam e: f irs t m o la rs  w ith  s ix  years  o f age (6 -year m o la rs ), 
second  m ola rs w ith  tw e lv e  years o f age, and th ird  m o la rs  w ith  18 years 
o f age o r later.

i- Clinical Rem arks--------------------------------------
P e rio d o n to p ath ie s  are d iseases a ffe c tin g  th e  su pp o rtin g  s tru c tu re s  
o f th e  te e th . P aro don tos is  is a ch ron ic  d egenera tive  fo rm  o f pe rio 
don ta l d isease  and re su lts  in an increased  to o th  m o b ility  and to o th  
loss w ith  su b se q u e n t a trophy  o f th e  a lveo lar p rocess  caused by  th e  
dec line  o f th e  pe riodon ta l s u p p o rt sys te m .

S ys te m ic  a d m in is tra tion  o f flu o rid e  ions during  th e  tim e  o f enam e l 
fo rm a tio n  o f  th e  p e rm a n e n t te e th  increases th e  d ep o s ition  o f flu o -  
ra p a tite , instead  o f h yd roxyapa tite , resu lting  in a m o re  durab le  ena
m e l capable o f b e tte r re s is tin g  den ta l caries.
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Development of teeth

Dens caninus (deciduus) 

Dentes molares (decidui) 

Dentes molares (decidui)

Dens caninus (permanens)

Canalis mandibulae

Dens molaris (permanens) II 

Dens molaris (permanens) I 

Dentes premolares (permanentes)

Foramen mentale

Fig. 8.121 U p p er ja w . M a x illa , and lo w e r ja w , M a n d ib u la , o f a 
fiv e  year old  child; dec id u ou s  te e th  and p rim o rd iu m  o f th e  la te r 
p e rm a n e n t te e th .
H um an d e n tit io n  is d ip h yo do n t; th e re  are tw o  co nse cu tive  den tit io n s , 
kn ow n  as dec id u ou s  and p e rm a n e n t d e n tit io n . F irst, th e  20 m ilk  te e th

(D en tes  dec idu i) fo rm  in ch ild ren . D eve lo pm e n t and e rup tio n  o f th e  f irs t 
and second  d e n tit io n s  and th e  b ody  g ro w th  are syn chro n ised  in a tim e 
ly m anner. R esorp tion  o f th e  ro o t o f th e  m ilk  te e th  o ccurs  a t d if fe re n t 
tim e  po in ts .

Dens molaris III [serotinus]

Dens molaris III [serotinus]

Dentes premolares

Dens caninus

Dens molaris II

Dens molaris I

Dentes incisivi

Dens caninus

Dentes premolares, Radices

Foramen mentale

Fig. 8 .122  U p p er ja w . M a x illa , and lo w e r ja w , M a n d ib u la , o f a 20  
year old  person.
C om p le tion  o f th e  p e rm a n e n t d e n tit io n  re su lts  in up to  32  p e rm a n e n t 
te e th  (D en tes  pe rm anen tes ). The  th ird  m o la r (D ens m o la ris  te rtiu s , w is 
d om  to o th , D ens se ro tin u s ) has n o t y e t e ru p te d  in th e  lo w e r jaw . It can 
regress  o r m ay n o t have d eve loped  a t all (aplasia). U sually, th e  m o la r

te e th  e ru p t a p p ro x im a te ly  seven  m o n th s  ea rlie r in g irls  than  in boys. In 
bo th  sexes, th e  m o la r te e th  in th e  lo w e r ja w  e ru p t ea rlie r than m o la r 
te e th  in th e  M axilla . The  ro o ts  o f th e  d ec iduous te e th  requ ire  ano the r 
16 to  26  m o n th s  to  deve lop ; th e  ro o ts  o f th e  p e rm a n e n t te e th  are fu lly  
d eve loped  o n ly  a fte r  a n o th e r 1 .7 to  3 .5  years.
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Upper jaw, radiography and blood supply to the teeth

Meatus acusticus 
externus

ulum articulare

Canalis mandibulae
Os hyoideum

Dens caninus

Proc. condylaris

Sinus maxillaris

Palatum molle 
[Velum palatinum] Dens molaris II

molaris Iincisivus II incisivus I premolaris I premolaris II

Fig. 8 .123  U p p e r ja w . M a x illa , and lo w e r ja w , M an d ib u la , 
w ith o u t w is d o m  te e th ; pano ram ic  radiograph.

Vv. emissariae

A.; (V.) infraorbitalis 

A.; (V.) alveolaris superior anterior 

A.; (V.) alveolaris superior posterior

A. maxillaris 

V. maxillaris

Plexus pterygoideus

A. carotis externa

A.; (V.) alveolaris inferior

V. retromandibularis

V. jugularis externa 

V. jugularis interna

Fig. 8 .1 2 4  B lood supply  o f th e  te e th . [8 ]

The a rte ria l b lood  su pp ly  to  th e  upper latera l te e th  co m es  fro m  th e  
A. a lveo la ris  s uperio r p o ste rio r and to  th e  upp e r fro n t te e th  fro m  
th e  A . in fra o rb ita lis , both  b ranches o f th e  A . m axillaris . T e e th  and Gin

giva o f th e  lo w e r ja w  are supp lied  by  th e  A . a lveo la ris  in ferio r, w h ich  
runs in th e  C analis m and ibu lae . C on co m ita n t ve ins  drain  th e  b lood  in to  
th e  Plexus p te ryg o id eu s .
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Innervation of the teeth and Ganglion pterygopalatinum

N. lingualis

N. infraorbitalis N. ophthalmicus [V/1]

N. trigeminus [V]

Ganglion trigeminale 

N. maxillaris [V/2]

N. mandibularis [V/3]

N. alveolaris inferior

Fig. 8 .125 In n erva tio n  o f th e  te e th , le ft side; la tera l v iew .
The  N. m axilla ris  [V /2] and N. m and ibu la ris  [V /3] o f th e  N. tr ig e m in u s  [V] 
su pp ly  th e  se nso ry  inne rva tion  fo r  th e  te e th . The  te e th  o f th e  upper  
ja w  are inne rva ted  by  th e  P lexus den ta lis  su pe rio r w h ic h  is com posed  
o f th e  Rr. a lveo lares su pe rio res  p os te rio res , m ed ii, and an te rio re s  o f 
th e  Nn. a lveo lares su pe rio res  derived  fro m  th e  N. in frao rb ita lis . The 
te e th  o f th e  lo w e r ja w  are inne rva ted  by  th e  P lexus den ta lis  in fe rio r 
w h ic h  is c rea ted  by th e  Rr. den ta les  in fe rio re s  o f th e  N. a lveo laris  in fe 
rior. In add ition , th e  fro n t te e th  in th e  lo w e r ja w  are inne rva ted  by  th e  
N. m en ta lis . The  inne rva tion  o f th e  G ingiva is even  m o re  co m p le x  than 
th e  se nso ry  inne rva tion  o f th e  te e th . Here, th e  upp e r ja w  a lso rece ives 
se nso ry  fib re s  fro m  th e  N. o ph tha lm icu s  [V/1].

Plexus dentalis 
superior

Plexus dentalis inferior

Fig. 8 .126  G ang lio n  p te ryg o p a la tin u m .
S ensory  nerve  fib re s  run w ith in  th e  Rr. gang lionares o f th e  N. m axillaris  
[V /2] via th e  G anglion p te ryg op a la tin u m  to  reach th e  s o ft and hard pal
a te . P regang lion ic  p a ra sym p a th e tic  f ib re s  fro m  th e  N uc leus sa liva to rius  
su pe rio r reach th e  G anglion p te ryg op a la tin u m  via th e  N. fac ia lis  [VII] (N. 
in te rm e d ius ), th e  N. p e tro su s  m a jo r, and th e  N. cana lis p te ryg o id e i. In

th e  G anglion p te ryg op a la tin u m , th e se  p regang lion ic  p a rasym pa the tic  
fib re s  are synapsed  to  postg an g lio n ic  p a ra sym p a th e tic  f ib re s  w h ic h  in
nerva te  th e  lacrim a l g lands and g lands o f th e  nose and O ropharynx. 
These  g lands rece ive  postg an g lio n ic  s y m p a th e tic  fib re s  fro m  th e  N. pe
tro su s  p ro fu nd u s  w h ic h  runs th ro u gh  th e  G anglion p te rygopa la tinum  
and d erives  fro m  th e  N. ca ro ticu s  in te rn u s  (P lexus ca ro ticus  in ternus).

[- Clinical Rem arks--------------------------------------
Local in filtra tiv e  anaesth es ia  is requ ired  fo r  te e th  in th e  upper ja w  
s ince  te e th  and G ingiva in th e  upp e r ja w  rece ive  th e ir  innerva tion  
fro m  d if fe re n t ne rve  branches. A  un ila te ra l branch b lock anaesthe 
tis e s  th e  te e th  on th e  ips ila te ra l ha lf o f th e  M and ibu la  by b lock ing  th e  
se nso ry  im pu lses  o f th e  N. a lveo laris  in fe rio r s h o rtly  b e fo re  it en te rs

th e  Canalis m and ibu lae . B ecause th e  N. lingualis  is a lso anaesthe
tis e d  in th e  p rocess, th e  se nso ry  b lock  e x te n ds  to  th e  ipsila te ra l ha lf 
o f th e  to n g u e  w ith  th e  e xcep tio n  o f th e  tip  o f th e  to n g ue . Further, 
th e  ch in  and parts  o f th e  lo w e r lip are num b  s ince  all th e  te rm ina l 
b ranches o f th e  N. a lveo laris  in fe rio r are a lso anaesthe tised .

N. alveolaris superior medius

alveolaris superior anterior

Sinus maxillaris

N. infraorbitalis

Rr. alveolares 
superiores anteriores, 

Plexus dentalis superior

N. trigeminus [V]
Ganglion trigeminale

Rr. ganglionares [Radix sensoria]

N. petrosus profundus [Radix sympathica]

N. petrosus minor

N. petrosus major [Radix parasympathica] 

N. intermedius

Ganglion geniculi

N. facialis [VII]

Cavitas tympani 

Plexus tympanicus

N. glossopharyngeus [IX] 
N. vagus [X]

N. caroticus internus 

A. carotis interna 

N. canalis pterygoidei 

Ganglion pterygopalatinum 

Nn. alveolares superiores posteriores

N. infraorbitalis

Radix motoria 

N. mandibularis [V/3]

Rr. alveolares superiores medii

Rr. alveolares superiores posteriores
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Fossa pterygopalatina and Ganglion pterygopalatinum

Os zygomaticum

Proc. pterygoideus

Figs. 8 .127a  and b Fossa p te ryg o p a la tin a , le ft side; lateral v ie w ; 
co lo u r chart see ins ide  o f th e  back co ver o f th is  v o lu m e . [8] 
a o v e rv ie w  
b m agn ifica tion
The  Fossa p te rygopa la tina  re p re se n ts  a c o nn e c tin g  p o in t fo r  th e  s tru c 
tu re s  o f th e  ne rvous sys te m  o f th e  m idd le  cranial fossa , th e  o rb it, and 
th e  nose. M axilla , O s pa la tinum , and Os sp heno ida le  p a rtic ipa te  in de
fin in g  th e  m arg ins  o f th is  fossa . The  bo rde rs  o f th e  Fossa p te rygopa la 
tina  are fo rm e d  by  th e  T ube r m axillae  in its  an te rio r part, p os te rio r by

th e  Proc. p te ryg o id eu s , m ed ia l by  th e  Lam ina p e rp e n d ic u la rs  o f th e  Os 
pa la tinum , and cranial by th e  Ala m a jo r o f th e  Os spheno ida le . A  cranial 
passage leads to  th e  Fissura o rb ita lis  in fe rio r p rov id ing  access to  th e  
o rb it. The  p o s te rio r part o f th e  Fossa p te rygopa la tina  opens in to  the  
re tropha ryngea l space; its  lateral open ing  leads in to  th e  Fossa in fra te m - 
poralis.

*  V ID IA N  canal

Fossa pterygopalatina

Os sphenoidale, 
Ala major

Os palatinum,
Lamina perpendicularis

Maxilla
Tuber maxillae

Fissura orbitalis inferior

Foramen sphenopalatinum

Canalis
palatovaginalis

Foramen rotundum 

Canalis pterygoideus*

Canalis palatinus major

Foramen alveolare

Canalis
pterygoideus

R. zygomaticotemporalis

R. zygomaticofacialis

N. zygomaticus
R. nasalis posterior superior ■ , Foramen sphenopalatinum

N. pharyngeus Rr. orbitales. I I
N. pharyngeus

N. zygomaticus 

N. infraorbitalis

N. ophthalmicus [V/1]

Canalis palatovaginalis

Foramen rotundum

N. infraorbitalis N. maxillaris [V/2] N. maxillaris [V/2]

N. alveolaris 
superior medius superior posterior

paiain luo

major
Nn. palatini 
minores

N. alveolaris 
superior anterior

Ganglion
pterygopalatinum

Palatum molle

N. mandibularis [V/3]

N. alveolaris 
superior posterior N. palatinus major

Rr. ganglionares ad 
ganglion pterygopalatinum

Figs. 8 .128a  and b N . m ax illa ris  [V /2 ] , le ft side; lateral v iew . [8] 
a te rm ina l b ranches
b spacia l re la tionsh ip  to  th e  G anglion p te rygopa la tinum
The N. m axilla ris  [V /2] e x its  th e  base o f th e  sku ll th ro u g h  th e  Foram en
ro tu n d u m  to  e n te r th e  Fossa p te rygopa la tina  and e x its  th is  fossa

th ro u g h  th e  Fissura in fraorb ita lis . In th e  Fossa p te rygopa la tina , the  
N. m axilla ris  [V /2] p rov ides  Rr. o rb ita les , th e  N. zygom a ticus , th e  N. al
veo la ris  supe rio r p o s te rio r as w e ll as Rr. gang lionares to  th e  G anglion 
p te rygopa la tinum .

78
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Figs. 8 .129a  and b N . canalis  p te ryg o id e i, le ft side; lateral v iew . [8] 
a o ve rv ie w
b nerves in th e  Fossa p te rygopa la tina
P a ra s y m p ath etic  fib re s  o f th e  N. fac ia lis  [VII], w h ic h  fo rm  th e  N. pe
tro s u s  m ajor, reach th e  G anglion p te ryg op a la tin u m , synapse  here  fro m  
p regang lion ic  to  p os tgang lion ic  neurons, and run to  th e  lacrim al, nasal,

Fossa pterygopalatina

parasympathetic sympathetic
nerve fibers nerve fibers

and oropharyngea l g lands. P ostgang lio n ic  s y m p a th e tic  f ib re s  orig i
nating  fro m  th e  P lexus ca ro ticu s  in te rnus, assem b le  as th e  N. pe trosus 
p ro fundus, and run th ro u gh  th e  G anglion p te rygopa la tinum  w ith o u t syn- 
apsing  in th is  p a ra sym p a th e tic  gang lion . They a lso reach th e  lacrim al, 
nasal, and o ropharyngea l g lands.

Glandula
lacrimalis

N. zygomaticus 
N. petrosus 

profundus

A. carotis interna

Truncus sympathicus

Plexus caroticus internus 

N. petrosus major 

Ganglion geniculi

Parasympathetic fibers in 
R. zygomaticotemporalis

Ganglion cervicale 
superius

Preganglionic 
sympathetic nerves 
from T1

N. canalis pterygoidei
Ganglion pterygopalatinum

R. pharyngeus

A. canalis pterygoidei

A. maxillaris

A. alveolaris 
superior posterior

A. infraorbitalis A. sphenopalatina

A. alveolaris 
superior anterior

A. palatina major

A. palatina 
descendens

(V. infraorbitalis) (V. sphenopalatina)

V. facialis 

(V. alveolaris superior posterior)

Plexus pterygoideus 

palatina descendens)

Fig. 8 .130  A . m ax illa ris  in th e  Fossa p te ry g o p a la tin a , le ft side;
la tera l v ie w . [8]
W ith in  th e  Fossa p te rygopa la tina , th e  A . m axillaris  d iv ides  in to  its te r 
m ina l branches: Aa. in frao rb ita lis , sphenopa la tina , a lveo laris supe rio r 
p os te rio r, palatina d escendens , and R. pharyngeus.

r— Clinical Rem arks--------------------------------------

Fig. 8.131 V e ins  o f th e  Fossa p te ry g o p a la tin a , le ft side; lateral 
v ie w . [8]
The  Vv. in frao rb ita lis , sphenopa la tina , a lveo laris  supe rio r p os te rio r, and 
palatina desce n d en s  drain  in to  th e  Plexus p te ryg o id eu s , w h ich  is lo
ca ted  in th e  Fossa in fra tem pora lis .

A  les ion  o f th e  p a ra sym p a th e tic  fib re s  e x itin g  th e  brain in assoc ia ti- d uc tio n  o f lacrim a l flu id  by  th e  lacrim a l g land, leading to  a dry  eye
on w ith  th e  N. fac ia lis  [VII] and th e n  reach ing  th e  lacrim a l g land via s yn d ro m e (sicca syndrom e),
b ranches o f th e  N. o ph tha lm icu s  [V /1] can re su lt in a reduced  pro-

dissect i on l ink
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Palate and palatine muscles

Glandulae palatinae

Hamulus pterygoideus

M. uvulae

Arcus palatopharyngeus 

Arcus palatoglossus 

Tonsilla palatina 

Isthmus faucium

Dorsum linguae

Palatum molle
[Velum palatinum]

Arcus palatoglossus

Arcus palatopharyngeus 

Uvula palatina

A. palatina major

N. palatinus major

Foramen palatinum majus

Hamulus pterygoideus

M. constrictor pharyngis superior, 
Pars glossopharyngea

M. buccinator 

Raphe pterygomandibularis 

M. palatoglossus

M. palatopharyngeus

Fig. 8 .132  H ard p a la te , P a la tum  d u ru m , and s o ft pa la te , P a la tum  
m olle; in fe rio r v iew .
The  pala te  (Palatum ) fo rm s  th e  ro o f o f th e  oral ca v ity  and th e  flo o r  o f 
th e  nasal cavity. It separa tes  th e  oral and nasal cav ities . The  hard palate 
(Palatum  durum ) and th e  s o ft pa la te  (Palatum  m olle ) fo rm  an an te rio r 
and p o s te rio r part, respective ly .
The hard  p a la te  co n tr ib u te s  to  th e  phona tion  o f conso n a n ts  and 
se rves as an a b u tm e n t fo r  th e  to n g u e  w h e n  crush ing  fo o d . A  n um b e r 
o f f la t pa la tine  m ucosa l fo ld s  (Plicae pala tinae transve rsae , Rugae pala
tinae) to  bo th  s ides o f th e  m id line  he lp  g rind  and p in  d o w n  p ieces o f 
fo o d  a ga ins t th e  hard palate.
The  s o ft p a la te  is fle x ib le  and, du ring  sw a llo w in g , b locks  o ff  th e  Naso
pharynx by fo ld in g  back o n to  th e  p o s te rio r pharyngea l w a ll.

Papilla incisiva

Plicae palatinae 
transversae

Palatum durum

Raphe palati

Dens incisivus (medialis)

Dens incisivus 
(lateralis)

Dens caninus

Dens premolaris I 

Dens premolaris II

Dens molaris I

Dens molaris

Dens molaris III 
[serotinus]

Fig. 8 .133  O ral cav ity , C av itas  oris, and p a la tin e  m uscles. M m . 
pa la ti; fro n ta l v iew .
The  palate is covered  by  a th ic k  m ucosa l layer firm ly  a ttached  to  th e  
p erio s te u m . In its  subep ithe lia l layer, th e  pa la tine  m ucosa  con ta ins  
packages o f sm a ll m ucosa l g lands (G landulae palatinae). The  fle x ib le  
s o ft pa la te  e x te n ds  p o s te rio r o f th e  hard palate and ends in th e  Uvula. 
The  la tte r c o n s is ts  o f a m u sc le  (M . uvulae) and m ucosa l g lands.
From  both  s ides , th e  p a la tin e  arches (Arcus pa la tog lossus and A rcus

pala topharyngeus), fo rm e d  by  th e  ide n tica lly  nam ed m usc les , p ro je c t 
in to  th e  s o ft palate  and th e  Uvula. On each side , a pa la tine  arch fra m e s  
a pa la tine  to n s il (Tonsilla palatina). The  pala tine  arches crea te  th e  ph a
ryn gea l is thm us  (Is thm u s  fauc ium ), th e  e n trance  to  th e  Pharynx. The 
passage th ro u g h  th e  Is thm u s  fa u c iu m  is co n tro lle d  by  m usc les .

—» T  3

Clinical Rem arks--------------------------------------
V ary ing  d eg rees  o f c le ft fo rm a tio n s  o f th e  p a la te , upper ja w , and  
face  re su lt fro m  an in s u ff ic ie n t m e sen ch ym a l tis su e  p ro life ra tion  
and th e  su b se q u e n t fa ilu re  o f fu s io n  o f th e  m ax illa ry  and m edia l 
nasal p rocesses. U ni- o r b ila te ra l c le ftin g  is p oss ib le  and, in seve
re cases, a gap e x te n ds  fro m  th e  upper lip th ro u g h  th e  hard and 
s o ft palate  (che ilo gna tho pa la tosch is is ). It o ccu rs  at a fre q u e n c y  o f 
1 : 2500  b irth s  w ith  a p re fe re n ce  in fe m a le s . Iso lated  c le ft pa la tes

o ccur if th e  fu s io n  o f th e  m ax illa ry  p rocesses o f th e  seconda ry  palate 
o r th e  fu s io n  b e tw e e n  th e  p rim a ry  and seconda ry  palate fa ils . The 
m ild e s t fo rm  is th e  s p lit Uvula (U vu la  b ifida ). These  c le fts  are no t 
he red ita ry  b u t th e  re su lt o f a d e fic ie n cy  in fo lic  acid  in th e  m ate rna l 
nu trit io n  du ring  p regnancy (-» C lin ica l R em arks on  p. 84).

dissect i on  l ink
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Development of the palate and palatine muscles

Week 8

Primary palate 

Palatine process

Figs. 8 .134a  to  c D ev e lo p m e n t o f th e  p a la te , sep ara tio n  o f th e  
nasal and oral cav ities. [20]
The m e rge r o f th e  tw o  m edia l nasal p rom in e nce s  c re a te s  th e  m edian 
pa la tine  p rocess  (in te rm ax illa ry  s e gm e n t) w h ic h  is th e  s tru c tu ra l basis 
fo r  th e  fu tu re  p h iltru m  o f th e  upper lip, part o f th e  m axilla  (w ith  th e  fo u r 
inc isors), and th e  fu tu re  p rim a ry  palate. The p rim a ry  pa la te  e x te n d s  in to  
th e  an te rio r p a rt o f th e  oronasal cavity. The  tw o  o ppos ing  pa la tine  pro

ce sses  o f th e  m axilla  fo rm  th e  m a jo r part o f th e  d e fin itiv e  bony palate. 
By w e e k  7, th e  to n g u e  m o ves  in to  a caudal pos itio n , th e  oppos ing  pa
la tine  p rocesses assum e  a horizonta l pos ition , s ta rt c los ing  th e  gap b e t
w e e n  nose  and m o u th , and fin a lly  m e rge  in th e  m id line  as secondary 
pala te. In th e  an te rio r part, th e se  pa la tine  p rocesses fu s e  w ith  th e  pri
m a ry  palate.

Primary palate

Secondary palate 

Raphe palati

M. uvulae 

M. tensor veli palatini 

Aponeurosis palatina

Proc. pterygoideus,
Hamulus pterygoideus

M. tensor veli palatini

M. levator veli palatini

Cartilago tubae auditivae 
[auditoriae]

Lamina medialis 

Lamina lateralis
Proc. pterygoideus

M. tensor veli palatini, Origo

Lamina lateralis | _ ...I Cartilago tubae 
[ auditivae 

Lamina medians J

Fossa mandibularis 

Semicanalis tubae auditivae 

M. levator veli palatini, Origo 

Canalis caroticus, Apertura externa

Vestibulum oris Palatum molle [Velum palatinum]

Dorsum linguae Fossa supratonsillaris 

Arcus palatoglossus

Papillae vallatae 

Labium inferius

Plica salpingopharyngea 

Tonsilla palatina

Vestibulum oris Foramen caecum linguae

Papilla foliata
Arcus palatopharyngeus 

Tonsilla lingualis

Fig. 8 .135  M . le v a to r ve li p a la tin i, M . te n s o r ve li p a la tin i, and  
cartilage  o f th e  p h ary n g o tym p a n ic  tu b e , C artilag o  tu b a e  
au d itivae ; in fe r io r v iew .
In a dd ition  to  th e  M . pa la tog lossus and M . pa la topharyngeus 
(-► Fig. 8 .137) w h ic h  fa c ilita te  th e  d ep re ss ion /p u ll-d o w n  o f th e  s o ft 
pala te , and th e  M . uvulae  w h ic h  he lps e m p ty  th e  m u cou s  g lands o f the  
Uvula, bo th  th e  M . te n s o r ve li pa la tin i and th e  M . leva to r ve li palatin i 
p ro je c t in to  th e  A pon eu ro sis  p a la tin a . B oth  m u sc le s  a ttach  a t th e

Labium superius

base o f th e  sku ll. The  H am ulus  p te ryg o id eu s  se rves as a hypo m o ch lio n  
(cen tre  o f ro ta tion  o f a jo in t) fo r  th e  M . te n s o r ve li pala tin i. Upon con 
tra c tio n , th is  paired  m u sc le  pu lls  th e  s o ft pa la te  backw ards  and up
w a rd s  and occludes th e  N asop haryn x  a g a in s t th e  O rop harynx
during  s w a llo w in g . In a dd ition , th is  m u sc le  p a rtic ipa tes  in th e  open ing  
o f th e  Tuba aud itiva  [aud ito ria l (-» pp. 149 and 150).

Cavitas oris propria

Fig. 8 .136  To ngu e, L ingua, in th e  ora l cav ity; p o s te rio r lateral 
v iew .
P oste rio r to  th e  S ulcus te rm in a lis  lies th e  ro o t o f th e  to n g u e  w ith  th e  
lingual to n s il (Tonsilla lingualis).

The  Tonsilla  lingualis  is p a rt o f th e  W A LD E Y E R 's  to n s illa r ring , as is th e  
Tonsilla  palatina, w h ic h  is loca ted  b e tw e e n  th e  tw o  pala tine  arches (Ar
cus pa la tog lossus and pa la topharyngeus).
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Tongue

Papillae foliatae

Epiglottis
Plica glossoepiglottica mediana

Tonsilla lingualis;
Cryptae tonsiilares

Foramen caecum linguae

Sulcus terminalis linguae

Vallecula epiglottica

Plica glossoepiglottica lateralis

Radix linguae

M. palatoglossus

(Plica triangularis) 

Arcus palatoglossus

Papillae fungiformes

Papillae filiformes

Sulcus medianus linguae

Apex linguae

M. palatopharyngeus 

Tonsilla palatina

Fossulae tonsiilares, 
Cryptae tonsiilares

Dorsum linguae, 
Pars posterior

Papillae vallatae

Dorsum linguae 
Pars anterior

Margo linguae

Corpus linguae

Fig. 8 .137 To ngu e, L ingua; supe rio r v iew .
O n th e  do rsum  of th e  to n g u e  (D orsum  linguae), th e  Su lcus m ed ianus 
linguae d iv id e s  th e  to n g u e  in to  a righ t and le f t half. The  S ulcus te rm in a 
lis linguae (a V-shaped g roove) de lin ea te s  th e  C orpus linguae fro m  th e  
Radix linguae  and separa tes  th e  to n g u e  in to  a Pars a n te rio r and Pars 
p os te rio r. A t th e  tip  o f th e  S ulcus te rm in a lis  linguae, th e  su rface  e p ith e 
lium  fo rm s  a dep ress ion , th e  Fo ram en  caecum  linguae . This fo ram en  
is th e  p lace w h e re  th e  th y ro id  g land s ta rted  its  d e sce n t fro m  th e  e c to 
d e rm  o f th e  flo o r  o f  th e  m o u th  to  its  fina l d es tin a tio n  in fro n t o f th e  
Larynx (orig in o f th e  D uctus  thyrog lossa lis ).

The m ucosa  o f th e  Pars an te rio r is rough s ince  it co n ta in s  m u ltip le  
sm all, partia lly  m acroscop ica lly  v is ib le  pap illae  (Papillae linguales, fi l i
fo rm e s , fo lia tae , fu n g ifo rm e s , and va lla tae) w h ich  p lay a ro le  in th e  per
ce p tio n  o f to u ch  and co nve y  th e  senso ry  pe rce p tio n  o f ta s te .
The ro o t o f th e  to n g u e  (Radix linguae) is co ve re d  by th e  Tonsilla  lingu
alis, fra m e d  b ila te ra lly  by  th e  tw o  pa la tine  arches, A rcu s  pa la tog lossus 
and pa la topharyngeus, and p o s te rio r ly  by  th e  e p ig lo ttis . The  s ingu lar 
Plica g lo sso e p ig lo ttica  m ediana and th e  paired Plicae g losso e p ig lo ttica e  
la tera les p ro je c t fro m  th e  ro o t o f th e  to n g u e  to w a rd s  th e  e p ig lo ttis  and 
d e linea te  th e  Va llecu lae  ep ig lo tticae .

N. laryngeus superior 
(N. vagus [X])

Rr. tonsiilares
(N. glossopharyngeus [IX])

Rr. linguales
(N. glossopharyngeus [IX])

N. lingualis

salty

Fig. 8 .138  In n e rv a tio n  and ta s te  q u a lities  o f th e  do rsum  of the  
to n g u e .
The N. lingualis, a b ranch o f th e  N. m and ibu la ris  [V/3], supp lies  th e  sen 
so ry  inne rva tion  o f th e  a n te rio r p a rt o f th e  to n g ue , Rr. linguales o f th e  
N. g lossopha ryngeus  [IX] supp ly  th e  reg ion  o f th e  Su lcus te rm in a lis  lin
guae, and th e  N. laryngeus supe rio r, a b ranch o f th e  N. vagus [X], inner
va te s  th e  ro o t o f th e  to ngue .
Taste  se nsa tio n s  by  th e  a n te rio r tw o -th ird s  o f th e  to n g u e  is conveyed  
by  b ranches o f th e  N. fac ia lis  [V II] (Chorda tym p a n i, N. in te rm ed ius ) to  
th e  upper p a rt o f th e  T rac tus  so lita rius  in th e  brain s te m ; th e  perikarya 
o f th e se  se nso ry  fib re s  are loca ted  in th e  G anglion gen icu li.

Taste  sensa tions  by  th e  p o ste rio r th ird  o f th e  to n g u e  are p ro je c te d  to  
th e  lo w e r part o f th e  T rac tus  so lita rius  in th e  brain s te m  by senso ry  
fib re s  o f th e  N. g lossopha ryngeus  [IX] and N. vagus [X], The  perikarya 
o f th e s e  nerve  fib re s  res ide  in th e  G anglion in fe riu s  o f th e  N. g losso 
pha ryngeus [IX] o r  th e  N. vagus [X],
A ll reg ions w ith in  in th e  a n te rio r tw o -th ird s  o f th e  to n g u e  are capable o f 
p e rce iv ing  all fiv e  basic qua lities  o f ta s te , a lb e it w ith  d if fe re n t in tens ity . 
For exam p le , th e  p e rcep tion  o f " s w e e t"  is m o re  in tense  a t th e  tip  o f 
th e  to n g ue , w h e re a s  th e  p o s te rio r ro o t o f th e  to n g ue  co n ta in s  recep 
to rs  th a t are pa rticu la rly  se ns itive  to  a " b i t te r "  ta s te .
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Muscles of the tongue

M. longitudinalis superior 

Aponeurosis linguae

Tunica mucosa linguae

M. transversus linguae

Septum linguae

Foramen caecum linguae

Radix linguae

Os hyoideum

Cartilago epiglottica 

Aditus laryngis 

Ventriculus laryngis

Cartilago thyroidea

Mandibula

M. genioglossus

Labium inferius

Vestibulum oris

M. mylohyoideus
M. geniohyoideus

Fig. 8 .139  To ngu e, L ingua, and m uscles o f th e  to n g u e . M m . 
linguae; m edian  sec tion .
The  to n g u e  is a h igh ly  fle x ib le  m u scu la r body. It is e ssen tia l fo r  ch ew in g  
and s w a llo w in g , fa c ilita te s  suck ing , and p rov ides th e  a b ility  to  speak. In 
add ition , th e  to n g u e  has an acute  sense  o f touch  and is th e  o rgan of 
ta s te  sensa tions. The  to n g u e  is co m po se d  o f in trin s ic  m usc les , m aking  
up th e  b ody  o f th e  to n g ue , and e x tr in s ic  m usc les , w h ic h  have th e ir

o rig in  a t th e  ske le to n  and p ro je c t in to  th e  to n g ue . The e x tr in s ic  m u sc les  
o f th e  to n g u e  a lte r  th e  pos itio n  o f th e  to n g ue , w he re a s  th e  in trins ic  
m u sc le s  change  th e  shape o f th e  to n g ue . The m a jo rity  o f th e  to n g ue  
m u sc le s  in se rt a t th e  A p on eu ro sis  linguae , a to u g h  p la te  o f connec
tiv e  tis s u e  benea th  th e  m ucosa  o f th e  do rsum  o f th e  to ngue .

—► T  2a

Fig. 8 .140  Tongue, L ingua, and in trins ic  m uscles o f th e  to n g u e . 
M m . lingu ae  in tern i; c ross-section  a t th e  leve l o f th e  tip  o f th e  
to ngue .
Like a w ic k e rw o rk , th e  in tr in s ic  m u sc le s  o f th e  to n g u e  are in te rlaced  in 
all th re e  d im e n s io n s . In th e  m edian  plane, th e  S ep tu m  linguae in te r
s e c ts  th e  to n g u e  in c o m p le te ly  in to  tw o  halves. A g o n is tic  and antagon i
s tic  m u sc le  fa c ilita te  th e  fle x ib ility  o f th e  to n g ue . To both  s ides  a t th e  
tip  o f th e  to n g ue  a m u cou s  g land is p rese n t (G landula lingualis, 
B L A N D IN 's  gland).

—» T  2a

M. transversus 
linguae

Fig. 8.141 To ngu e, L ingua, and in trins ic  m uscles o f th e  to n g u e . 
M m . lingu ae  in tern i; cro ss -sec tio n  a t th e  leve l o f th e  m idd le  part.
The  o rig in  and inse rtion  s ite s  o f all in tr in s ic  m u sc le s  o f th e  to n g u e  are 
w ith in  th e  to n g ue  itse lf. There  are M m . long itud ina lis  supe rio r, lon g itu 
d ina lis  in fe rio r, tra n sve rsu s  linguae, and ve rtica lis  linguae. These  m u s 
cles are in te rlaced  and pos itio n ed  pe rpend icu la r to  each o th e r in all 
th re e  d im e n s io n s . The  a b ility  o f th e  to n g u e  to  change  its  shape helps 
during  ch e w in g , su ck ing , s ing ing , speaking, and w h is tlin g . The M . ge
n iog lossus is a m e m b e r o f th e  e x tr in s ic  m u sc le s  o f th e  to ngue .

->T2a

M. transversus linguae 

Septum linguae
Aponeurosis linguae

Glandula lingualis
Frenulum linguae

Plica fimbriata 

Facies inferior linguae

M. longitudinalis superior

M. longitudinalis inferior

M. verticalis linguae

M. genioglossus
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Head O verview  -► Skeleton and jo in ts  -► Muscles -► Topography

Hyoid bone and hyoid muscles

Cornu minus

Corpus

Cornu minus

Corpus

Cornu majus

Fig. 8 .142  H yo id  bo ne . Os h yo id eu m ; a n te rio r su pe rio r v iew . Fig. 8 .143  H yo id  bo ne . Os h yo ideum ; la tera l v iew .
The  horseshoe-shaped  hyoid  bone  co ns is ts  o f a b ody  (Corpus) w h ich  
ho lds th e  paired  g rea te r and lesse r horns (Cornua m ajora  and m inora).

Corpus mandibulae 

M. mylohyoideus

M. digastricus, Venter anterior

Raphe mylohyoidea 

M. digastricus, Ansa tendinis

M. digastricus, Venter posterior

M. stylohyoideus

M. digastricus, Tendo intermedius 

Os hyoideum

Fig. 8 .1 4 4  M o u th  reg ion; la tera l in fe rio r v iew .
The  m u scu la r D iap h rag m a oris co ns is ts  o f th e  tw o  M m . m y loh yo id e i 
and fo rm s  th e  flo o r  o f th e  oral cavity. In add ition , th e  M m . gen iohyo ide i 
(no t sh ow n ) and d igastric i p a rtic ipa te  in th e  fo rm a tio n  o f th e  flo o r  o f th e  
m o u th . D ire c tly  o r ind irec tly , all th e s e  m u sc le s  are a tta ch e d  to  th e  
hyoid  bone and, to g e th e r w ith  th e  M m . s ty lo hyo id e i, are co lle c tive ly

i- Clinical Rem arks--------------------------------------
T ouch ing  th e  flo o r  o f  th e  m o u th , th e  pa la tine  arches o r th e  back of 
th e  th ro a t in itia te s  e ith e r th e  s w a llo w in g  o r th e  gag reflex . M u s
c les  o f th e  to n g ue , Pharynx, Larynx, and O esophagus partic ipa te  in 
th e s e  re flexes.
A llerg ic  reac tio ns  can re su lt in a life -th re a te n in g  sw e llin g  o f th e  m u 
cosal lin ing  o f th e  s o ft palate.
In fla m m a tio n s  o f th e  pa la tine  m ucosa , here pa rticu la rly  th e  m ucosa 
o f th e  s o ft pala te , typ ica lly  evoke  severe  d is c o m fo rt du ring  s w a l
low ing .

re fe rred  to  as M m . suprahyo id ei (suprahyo id  m usc les). F rom  a fu n c 
tiona l s ta n d po in t, th e  flo o r  o f th e  m o u th  re p re se n ts  an a d jus tab le  a bu t
m e n t fo r  th e  to ngue .

Im p a ire d  b lood  perfus ion  o f th e  bra in  s tem  fre q u e n tly  co inc ides 
w ith  pa la tine  m u sc le  palsy. Th is  causes d if fic u ltie s  in sw a llo w in g  and 
an im pa ired  tuba l ve n tila tio n  o f th e  m idd le  ear. T hese  p a tie n ts  can 
d isp lay a ve lopa la tine  pa lsy (nuclea r les ions  o f th e  N. g lossopha ryn 
geus [IX] and N. vagus [X]) resu lting  in th e  V e lu m  p a la tinum  hanging 
d o w n  on th e  s ide  o f th e  para lysed M . leva to r ve li pala tin i. The  Uvula 
dev ia tes  to  th e  o th e r (healthy) s ide.
O fte n , th e  to n g u e  is th e  f ir s t  to  be in ju red  by chem ical burns  and  
scald ing . A t th e  m arg ins  o f th e  to n g ue , po te n tia l precancerous  le 
sions can s h o w  as h ype rke ra tos is  o r leukoplakia.
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Vessels and nerves -► Nose -* M outh and oral cavity Salivary glands

Floor of the mouth and muscles of the floor of the mouth

(Raphe mylohyoidea)

M. digastricus R e n te r  anterior;
1 Venter posterior

M. digastricus, (Ansa tendinis 

Os hyoideum, Corpus 

Os hyoideum, Cornu majus

Lig. stylohyoideum 

M. mylohyoideus 

M. styiohyoideus

digastricus, Tendo intermedius

Alveolus dentalis molaris III 
(Dens extractus)

Foramen mentale

Tuberculum mentale

Fig. 8 .145  L o w e r ja w , M a n d ib u la , and m uscles o f th e  flo o r o f th e  
m o u th , M m . suprahyo id e i; fro n ta l v iew .
The  flo o r  o f th e  m o u th  (D iaphragm a oris) is a m uscu la r layer c rea ted  by 
th e  suprahyo id  g roup  o f m usc les . The centra l m u sc le  a t th e  flo o r  o f th e  
m o u th  is th e  M . m ylo h yo id eu s  w h ich  e x te n ds  b e tw e e n  th e  tw o  Rami 
m and ibu lae  to  b o th  s ides  and jo in s  in th e  m id line  a t th e  Raphe m y lo 
hyoidea. Beneath  th is  m u sc le  lies th e  paired  V e n te r an te rio r o f th e  M .

d igastricus  w h ic h  co nn e c ts  w ith  th e  V e n te r p o s te rio r by  an in tram u s
cu la r te n d on . Th is  in tram u scu la r te n d o n  passes th ro u gh  a te n d in o us  
pu lley  and a ttaches  th e  M . d ig a s tricu s  to  th e  hyoid bone. A  th ird  su
prahyo id  m u sc le  c o m in g  fro m  th e  hyoid  bone  is th e  M . sty iohyo ideus .

- » T 9

Spina mentalis superior

M. genioglossus

M. mylohyoideus

M. geniohyoideus

Os hyoideum, Cornu minus

Foramen mandibulae

Os hyoideum, Cornu majus
Ramus mandibulae

Fig. 8 .146  L o w e r ja w , M a n d ib u la , m uscles o f th e  flo o r o f th e  
m o u th , M m . s uprahyo id e i, and hyo id  bone . Os hyo ideum ;
supe rio r v iew .
The  D iaphragm a o ris , fo rm e d  by  th e  tw o  M m . m y loh yo id e i and th e  
paired  M . gen io h yo id eu s , is s h o w n . The  M . g e n iohyo ideus  a m e m 
b er o f th e  suprahyo id  m u sc le  group , s tre tch e s  fro m  th e  ins ide  o f th e

M and ibu la  to  th e  hyoid  bone . A s  a m e m b e r o f th e  e x trins ic  m u sc le s  o f 
th e  to n g ue , th e  ove rly ing  M . gen io g lo ssus  has been c u t a t its  o rig in  a t 
th e  Spina m e n ta lis  su pe rio r o f th e  M and ibu la .

- » T 9
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Head O verview  -► Skeleton and jo in ts  -► Muscles -► Topography

Muscles of the tongue

Tunica mucosa oris

Apex linguae

Mandibula

M. longitudinalis inferior

M. genioglossus

M. geniohyoideus

Dorsum linguae

Corpus linguae

Papillae foliatae
Papilla vallata

Radix linguae

M. palatoglossus

M. styloglossus

M. stylopharyngeus

M. constrictor pharyngis medius

M. hyoglossus

Os hyoideum, Corpus

Os hyoideum, Cornu majus

Fig. 8 .147 To ngu e, L ingua, and extrin s ic  m uscles o f th e  to n g u e . 
M m . lin g u ae  e xte rn i; v ie w  fro m  th e  le f t  s ide.
The  e x tr in s ic  m u sc le s  o f th e  to n g u e  p ro je c t in to  th e  to n g ue . They con 
s is t o f th e  M m . gen iog lossus, hyog lossus, and stylog lossus. In ad
d ition , th e  M . pa la tog lossus is an e x tr in s ic  m u sc le  o f th e  to n g u e . The

M . h yog lossus can rece ive  fu n c tio na l s u p p o rt by a M . chond rog lossus , 
w h ic h  o rig ina tes  fro m  th e  lesse r horn o f th e  hyoid  bone  (-» Figs. 8 .148 
and 8.149).

—► T  2b

M. stylopharyngeus

Mandibula M. constrictor pharyngis superior, 
Pars glossopharyngea

Tunica mucosa oris
M. hyoglossus

M. palatoglossus

M. styloglossus

M. genioglossus

M. chondroglossus

Os hyoideum, Cornu minus

M. hyoglossus

M. longitudinalis inferior
M. constrictor pharyngis medius, 
Pars ceratopharyngea

M. geniohyoideus
M. constrictor pharyngis medius, 
Pars chondropharyngea

Fig. 8 .148  To ngu e, L ingua, and extrin s ic  m uscles o f th e  to n g u e . 
M m . lin g u ae  e xte rn i; v ie w  fro m  th e  le f t  s ide.
Beneath  th e  d isse c te d  M . hyog lossus, th e  sm a ll M . chondrog lossus is 
s h o w n  o rig ina ting  fro m  th e  lesse r horn o f th e  hyoid  bone and fu n c 
tio na lly  ass is ting  th e  M . hyog lossus. In a dd ition  to  th e  e x tr in s ic  m u sc les

o f th e  to n g ue , th e  M . pa la tog lossus and th e  Pars g lossopharyngea  o f 
th e  M . c o n s tr ic to r pharyng is  su pe rio r p ro je c t in to  th e  p o s te rio r a spect 
o f th e  to ngue .

—► T  2b

Clinical Rem arks-----------------------------------------------------------------------------------------------------------
The p ro trus io n  o f th e  to n g u e  requ ires  a fu n c tio n a lly  in ta c t M . ge- can b lock  th e  a irw ays. Thus, as a p recau tion  u nconsc ious p a tien ts
n iog lossus. In a deep  c o m a , th e  M . gen io g lo ssus  b eco m e s flacc id . shou ld  a lw ays  be p laced in th e  latera l re cove ry  pos ition .
In a sup ine  pos itio n , th e  to n g u e  s lides  back in to  th e  Pharynx and
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Vessels and nerves -► Nose -► M outh and oral cavity  Salivary glands

Muscles of the tongue and pharynx

M. genioglossus 

M. longitudinalis inferior 

M. hyoglossus

M. constrictor pharyngis superior, 
Pars glossopharyngea

M. chondroglossus

M. constrictor pharyngis medius, 
Pars chondropharyngea

M. hyoglossus

Apex linguae 

Frenulum linguae

Septum linguae 

M. genioglossus

M. palatoglossus 

M. styloglossus

M. sternohyoideus 

M. geniohyoideus

Facies inferior linguae, 
Plica fimbriata

Tunica mucosa oris

M. hyoglossus

Os hyoideum, Cornu majus

Fig. 8 .149  M usc les  o f th e  to n g u e . M m . lingu ae; in fe rio r v iew .
The  M . gen io g lo ssus  w a s  rem oved  a t its  m and ibu la r o rig in . A lso, th e  
M m . s ty lo g lo ssu s  and pa la tog lossus w e re  rem oved . A t th e  latera l s ide, 
th e  M . h yog lossus (cu t a t th e  r ig h t s ide  o f th e  tongue ) and M . chond ro 
g lossus are s h o w n , w h ic h  are e x tr in s ic  m u sc le s  o f th e  to n g ue . A s  part

o f th e  in trin s ic  m u sc le s  o f th e  to n g ue , th e  M . long itud ina lis  in fe rio r 
s tre tc h e s  o u t w ith in  th e  in fe rio r a spe c t o f th e  tongue .

—» T  2b

M.

Fig. 8 .150  Extrinsic  m uscles o f th e  to n g u e , M m . lingu ae  ex te rn i, 
and ph aryngea l m uscles. M m . cons tric to res  ph aryng is; lateral 
v ie w ; m and ibu la r arch rem oved .
The  Lig. s ty lo h yo id e u m  e x te n d s  b e tw e e n  th e  M . s ty lo g lo ssu s  and M . 
s ty lopha ryngeus . Loca ted  b e lo w  are  th e  pharyngea l m usc les ; th e  M . 
c o n s tr ic to r pharyng is  su pe rio r w ith  th e  Pars g lossopha ryngea  and th e

M . c o n s tr ic to r pharyng is  m e d iu s  w ith  th e  Pars chond ropha ryngea  and 
Pars ce ra topharyngea . The  M . c o n s tr ic to r pharyng is  in fe rio r w ith  th e  
Pars thyropha ryngea  is loca ted  b e lo w  th e  hyoid  bone.

T  2b , 5

Papillae foliatae 

Tunica mucosa oris

longitudinalis inferior

M. genioglossus

Mandibula

Cartilago thyroidea

Proc. styloideus

M. constrictor pharyngis inferior,
Pars thyropharyngea

M. geniohyoideus
Os
Cornu minus

Membrana thyrohyoidea

Lig. stylohyoideum

M. stylopharyngeus

M. constrictor pharyngis superior,
Pars glossopharyngea

M. constrictor pharyngis medius,
Pars chondropharyngea

M. constrictor pharyngis medius,
Pars ceratopharyngea

Os hyoideum, Cornu majus

A.; V. laryngea superior; 
N. laryngeus superior
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Vessels and nerves of the tongue

Head O verview  -» Skeleton and jo in ts  -► Muscles -► Topography

M. genioglossus

Glandula sublingualis

A.; V. sublingualis

A. profunda linguae 

N. lingualis

V. profunda linguae

M. styloglossus 

N. hypoglossus [XII]

V. lingualis 

M. hyoglossus 

A. carotis externa 

N. laryngeus superior, R. internus

A. sublingualis

N. sublingualis

N. lingualis 

M. hyoglossus 

A. profunda linguae 

A. sublingualis 

A. lingualis

Fig. 8 .151 Vessels and nerves  o f th e  to n g u e . Lingua; in fe rio r 
v iew .
The  A. lingualis fro m  th e  A. ca ro tis  ex te rna  p rov ides  th e  a rte ria l blood 
supp ly  o f th e  to n g ue . B ranches o f th e  A. lingualis  are th e  A. p rofunda 
linguae, m a in ly  supp ly ing  th e  m u sc le s  o f th e  m idd le  and an te rio r part o f 
th e  to n g ue , and th e  A. sub lingua lis , passing  to  th e  sub lingua l g land 
(G landula sub lingua lis) and to  th e  flo o r  o f th e  m o u th . P ro jecting  back
w a rd s , th e  Rr. dorsa les  linguae can co m m u n ica te  w ith  each o the r, 
w h e re a s  all o th e r b ranches fro m  each s ide  are separa ted  by th e  Sep
tu m  linguae and o n ly  p rov ide  a rte ria l b lood  to  one  ha lf o f th e  to ngue . 
The ven o u s  dra inage is ach ieved  by  th e  V. lingualis. The V. lingualis 
runs ad jacent to  th e  M . h yog lossus and dra ins in to  th e  V. jugu la ris  in te r
na. The  V. lingualis  co lle c ts  b lood  fro m  th e  Vv. sub lingua lis , p ro funda  
linguae, and dorsa les  linguae as w e ll as fro m  th e  V. c o m ita n s  nervi hy- 
pog loss i.

W ith  th e  e xcep tio n  o f th e  inne rva tion  o f th e  M . pa la tog lossus by  th e  
P lexus pharyngeus, th e  m o to r  inne rva tion  o f th e  to n g u e  d erives  fro m  
th e  N. h ypog lossus [XII]. S ensory  inne rva tion  in th e  a n te rio r tw o -th ird s  
o f th e  to n g ue  is p rov ided  by  th e  N. lingualis, a branch o f th e  N. m and i- 
bu la ris [V /3], in th e  region  o f th e  Su lcus te rm in a lis  by  th e  N. g lossopha 
ryngeus [IX], and a t th e  base o f  th e  to n g u e  by th e  N. la ryngeus superio r 
(a branch o f th e  N. vagus [X]).

B ranches o f th e  A. lingualis:
•  (R. hyo ideus)
•  Rr. dorsa les  linguae
• R. suprahyo ideus
•  A. sub lingua lis
•  A . p ro funda  linguae

i- Clinical Rem arks-----------------------------------------------------------------------------------------------------------
A s u b ep ith e lia l ven ous p lexus  is loca ted  in th e  m ucosa l lin ing  a t In juries  to  th e  N. hypoglossus [X II] on one  s ide  cause  th e  pro-
th e  unders ide  o f th e  to n g ue . Th is  fa c ilita te s  qu ick  resorp tio n  o f m e - tru d in g  to n g ue  to  d ev ia te  to  th e  a ffe c te d  s ide ; m u scu la r a tro p hy  oc-
d ica tion  p laced unde rnea th  th e  to n g ue . curs on  th e  ips ila te ra l s ide  o f th e  hypog lossa l nerve  palsy.
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Vessels and nerves -► Nose -► M outh and oral cavity  Salivary glands

Vessels and nerves of the tongue, tonsils

M. styloglossus 

N. lingualis (N. mandibularis [V/3])

Ganglion submandibulare

M. genioglossus

V. profunda linguae

V. dorsalis linguae

Ansa cervicalis profunda, 
Radix superior

V. jugularis interna 

A. carotis communis

Chorda tympani (N. facialis [VII])

M. constrictor pharyngis superior

N. glossopharyngeus [IX]

M. stylopharyngeus 

N. hypoglossus [XII]

N. cervicalis [C1]

A. occipitalis,
R. sternocleidomastoideus

A. occipitalis

A. lingualis 

V. lingualis

M. mylohyoideus

Fig. 8 .152  Vessels and nerves o f th e  to n g u e , Lingua; lateral v iew ; 
m and ibu la r arch re m ove d . [10]

P haryngea l Lym pho id  Ring (W A LD EYER 's Tonsillar Ring)

D efin ition A  c lu s te r o f lym pho -ep ithe lia l t is su e s  loca ted  at 
th e  tra n s itio n a l zone b e tw e e n  oral and nasal 
ca v ity  and th e  P harynx fo rm  th e  pharyngeal 
lym ph o id  ring . The  pharyngea l lym ph o id  ring 
se rves in im m u n e  responses  and is p a rt o f th e  
m ucosa-assoc ia ted  lym ph o id  tis s u e  (M ALT).

C o m p o n en ts •  pharyngea l tons il 
(Tonsilla pharyngea)

•  tuba l tons il 
(Tonsillae tubariae)

•  pa la tine  tons il 
(Tonsillae palatinae)

• lingual to n s il 
(Tonsilla lingualis)

•  latera l a s s o rtm e n t o f 
M A LT

-*  pp. 60, 68

- *  pp. 80, 82 

^ p p .  81, 82

Fig. 8 .153 B lood and nerve  supp ly  o f th e  p a la tin e  to n s il, Tonsilla  
p a la tin a , r ig h t side; m edia l v iew .
The  Rr. to n s illa res  o f th e  A. palatina ascendens, th e  R. pharyngeus o f 
th e  A. palatina a scendens and th e  Rr. pharyngea les o f th e  A. pharyngea 
ascendens as w e ll as th e  Rr. dorsa les linguae o f th e  A . lingualis supp ly  
b lood to  th e  Tonsilla  palatina. The inne rva tion  o f th e  to n s illa r bed  com es 
fro m  Rr. ton s illa res  o f th e  N n. pa la tin i m ino re s  and N. g lossopha ryn 
g eus  [IX].

[- Clinical Rem arks-----------------------------------------------------------------------------------------------------------
Frequen t re cu rre n t in fec tio n  o f th e  pa la tine  to n s ils  is an ind ica tion  fo r  o ccu r up to  th re e  w e e k s  a fte r  th e  ope ra tion  (in rare cases even lon-
th e ir  su rg ica l rem ova l (to n s illec to m y), one  o f th e  m o s t fre q u e n tly  ger) and can be a se rious  com p lica tio n ,
co nd u c te d  su rg ica l ENT p rocedu res. P os topera tive  b le e d in g s  can

M. constrictor pharyngis 
superior 

R. pharyngeus
(A. palatina descendens) 
A. pharyngea ascendens

Rr. tonsillares
(A. pharyngea ascendens)

Rr. dorsales linguae
(A. lingualis)

Rr. tonsillares
(A. palatina ascendens)

N. glossopharyngeus; 
Rr. tonsillares

(N. glossopharyngeus)

M. palatopharyngeus 

Dorsum linguae

Epiglottis

Rr. tonsillares
(Nn. palatini minores)

M. palatoglossus

Uvula
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Parotid gland

Head O verview  -► Skeleton and jo in ts  -► Muscles -► Topography

Fascia masseterica

parotideus

M. zygomaticus major

Glandula parotidea accessoria

Corpus adiposum buccae

Glandula parotidea,
Pars superficialis

M. buccinator

M. masseter

Fascia parotidea

M. risorius

M. depressor anguli oris

Platysma

M. sternocleidomastoideus;
Fascia cervicalis, 

Lamina superficialis
Os hyoideum

Fascia cervicalis, Lamina superficialis

V.; A. facialis

Fig. 8 .1 5 4  P aro tid  g lan d , G lan du la  p a ro tid ea , r ig h t side; lateral 
v iew .
The  exc lu s ive ly  se rou s  G landula paro tidea is th e  la rg e s t sa livary gland. 
Size and d im e n s io n s  are q u ite  variab le . The  supe rfic ia l layer o f th e  
g land is pos itio n ed  d ire c tly  in fro n t o f th e  o u te r ear and covered  by  a 
to u g h  fascia  (Fascia paro tidea; c u t m a rg ins  show n).
The  Fascia paro tidea is a co n tin u a tion  o f th e  Lam ina su pe rfic ia lis  o f  th e

Fascia ce rv ica lis . A t  th e  an te rio r m arg in  o f th e  g land, th e  D uc tus  pa ro ti
deus e x its  and runs horizon ta lly  across th e  upp e r ha lf o f th e  M . m asse 
te r  to  th e  M . bucc ina to r, p ie rces th is  m usc le , and, in th e  Papilla d uc tu s  
paro tide i, ope n s  in to  th e  V e s tib u lu m  o ris  o pp o s ite  to  th e  second  upper 
m o la r to o th . F requen tly , accesso ry  g landular tis su e  (G landula parotidea 
accessoria ) is assoc ia ted  w ith  th e  e xc re to ry  duct.

i- Clinical Rem arks--------------------------------------
Surgica l rem ova l o f tu m o u rs  th e  paro tid  g land can re su lt in gu sta to ry  
s w e a tin g  (FREY's syn drom e). D uring  th e  su rge ry , dam age occurs 
to  th e  s y m p a th e tic  and para sym p a th e tic  nerve  fib re s  inne rva ting  th e  
g landu la r parenchym a. P os topera tive  recove ry  inc ludes th e  regen
e ra tion  o f p a ra sym p a th e tic  fib re s  and th e  acc iden ta l synaps ing  o f 
th e se  regene ra ted  fib re s  w ith  s w e a t g lands o f th e  sk in , fo rm e rly  in
nerva ted  by  s y m p a th e tic  fib re s . A ce ty lch o line  is th e  n eu ro tra n s m itte r 
fo r  th e  s y m p a th e tic  inne rva tion  o f s w e a t g lands (as it is in parasym 
p a th e tic  nerve  end ings). Thus, th e  fo rm e rly  s y m p a th e tic  innerva tion  
o f s w e a t g lands has n o w  tu rn e d  in to  a p a ra sym p a th e tic  innerva-

tio n  o f th e  sam e  g lands. A c tiva tio n  o f th e  p a ra sym p a th e tic  sys te m  
(e.g. in a hung ry  person  see ing  de lic ious  fo o d ) re su lts  in sw ea tin g  
o f th e  cheek area a d jacen t to  th e  ear (thus, g us ta to ry  sw ea ting ). 
P aro titis  ep id em ica  o r m u m p s  is ve ry  pa in fu l because th e  paro
tid  fascia  re s tr ic ts  th e  expans ion  o f th e  s w o lle n  g landu la r tissu e . 
M a lignan t tu m o u rs  o f th e  p a ro tid  g land  can re su lt in a lesion  o f 
th e  N. fac ia lis  [VII]; by co n tra s t, ben ign  paro tid  g land tu m o u rs  are the  
m o s t co m m o n  tu m o u rs  o f  th e  paro tid  g land and rarely dam age th e  
N. fac ia lis  [VII].
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Vessels and nerves -► Nose -► M outh and oral cavity  Salivary glands

Parotid gland, horizontal section

Plexus cavernosus

Meatus nasi inferior

Cartiiago nasi lateralis

Concha nasalis media

Sinus maxillaris

M. pterygoideus lateralis

A. carotis interna 

Proc. styloideus

A. vertebralis

M. temporalis

Proc. coronoideus

Proc. condylaris

Glandula parotidea, 
Pars superficialis

Cartiiago auriculae

Glandula parotidea, 
Pars profunda

Proc. mastoideus A. occipitalis

Fig. 8 .155  P aro tid  g lan d , G lan du la  p a ro tid e a , and m as tic a to ry  
m uscles. M m . m astica to rii; horizonta l se c tion ; in fe rio r v iew .
The G landula paro tidea c o n s is ts  o f tw o  parts. The  superfic ia l part (Pars  
superfic ia lis) is loca ted  im m e d ia te ly  in fro n t o f th e  o u te r ear. P ro jecting

deep  in to  th e  Fossa re tro m an d ibu la ris  is th e  larger p a rt o f th e  g land 
(Pars p ro fu n d a) w h ic h  is devo id  o f a fasc ia . Th is  se c tion  s h o w s  th e  
M m . te m p o ra lis  and p te ryg o id eu s  la tera lis pos itio n ed  b e tw e e n  the  
G landula paro tidea  and th e  S inus m axillaris.

S a liv a ry  G lan ds (G lan du lae  salivariae  oris)

Three  b ila tera l large sa livary g lands (G landulae sa livariae m ajores) and m u ltip le  sm a ll sa livary g lands (G landulae sa livariae m ino res) supp ly  
saliva to  th e  oral cavity.

Large saliva ry  glands •  paro tid  g land (G landula parotidea)
•  subm a n d ib u la r g land (G landula subm and ibu la ris)
•  sub lingua l g land (G landula sublingua lis)

-  pp. 40, 42, 46, 54, 90, 96 
- *  pp. 42, 9 2 -9 6  
-» pp. 63, 88, 9 3 -9 6

S m all sa liva ry  glands •  lip  (G landulae labiales) -  p. 68
•  ch ee k  (G landulae buccales)
•  to n g u e  (G landulae linguales) - *  pp. 83, 95, 96
•  palate (G landulae palatinae) -» pp. 80, 96
•  a round  m o la rs  (G landulae m olares)



Openings of the salivary glands

Head O verview  -» Skeleton and jo in ts  -► Muscles -► Topography

Gingiva

Papilla ductus parotidei

Fig. 8 .156  O p en ing  o f th e  e xcre to ry  d u c t o f th e  p a ro tid  gland; 
Papilla  ductus  p a ro tid e i, r ig h t side; in fe rio r v ie w  fro m  an ob lique  
angle.
The  open ing  o f th e  e xc re to ry  d u c t o f th e  G landula paro tidea  (D uctus 
paro tideus, STEN SEN 's duct) is loca ted  o p p o s ite  to  th e  second  m o la r 
to o th  on th e  Papilla d uc tu s  paro tide i in th e  V e s tib u lu m  oris.

Lingua, Facies inferior 

Plica fimbriata

Frenulum linguae

Plica sublingualis 

Caruncula sublingualis

Gingiva

Fig. 8 .157 O p en ing  o f th e  e xcre to ry  d u c t o f th e  s u b m a n d ib u lar  
g lan d , C aruncu la  sub lingualis ; fro n ta l su pe rio r v iew .
The  e xc re to ry  d u c t o f th e  G landula subm and ibu la ris  (D uctus  subm and i
bu laris , W H A R T O N 's  duct) runs a t th e  flo o r  o f th e  m o u th  (-» Figs. 8 .160

and 8.161), m e rge s  w ith  th e  m ain e xc re to ry  d u c t o f th e  G landula sub 
lingualis  (D uctus  sub lingua lis  m ajor), and ope n s  at th e  C aruncula sub lin 
gua lis on  bo th  s ides o f th e  F renu lum  linguae and beh ind  th e  inc iso rs 
in to  th e  C avitas o ris  propria .

i- Clinical Rem arks--------------------------------------
A n o m a lie s  o f th e  e xcre to ry  d u ct sys te m , in pa rticu la r th e  D uctus  
subm and ibu la ris , can re su lt in th e  fo rm a tio n  o f a ranu la  (re ten tion  
c y s t fille d  w ith  saliva).
In k idney d isease, increased  leve ls  o f rena lly c lea red  su bs ta nce s  can 
be d e te c te d  in th e  saliva. Salt (ca lc ium  p hospha te  as m ain co m p o 
nent) dep o s ition  fro m  th e  saliva can cause ca lcu lus o r ta rta r, particu 
larly a t th e  lingual s ide  o f th e  lo w e r inc isors, o r can lead to  sa livary

g landular s to n e s  (s ia lo liths) w ith in  th e  e xc re to ry  d u c ts  o f sa livary 
g lands. Th is  can cause  th e  o b s tru c tio n  o f th e  d u c t w ith  ep iso d es  o f 
sa livary "c o lic s "  and s w e llin g  o f th e  g land (so-called) sa livary tu m o u r). 
R adiation th e ra py  o f head and neck tu m o u rs  can lead to  th e  dry  
m o u th  syn d ro m e  w ith  d if fic u ltie s  in s w a llo w in g  and speaking. In 
fla m m a tio n s  o f th e  sa livary g lands can be acute  o r s h o w  a ch ron ic  
p rogress ion .

Dens molaris III [serotinus]

Dens molaris II

Dens molaris I 

Dens premolaris II 

Dens premolaris I 

Dens caninus 

Dens incisivus II 

Dens incisivus I
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Vessels and nerves -► Nose -► M outh and oral cavity  Salivary glands

Submandibular gland

V. jugularis externa

A.; V. facialis Nodi lymphoidei submandibulares

Glandula parotidea 

N. facialis [VII], R. colli

M. digastricus,
Venter posterior

N. hypoglossus [XII]

M. stylohyoideus

V. thyroidea superior 

A. thyroidea superior

M. constrictor pharyngis inferior 

M. thyrohyoideus

Platysma 

M. digastricus, Venter anterior 

Fascia cervicalis, Lamina superficialis

M. mylohyoideus

A. submentalis 

Glandula submandibularis

Fig. 8 .158  S u b m a n d ib u la r g lan d , G lan du la  s u b m an d ib u laris , le ft 
s ide ; in fe rio r v ie w  fro m  an o b lique  latera l angle.
The Glandula su bm a n d ib u la ris  is loca ted  in th e  T rig on u m  subm andibu- 
lare. The g land has its  o w n  fascia  enc lo se d  w ith in  th e  supe rfic ia l cervi-

cal c o m p a rtm e n t as d e linea ted  by  th e  Lam ina supe rfic ia lis  o f th e  Fascia 
ce rv ica lis  ( - *  p. 169). Th is  g land has a d ire c t to p o g ra p h ic  re la tionsh ip  to  
th e  A. and V. fac ia lis .

Glandula sublingualis

Ductus parotideus
Glandula parotidea accessoria

M. masseter; Fascia masseterica 

Glandula parotidea

M. digastricus, Venter anterior

M. genioglossus 

V. sublingualis 

A. lingualis 

Ganglion submandibulare

Nodus lymphoideus submandibularis

Ductus submandibularis

Fascia cervicalis, Lamina superficialis 

M. digastricus, Venter posterior

Glandula submandibularis

Fascia cervicalis, Lamina superficialis

M. digastricus, Venter anterior

Platysma 

M. mylohyoideus

A.; V. submentalis 

A.; V. facialis

M. geniohyoideus 

M. mylohyoideus 

Glandula submandibularis

M. styloglossus 

N. hypoglossus [X[l]

M. hyoglossus M. stylohyoideus

Fig. 8 .159  S u b m a n d ib u la r g lan d , G lan du la  s u b m an d ib u laris , and  
sublingua l g lan d , G lan dula  sub ling ua lis , le ft side; la tera l in fe rio r 
v iew .
The supe rfic ia l g landu la r p o rtion  o f th e  G landula subm and ibu la ris  is 
b en t backw ard , th e  M . m y loh yo id e u s  is separa ted  fro m  th e  M and ibu la  
and fo ld e d  m edia lly. B enea th  th e  rem oved  m usc le , th e  deep  g landular 
p o rtion  o f th e  G landula subm and ibu la ris  and th e  G landula lingualis,

pos itio n ed  paralle l to  th e  C orpus m and ibu lae , beco m e  vis ib le .
A rte ria l supp ly  to  th e  g lands co m es fro m  th e  Aa. fac ia lis , subm en ta lis , 
and lingualis. The ven o u s  b lood  is d ra ined by  th e  V. sub lingua lis  and V. 
su b m e n ta lis  in to  th e  V. fac ia lis  o r d ire c tly  in to  th e  V. jugu la ris  interna. 
R eg ional lym p h  nodes are th e  Nodi lym pho ide i su bm e n ta les  and sub- 
m and ibu la res.
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Head O verview  -► Skeleton and jo in ts  -► Muscles -► Topography

Submandibular and sublingual glands

Fig. 8 .160  S u b m a n d ib u la r g lan d , G lan du la  s u b m an d ib u laris , and  
sub ling ua l g lan d , G lan du la  sub ling ua lis , r ig h t side; m edia l v iew . 
The  G landula sub lingua lis  is loca ted  above th e  M . m y loh yo id e u s  and 
latera l fro m  th e  M . gen iog lossus . The  g land s o m e tim e s  p e rfo ra tes  th e  
flo o r  o f th e  m o u th . The  g landu la r body bu lges o u t th e  m ucosa  a t th e  
flo o r  o f th e  m o u th  c rea ting  th e  Plica sub lingua lis  w h ic h  co n ta in s  m u lti
p le  o pen ings  o f sm a lle r e xc re to ry  d u c ts  (D uctus  sub lingua les  m inores)

derived  fro m  th e  p o s te rio r g landular part. The  lo w e r part o f th e  G landu
la subm and ibu la ris  e m braces th e  p o s te rio r m arg in  o f th e  M . m y loh yo i
deus in a hook-shaped m anne r and e x te n ds  as D uctus  subm and ibu la ris  
above  th is  m u sc le . The N. lingualis  courses  b e tw e e n  th e  G landula sub 
m and ibu la ris  and th e  G landula sub lingua lis  and b e lo w  th e  D uctus  sub 
m and ibu la ris  to  th e  to ngue .

Ductus sublingualis major

Glandula sublingualis

Caruncula sublingualis

Ductus submandibularis

Gingiva

M. genioglossus

/#
M. mylohyoideus-------- / - *

Radix linguae

Os hyoideum, Cornu majus

M. hyoglossus

N. lingualis

— A. alveolaris inferior 

N. alveolaris inferior

N. hypoglossus [XII] 

Glandula submandibularis

Fig. 8.161 S u b lin g u a l g lan d , G lan du la  sub ling ua lis , and  
su b m a n d ib u la r g lan d , G lan du la  s ubm and ibu laris ; supe rio r v iew . 
The  an te rio r p o rtion  o f th e  G landula sub lingua lis  co n ta in s  a s ing le  larger 
e xc re to ry  d u c t (D uctus sub ling ua lis  m ajo r) w h ic h  m erges  w ith  th e

D uctus  subm and ibu la ris  su pe rio r to  th e  M . hyog lossus. The m erged  
e xc re to ry  d u c ts  open at th e  C aruncula sub lingua lis . The  N. h ypog lossus 
[XII] reaches th e  to n g u e  b e tw e e n  th e  M . h yog lossus and M . gen io g lo s 
sus.

Clinical Remarks
S ia lo lith s  are m o s t fre q u e n tly  obse rved  in th e  e xc re to ry  d u c t o f 
th e  G landula subm and ibu la ris . In a co nce n tra te d  saliva, sa lts  fo rm  
c rys ta ls  th a t c rea te  a s ia lo lith  w h ic h  can b lock  th e  e x c re to ry  duct.

D uring  m ea ls , th e  g land qu ick ly  increases in size and b eco m e s pain
fu l (-> p. 92).
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Submandibular and sublingual glands

Cartiiago cricoidea

A.; V. laryngea 
N. laryngeus superior

Membrana thyrohyoidea

Ductus sublingualis major 

Caruncula sublingualis 

Ductus sublingualis major 

Ductus submandibularis 

Septum linguae 

N.; A.; V. sublingualis

A. lingualis;
V. comitans nervi hypoglossi

N. lingualis 

Ganglion submandibulare

N. hypoglossus [XII]

Cartiiago thyroidea M. constrictor pharyngis inferior

(Lobus pyramidalis, Var.)

Glandula thyroidea, 
Lobus dexter

Glandula lingualis

Plica fimbriata

Ductus sublinguales minores

Plica sublingualis 

M. genioglossus

M. geniohyoideus 

Glandula sublingualis

M. styloglossus 

M. hyoglossus

M. mylohyoideus

Glandula submandibularis

M. digastricus, Venter anterior 

M. stylohyoideus 

Os hyoideum

M. omohyoideus, Venter superior 

M. sternohyoideus

M. thyrohyoideus

M. mylohyoideus

Glandula submandibularis

M. cricothyroideus
M. sternothyroideus

Fig. 8 .162  Vessels and nerves o f th e  to n g u e , L ingu a, large  
salivary  g lands, G lan d u lae  salivariae  m ajores; fro n ta l in fe rio r v iew . 
A  fro n ta l v ie w  o n to  th e  e leva ted  to n g u e  d isp lays a sube p ith e lia l venous 
p lexus  on th e  unde rs ide  o f th e  to n g ue . On th e  righ t s ide , th e  Glandula 
sub lingua lis  w a s  re flec te d  u pw a rd s  to  a llo w  an unp e rtu rb ed  v ie w  o f th e

N. lingualis  and th e  D uc tus  subm and ibu la ris  (W H A R TO N 's  duct) be
neath. The  N. h ypog lossus [XII] e n te rs  th e  to n g u e  s lig h tly  deeper. A s  a 
fre q u e n t re m n a n t o f th e  th y ro id  d eve lo p m e n t, a Lobus pyram ida lis , lo
ca ted  in fro n t o f th e  Larynx, can e x te n d  up to  th e  hyoid bone.
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8 Head O verview  -► ... -► Salivary glands

Parasympathetic innervation of the glands of the head

N. lingualis

Ganglion submandibulare

Ganglion sublinguale

R. communicans*

Glandula lacrimalis

M. sphincter pupillae

M. ciliaris

Nn. ciliares breves

N. oculomotorius [III]

Nucleus oculomotorius accessorius 
(autonomicus)**

N. ophthalmicus [V/1]

N. maxillaris [V/2]

N. petrosus major 

N. trigeminus [V]

R. communicans*

Ganglion pterygopalatinum 

Glandulae nasales

Glandulae palatinae

Nucleus salivatorius superior 

N. facialis [VII]

Nucleus salivatorius inferior 

N. glossopharyngeus [IX] 

N. tympanicus*** 

Ganglion oticum 

N. auriculotemporalis 

Chorda tympani

Rr. parotidei et 
Rr. communicantes cum 
nervo faciali

N. facialis [VII]

N. mandibularis [V/3]

N. glossopharyngeus [IX]

Glandula parotidea

Glandula submandibularis
N. lingualis

N.

Glandula sublingualis

Glandula lingualis anterior 
(apicis linguae)****

Glandulae linguales

Fig. 8 .163  P a ra s y m p ath e tic  in n e rv a tio n  o f th e  g lan ds  o f th e  
head by a u to n o m ic  gang lia  o f th e  head; sch e m a tic  d raw ing . 
P a rasym pa the tic  f ib re s  o rig ina te  fro m  th e  upper and lo w e r sa liva to ry  
nucle i (N ucleus sa liva to rius  su pe rio r and N uc leus sa liva to rius  in ferio r). 
P reg anglion ic  p a ras y m p a th e tic  f ib re s  assoc ia te  w ith  va rious nerves 
to  reach th e  para sym p a th e tic  ganglia  o f th e  head (Ganglia o ticu m , sub- 
m and ibu la re , sub lingua le , p te ryg op a la tin u m , c ilia re). Here, th e s e  fib res  
synapse  and, as s h o rt pos tg an g lio n ic  fib res , reach th e ir  ta rg e t s tru c tu 
res (glands). P reg anglion ic  s ym p a th e tic  f ib re s  fo r  th e  head derive  
fro m  th e  latera l horn o f th e  sp ina l cord. For th e  m o s t part, th e s e  fib res  
synapse  in th e  G anglion ce rv ica le  supe rius  (upper gang lion  o f th e  sym 

p a th e tic  chain). P ostgang lion ic  fib re s  c rea te  s y m p a th e tic  p lexus around 
a rte rie s  (e.g. A . ca ro tis  in terna) and reach th e ir  d es tin a tio n s  via b lood 
ve sse ls  o r by  a ssoc ia ting  w ith  local nerves.

lacrim a l g land a na s tom o s is  o f p a ra sym p a th e tic  se c re to ry  fib re s  
fro m  th e  N. in te rm e d iu s  o f th e  N. fac ia lis  [VII] w ith  th e  R. lacrim a
lis o f th e  N. o ph tha lm icu s  [V/1] to  th e  lacrim a l gland 
ED IN G ER -W ESTPH AL nucleus 

* * *  JA C O B S O N 'S  nerve  
* * * *  B L A N D IN 's  g land
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The Eye -  
a Window to the World
W h e n  a n a to m is ts  d iscuss  th e  v isua l o rgan (O rganum  visus), f irs t ly  th e y  
m ean th e  eyeba ll (B u lbus oculi) and, second ly , th e  auxilia ry  s tru c tu re s  
in its  im m e d ia te  su rround ings  (S tructu rae  o cu li accessoriae). E xcep t fo r 
th e  eye lids  (Palpebrae), all aux ilia ry  s tru c tu re s  -  inc lud ing  th e  eyeball -  
are enc losed  w ith in  th e  o rb it (Orbita).

O rb it

"O rb ita "  is ce rta in ly  one  o f th e  least app rop ria te  ana tom ica l te rm s . The 
w o rd  is de rive d  fro m  th e  w o rd  "o rb is "  (circle), b u t a q u ick  look  a t th e  
sku ll c o n firm s  im m e d ia te ly  th a t th e  o u te r open ing  o f th e  o rb it (A d itus 
orb ita lis ) is n o t c o m p le te ly  c ircu la r b u t its  c o n to u r is ra the r oval to  round. 
A t  th e  nasal m arg in  o f th e  A d itu s  o rb ita lis , th e  b ony  s tru c tu re s  o f th e  
naso lacrim a l canal (Canalis naso lacrim a lis) open to w a rd s  th e  o rb it. The 
w a lls  o f  th e  o rb it fo rm  a s te e p  pyram id  to w a rd s  th e  ins ide  o f th e  o rb it, 
w ith  its  upper and lo w e r w a ll pe rfo ra ted  by tw o  large fis s u re s  (Fissurae 
o rb ita les  su pe rio r and in fe rio r) to  a llo w  m a ny  nerves and ve sse ls  to  
pass th ro u gh . The  canal fo r  th e  o p tic  nerve  (Canalis nerv i optic i) is loca
te d  a t th e  tip  o f th is  pyram id .

Eyeball

The B u lbus o cu li (lat. " b u lb u s " : th e  on ion ) a c tua lly  re sem b le s  an onion  
m ore  than  a ball. O ne can im ag ine  a m u ltila ye re d  on ion  sp rou tin g  a t one 
po le  and roo ting  a t th e  o pp o s ite  pole . S im ila rly , th e  ocu la r bu lbus is 
m ade  up o f m u ltip le  layers. The eyeba ll co n ta in s  a w a tchg la ss -cu rve d  
tra n sp a re n t co rnea  (Cornea) and th e  o p tic  nerve  (N. o p ticu s  [II]) a t its  
an te rio r and p o s te rio r pole , respective ly .

The  o u ter (fibrous) layer o f th e  eyeb all (Tunica fib rosa  bulb i) is co m 
posed  o f th e  sclera (Sclera) and cornea (Cornea) and co ns is ts  o f firm  
co llagenous co nn e c tive  tissu e . The  ex tra -ocu la r m u sc le s  (see be low ) 
are anchored  in w h a t one p erce ives  as " th e  w h ite  o f th e  e y e " , w h ic h  is 
th e  Sclera. The Sclera tu rn s  in to  th e  avascu lar and tra n sp a re n t cornea 
(Cornea) w h ic h  co ns is ts  a lso m a in ly  o f co llagen.

The m id d le  (vascular) layer o f th e  eyeb all (Tunica vasculosa bulb i) 
co ns is ts  o f ch oro id  (Choro idea), c ilia ry  b ody  (C orpus cilia re) and iris 
(Iris). It is ve ry  rich in vascu la tu re  (b ranches o f Aa. cilia res) and s tro n g ly  
p ig m e n te d . Th is  vascu la r laye r o f th e  eye  a lso con ta ins  th e  in traocu lar 
m u sc le s  w h ic h  are n o t su b je c t to  vo lu n ta ry  co n tro l. F rom  th e  o u ts ide , 
th e  iris, th e  a n te rio r p o rtion  o f th e  Tunica vasculosa , a long  w ith  th e  
pup il (Pupilla) is v is ib le . M u sc le s  loca ted  w ith in  th e  iris  can c o n s tr ic t or 
d ila te  th e  pup il (adaption). A lon g  and beh ind  th e  ro o t (ou te r m arg in ) o f 
th e  iris , th e  Tunica vasculosa fo rm s  a c ircu la r bu lge  kn ow n  as th e  c ilia ry  
b ody  (C orpus c ilia re). The  M . c ilia ris  is anchored  w ith in  th e  C orpus cilia 
re. The  c ilia ry  b ody  rece ived  its  nam e because o f th e  radial zonu lar f i 
b res  (Fibrae zonulares) w h ic h  rad ia te  to w a rd s  th e  m idd le  to  secure  th e  
lens (Lens) in its  pos itio n  im m e d ia te ly  beh ind  th e  pup il. N orm a lly , th e  
lens is tra n sp a re n t and e lastic . The e ffe c t o f th e  zonu la r f ib re s  and th e  
c ilia ry  b ody  on th e  shape o f th e  lens changes th e  re fra c tive  p o w e r o f 
th e  lens  and leads to  fo cu ss in g  o f  th e  eye (accom m oda tion ). The  actual 
vascu la r laye r separa tes  th e  Sclera and Retina and covers  th e  p os te rio r 
ha lf o f th e  eyeba ll.

The  in n er layer o f th e  eyeb all (Tunica in te rna  bu lb i, syn. Retina) con 
s is ts  o f a p h o to re ce p to r-fre e  (i.e. nonvisual) (Pars caeca re tinae) and a 
p h o to re c e p to r (i.e. visual) part (Pars op tica  re tinae). The Pars caeca is a 
th in , heavily p ig m e n te d  e p ith e liu m  th a t covers  th e  p o s te rio r part o f th e

iris  and th e  C orpus c ilia re. A lon g  th e  se rra ted  edge (Ora serrata), ju s t 
beh ind  th e  c ilia ry  body, it tra n s fo rm s  in to  th e  m uch  th ic k e r Pars optica . 
H o w e ve r, th is  " s e e in g "  Pars optica  has a b lind  s p o t (D iscus nerv i op- 
tic i), w h e re  th e  o p tic  nerve  leaves th e  Retina and th e  b ranches o f th e  
A . ce n tra lis  re tinae  p en e tra te  in to  th e  Retina.

A ll layers o f th e  eyeba ll and th e ir  d if fe re n tia tio n s  su rround  th e  g e la ti
nous, to ta lly  tra n sp a re n t in te rio r o f th e  eye, th e  v itreo u s  bo dy  (Corpus 
v itre um ). It s tab ilizes  th e  e n tire  m e m bra n o us  s tru c tu re  o f th e  eye by  its 
sw e llin g  p ressu re  (in tra-ocu lar p ressure ) -  s im ila r to  th e  a ir bubb le  in
s ide  a so cce r ball s tab iliz ing  its  lea the ry  coat.

A u x ilia ry  S tructures

The auxilia ry  s tru c tu re s  o f th e  eye  c o n s is t o f th e  eye lids  (Palpebrae), 
th e  con junctiva  (Tunica con junctiva), th e  lacrim a l appara tus (Appara tus 
lacrim a lis), th e  s ix  ex tra -ocu la r m u sc le s  and th e ir  th re e  m o to r (cranial) 
nerves, n um e ro u s  b lood ve sse ls , and a cons ide rab le  o rb ita l fa t body 
(C orpus a d iposum  orb itae).

The eye lids  (Palpebrae) are n o t o n ly  respons ib le  fo r  th e  p ro te c tion  o f 
th e  eyeba ll b u t d is tr ib u te  th e  te a r fi lm  across th e  su rface  o f th e  eye 
w h ile  c o n s ta n tly  b link ing . Th is  p reve n ts  th e  su rface  o f th e  eye fro m  
d ry ing  o u t. Loca ted  in th e  eye lids, n um e ro u s  specia lized  sebaceous 
g lands (M E IB O M IA N  g lands; G landulae tarsa les) c o n tr ib u te  a fa tty  se 
cre tion  to  th e  te a r film .

The con junc tiva  (Tunica con junctiva ) is a th in , tra n sp a re n t ep ithe lia l 
laye r and covers  th e  inne r s ide  o f th e  Palpebrae and th e  v is ib le  part o f 
th e  Sclera. Its  m u cou s  se c re tio n s  are a c o m p o n e n t o f th e  te a r f ilm . A t 
th e  co rnea l lim bus  (L im bus corneae) th e  con junctiva  tra n s itio n s  in to  th e  
cornea l e p ith e liu m .

The lacrim al g land  (G landula lacrim a lis), p os itio n ed  a t th e  upp e r o u te r 
(lateral) co rne r o f th e  o rb it, and num e ro u s  accesso ry  g lands (G landulae 
lacrim a les accessoriae) loca ted  in th e  e ye lids , p roduce  th e  w a te ry  con 
s titu e n t o f th e  te a rs  (Lacrim ae). D uring  eye lid  c losu re  th e  te a r film  is 
w ip e d  to w a rd s  th e  m ed ia l (nasal) can thus  (nasal palpebra l co m m issu re ) 
w h ic h  co n ta in s  th e  lacrim a l caruncle  (Caruncula lacrim a lis), w h e re  th e  
co lle c te d  tea rs  accum u la te  to  c rea te  a lacrim a l lake (Lacus lacrim alis). 
The lacrim a l pun c ti (Puncta lacrim alia), one  open ing  above and the  
o th e r b e lo w  th e  C aruncula, are co n n e c te d  to  tw o  lacrim a l cana liculi (Ca- 
na licu li lacrim a les). These  cana licu li drain  th e  te a rs  in to  th e  lacrim a l sac 
(Saccus lacrim alis), w h ich  opens in to  th e  nasolacrim al d u c t (D uctus naso
lacrim a lis) and e m p tie s  th e  tea rs  in to  th e  nasal cavity.

A ll s ix  e x tra -o c u la r m uscles in se rt a t th e  B u lbus oculi and m ove  it in 
d if fe re n t d ire c tio n s . M o s t o f th e m  arise fro m  a co m m o n  te n d in o u s  ring 
(A nu lus te n d in e u s  co m m u n is ) w h ic h  su rrounds th e  N. o p ticu s  [II] a t its  
e n try  in to  th e  o rb it. A n  e xcep tio n  is th e  in fe rio r o b lique  eye m usc le  
w h ic h  lies on  th e  flo o r  o f th e  o rb it and o rig ina tes  d ire c tly  latera l to  the  
open ing  o f th e  Canalis naso lacrim a lis . The ex tra -ocu la r m u sc les  fo rm  a 
m u sc le  cone  beh ind  th e  eyeba ll w ith  its  t ip  p o in tin g  to w a rd s  th e  Cana
lis nerv i o p tic i. Loca ted  in th e  ce n tre  o f th e  Canalis nerv i o p tic i, th e  A. 
o ph tha lm ica  and th e  N. o p tic u s  [II] reach th e  p o s te rio r po le  o f th e  eye 
ball. The th re e  nerves inne rva ting  th e  ex tra -ocu la r m usc les , va rious 
b ranches o f th e  N. o ph tha lm icu s  [V/1 ], as w e ll as th e  b ranches o f th e  V. 
o ph tha lm ica  are pos itio n ed  w ith in  o r a d jacen t to  th e  cone . The rem a i
n ing  gaps b e tw e e n  th e  s tru c tu re s  are fille d  by  ad ipose  tissu e , th e  C or
pus a d ip osum  o rb itae .
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i— Clinical Rem arks-----------------------------------
The dry  eye s yn d ro m e (ke ra toco n jun c tiv itis  s icca  com plex) is 
one  o f th e  m o s t fre q u e n t ch ron ic  d iseases a ffe c tin g  th e  su rface  
o f th e  eye. E very second  p a tie n t co nsu ltin g  an o p h th a lm o lo g is t in 
W e s te rn  industria l co u n tr ie s  s u ffe rs  fro m  th is  d isease.
The  age -d e pe n d en t m acu la r d e g e n e ra tio n  (A M D ) is th e  m o s t 
fre q u e n t cause  o f b lindness  in th e  industria lised  w o rld , fo llo w e d  
by  d ia b e tic  re tino p a th y  and g laucom a. W h ile  A M D  m o s tly  a ffe c ts  
e lde rly  peop le , d iab etic  re tin o p a th y  m o s tly  a ffe c ts  ind iv idua ls  
during  th e  p rim e  o f th e ir  life  (approx. 2000  n e w  cases o f b lind 
ness p er year). S im ila r inc idence  ra tes as re po rte d  fo r  d iabe tic  
re tino p a th y  app ly  to  glau co m a.
D esp ite  th e  fa c t th a t ca ta ra c t is a co m m o n  d isease, it is no t 
a fre q u e n t cause  o f b lindness  in W e s te rn  industria l co un trie s  
s ince  p ro m p t su rg ica l in te rve n tio n  is an e ffe c tiv e  re m ed y  in 
s y m p to m a tic  ca ta rac t p a tien ts . H ow eve r, ca ta rac t is th e  m ain 
cause o f b lindness  w o rld w id e . A cco rd in g  to  th e  W o rld  H ealth  
O rgan iza tion  (W H O ), ca ta rac t is respons ib le  fo r  4 8 %  o f all 
cases o f b lindness  (approx. 17 m illion  pa tien ts ) w o r ld w id e . The 
m a in  reason is a p oo r hea lthca re  sys te m  in large parts  o f th e  w o rld . 
In A frica , S o u th ea s t Asia, C entra l and Latin (South) A m erica , and 
in th e  M id d le  East, a p p ro x im a te ly  84  m illion  p a tie n ts  s u ffe r  fro m  
tra c h o m a  in fectio n  and 1.3 m illion  o f th o s e  in fe c te d  ca nn o t be 
cu red  (costs fo r  tre a tm e n t approx. 15 € /p e rs o n ). T rachom a in
fe c tio n  is a c lassica l d isease  o f d eve lop ing  co u n tr ie s  w ith  poor 
san ita tion  and co n ta m in a te d  d rink ing  w a te r. A n o th e r cause  o f 
b lindness  during  ch ildhood  in deve lo p in g  co un trie s  is v ita m in  A 
defic iency (costs o f tre a tm e n t approx. 1 € /  child).

—► D i s s e c t i o n  L i n k

For th e  dissection  o f th e  o rb it, th e  Pars o rb ita lis  o f th e  M . o rb icu la ris  
o cu li to g e th e r w ith  th e  Partes pa lpebra les o f th e  upper and th e  lo w e r 
lid are rem oved  fro m  th e  unde rly ing  co nn e c tive  tis su e  and tu rn e d  over 
m edia lly. The  s tru c tu re s  shou ld  n o t be de tached  a t th e  nasal canthus. 
S ep tum  o rb ita le , Tarsus su pe rio r and in fe rio r, and th e  Ligg. palpebra- 
lia m ed ia le  and latera le  are p rese n te d . For crania l access to  th e  or
b it, skin and m u sc le s  covering  th e  fro n ta l bone and th e  Dura m a te r in 
th e  a n te rio r cranial fossa  are rem oved . The o p en ing  th e  o rb ita l roof 
shou ld  be  carried  o u t ca re fu lly  to  avoid dam age to  th e  P erio rb ita  and 
o th e r s tru c tu re s  passing  th ro u g h  th e  Fissura o rb ita lis  supe rio r. Upon 
op en ing  o f th e  P erio rb ita , th e  M . leva to r pa lpebrae supe rio ris  w ith  a t
tached  eye lid  is d isse c te d  to w a rd s  th e  A n u lu s  te n d in e u s  (do n o t detach 
th e  N. tro ch le a ris  and R. su pe rio r o f th e  N. o cu lo m o to riu s ). N ext, all th e  
s tru c tu re s  o f th e  o rb it are d isse c te d  fro m  to p  to  b o tto m  by rem ov ing  
th e  o rb ita l fa t  body. C arefu l b lu n t rem ova l o f th e  o rb ita l fa t b ody  shou ld  
be p e rfo rm e d  to  p rese rve  th e  G anglion ciliare.

e x a m - : h e c k  l is t
•  O rb ita : b o n y  m a rg in s , o p e n in g s , s tru c tu re , to p o g ra p h ic  re la t io n 
s h ip s  •  c lin ic a l re m a rk s  (e .g . b lo w -o u t  fra c tu re , o rb ita l p h le g m o n )
•  b lo o d  v e s s e ls  (c a v e rn o u s  s in u s  th ro m b o s is  ) •  N n . c ra n ia le s  [ I I -  
V I] ( in c lu d in g  n u c le i o f  th e  T ru n c u s  c e re b r i,  G a n g lio n  tr ig e m in a le )
•  G la n d u la  la c r im a lis  •  G a n g lio n  c ilia re  •  re tro -o rb ita l fa t  b o d y  
(G R A V E S ' d ise a se , M E R S E B U R G  tr ia d , e n d o c r in e  o rb ito p a th y )  •  
e x tra -o c u la r  m u s c le s : lo c a tio n , in n e rv a t io n , fu n c t io n ,  p a ra ly s is  •  
B u lb u s  o c u li:  b lo o d  s u p p ly  a nd  in n e rv a t io n  •  in t ra -o c u la r  m u s c le s : 
in n e rv a t io n , fu n c t io n ,  p a ra ly s is , H O R N ER 's s y n d ro m e  •  s u p p o r t iv e  
s tru c tu re s  a n d  e ye  s u rfa c e : e y e lid s , te a r  f i lm ,  c o n ju n c t iv a , c o rn e a , 
d ra in in g  la c r im a l d u c ts
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9 Eye D evelopm ent -► Skeleton -► Eyelids -» Lacrimal apparatus

Development

Week 5

Week 4

Fig. 9.1 D e v e lo p m e n t o f th e  eye, w e e k  4. [21 ]
A t  w e e k  4, th e  o p tic  ves ic le  bu lges o u t o f th e  d iencepha lic  area o f th e  
p rosencepha lon . A s  th e  o p tic  ve s ic le  g ro w s , its d is ta l part g e ts  in con 
ta c t w ith  th e  su rrou n d in g  su rface  e c to d e rm  and induces th e  fo rm a tion  
o f th e  lens p lacode.

Fig. 9 .2  D e v e lo p m e n t o f th e  eye, w e e k  5; pho tom ic ro g ra p h  o f a 
sagitta l se c tion . [20]
Th is  im age  d isp lays  an invag ina ted  dou b le -w a lle d  o p tic  ve s ic le  w ith  op
t ic  cup fo rm a tio n  in c lose  c o nn e c tio n  w ith  th e  lens p lacode. Located 
b e tw e e n  th e  tw o  layers o f th e  o p tic  cup (p rim o rd iu m  o f th e  Retina) 
and in th e  o p tic  s ta lk  (p rim o rd iu m  o f th e  N. o p tic u s  [II]), th e  in trare tina l 
space is s till re la tive ly  w id e .

Week 5

Fig. 9 .3  D e v e lo p m e n t o f th e  eye, w e e k  5. [21 ]
The  spherica l lens ve s ic le  separa tes  fro m  th e  su rface  e c to d e rm  and th e  
rim  o f th e  o p tic  cup  in fo ld s  on th e  lens ves ic le . The o p tic  cup  rem ains 
co nn e c te d  w ith  th e  d iencepha lon  by a sm a ll o p tic  s ta lk , th e  fo rm e r Sul
cus op ticus .

Fig. 9 .4  D e v e lo p m e n t o f th e  eye, w e e k  6. [21 ]
A t th e  d ee p e s t p o in t in th e  o p tic  cup, a long itud ina l g roove , th e  o p tic  
fis su re , b eco m e s v is ib le . Th is  o p tic  f is su re  co n ta in s  b lood vesse ls  and 
th e  f ir s t  nerve  fib re s  o f th e  la te r N. o p ticu s  [II]. The  b lood  ve sse ls  sup 
p ly  as A. and V. hyalo idea th e  ins ide  o f th e  o p tic  cup. A t  7 m o n th s , d ista l 
parts  o f th e  hyalo id  b lood  ve sse ls  degenera te , w h e re a s  th e  prox im al 
parts  p e rs is t as A. and V. ce n tra lis  re tinae  in c lose  c o nn e c tio n  w ith  th e  
N. o p ticu s  [II].

i- Development of the Eye-------------------------
Eye d e v e lo p m e n t s ta rts  a t th e  beg inn ing  o f w e e k  4  w ith  th e  fo rm a 
tio n  o f th e  o p tic  ves ic le  in th e  p rosencepha lic  area th a t g ives  rise to  
th e  d iencepha lon . Early on, th e  an te rio r po le  fo ld s  inw a rds  to  fo rm  
a p rim itiv e  o p tic  cup. The  re tina l p ig m e n t e p ith e liu m  d erives  fro m  
th e  p o s te rio r se c tion  o f th e  o u te r laye r o f th e  o p tic  cup, w h e re a s  its 
an te rio r se c tion  g ives  rise  to  th e  c ilia ry  body and Iris. The  inne r layer 
o f th e  o p tic  cup  deve lo ps  to  b eco m e  th e  R etina. A t th e  c o n ta c t zone 
b e tw e e n  th e  o p tic  cup and th e  su rface  e p ith e liu m , th e  lens ves ic le

fo rm s  as part o f th e  e p ithe lia l laye r ove rly ing  th e  o p tic  cup. The lens 
ves ic le  tra n s lo ca te s  benea th  th is  e p ithe lia l layer. The  e c to d e rm  is 
a lso th e  o rig in  fo r  th e  Cornea and C on junctiva . M o s t o f th e  o th e r 
c o m p o n e n ts  o f th e  m idd le  and o u te r eye  are  o f m e sen ch ym a l o ri
g in. A  w e b  o f b lood  ve sse ls  (w ith  co n tr ib u tio n  by  th e  A. hyaloidea) 
in itia lly  su rrou n d s  th e  p rim o rd iu m  o f th e  lens  w h ic h  d isappears  la te r 
on. The  p rox im a l s tu m p  o f th e  A. hyalo idea b eco m e s th e  A . cen tra lis  
re tinae.

Wall of optic 
stalk

(continuous with 
wall of forebrain)

Cavity of 
optic stalk 

(continuous 
with cavity of 

forebrain)

Intraretinal
space

Mesenchyme 
(primordium of 

choroid and 
sclera)

Surface
ectoderm

Lens pit

Inner layer of 
the optic cup 
(primordial of 
neural layer of 
retina)

Outer layer of 
the optic cup 
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retinal pigment 
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Week 6
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retinal fissure

100



Muscles o f the eye -► Topography -► Eyeball -► Visual pathw ay

Development

Week 6

Pigment epithelium 
of the retina

Neural epithelium 
of the retina

N. opticus

Branches of the 
A. hyaloidea

Intraretinal
space

Anterior epithelial 
layer of lens 
Lens fibres

Iris

Vitreous body

Choroidea
Sclera A. hyaloidea

Vitreous body 

Cornea

Lens with lens 
fibres

Fig. 9 .5  D e v e lo p m e n t o f th e  eye , w e e k  6; pho tom ic ro g ra p h  o f a Fig. 9 .6  D e v e lo p m e n t o f th e  eye , w e e k  8. [21 ]
sagitta l se c tion . [20] M e sen ch ym a l ce lls  m ig ra te  in to  th e  o p tic  cup and fo rm  th e  v itre ou s
A t w e e k  7, lens fib re s  fo rm  as an e longation  o f e p ithe lia l ce lls  a t th e  body (C orpus v itre um ) th a t is co m po se d  o f v itre o u s  hum our, a ge la ti-
p o s te rio r w a ll o f  th e  lens  ves ic le . nous subs ta nce  w ith  tin y  fib re s  em be d d ed . The  v itre o u s  b ody  g ives  th e

eye  bu lbus its  firm  shape.

Fig. 9 .7 M a le  n e w b o rn  w ith  cyclop ia . [20]
C yclop ia  is an anom a ly  o f th e  face  and eye  assoc ia ted  w ith  a p rob o sc is 
shaped nasal appendage  above a s ing le  m ed ia lly  loca ted  eye.

Fig. 9 .8  M a le  n e w b o rn  w ith  a n o p h th a lm ia . [20]
C ongen ita l absence  o f all c o m p o n e n ts  o f th e  eye  and a s ing le  righ t nos
tril, w ith  le f t nos tril n o t fo rm e d . A lth o u g h  eye lids  are fo rm e d , th e  upper 
and lo w e r eye lids  rem ain  la rge ly  fu se d .

i- Clinical Rem arks--------------------------------------
D ev e lo p m e n ta l defects  o f th e  eye are re la tive ly  rare. Inherited  
b lindness  has an inc idence  o f 20 per 100 000  live b irths  and in m o s t 
cases co in c id es  w ith  o th e r (m enta l) d isab ilitie s . In som e  cases, re m 
nan ts o f th e  A . hyalo idea can p e rs is t and p ro je c t fro m  th e  papilla o f 
th e  o p tic  nerve  in to  th e  v itre o u s  b ody  and even  in to  th e  lens. A s  a

resu lt, opa c ity  o f th e  lens can occur; h o w e ve r, o fte n  a p ers is ten t  
A. hya lo idea  is o f no  c lin ica l s ign ificance . C yclopia  re fe rs  to  th e  
partia l o r co m p le te  m e rg e r o f bo th  eyes in th e  m idd le  o f th e  face  
(-*  Fig. 9.7). C om p le te  lack o f eye  d e v e lo p m e n t is re fe rred  to  as 
a n o p h th a lm ia  (-» Fig. 9.8).
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Bony orbit

Foramen supraorbitale’Margo supraorbitalis 

Os sphenoidale, Ala minor

Fossa glandulae lacrimalis 

Os frontale, Proc. zygomaticus

Os sphenoidale, 
Ala major, Facies orbitalis

Margo lateralis 

Os zygomaticum, Proc. frontalis 

Fissura orbitalis superior

Os zygomaticum, Facies orbitalis 

Foramen zygomaticofaciale 

Fissura orbitalis inferior

Sulcus infraorbitalis; Canalis infraorbitalis

Margo infraorbitalis

Incisura frontalis* /  Os frontale, Pars orbitalis, Facies orbitalis

Fovea trochlearis

Canalis opticus

Foramen ethmoidale posterius

Foramen ethmoidale anterius

Margo medialis 

Os lacrimale 

Sulcus lacrimalis 

Crista lacrimalis anterior 

Fossa sacci lacrimalis 

Crista lacrimalis posterior 

Maxilla, Proc. frontalis 

Incisura lacrimalis 

Os ethmoidale, Lamina orbitalis 

Os palatinum, Proc. orbitalis 

Foramen infraorbitale v Maxilla, Facies orbitalis

Fig. 9 .9  O rb it, O rb ita , r ig h t side; fro n ta l v ie w  fro m  an ob lique  
ang le ; co lo u r chart see ins ide  o f th e  back cover o f th is  vo lum e .
Seven bon e s  fo rm  th e  w a lls  o f th e  o rb it (Os fro n ta le , O s e thm o ida le , 
Os lacrim a le , O s pa la tinum , M axilla , O s spheno ida le , and Os zygom a
ticu m ). The  Paries la tera lis borders on th e  Fossa te m p o ra lis , th e  Paries

m ed ia lis  is loca ted  c lose  to  th e  e th m o id a l ce lls  and th e  nasal cavity. A t 
its  p o s te rio r aspect, th e  O rb ita  is in to p o g ra p h ic  p ro x im ity  to  th e  m idd le  
cranial fossa , th e  Canalis o p ticu s , and th e  Fossa p te rygopa la tina .

*  These  s tru c tu re s  can be p re s e n t as Foram ina o r Incisurae.

Foramina ethmoidalia 
anterius et posterius

Os ethmoidale, Lamina orbitalis 
Fissura orbitalis superior 

Canalis opticus 
Os sphenoidale,

Ala minor

Os sphenoidale,
Ala major

Fissura orbitalis 
inferior

Sinus maxillaris

Foramen
sphenopalatinum

Fossa
pterygopalatina

Os sphenoidale, 
Proc. 

pterygoideus

r  Proc.
Os palatinum < pyramidalis 

L Proc. orbitalis

Squama
frontalis

Facies 
orbitalis

Os nasale

Os frontale

Os lacrimale

Maxilla,
Proc. frontalis 

Canalis 
nasolacrimalis

Facies
orbitalis

Maxilla

Squama frontalis

Pars orbitalis } Os frontale 

Facies orbitalis

Margo lateralis

Foramen zygomaticoorbitale

Fissura orbitalis superior

Os zygomaticum,
Facies orbitalis

Ala major 1
> Os sphenoidale 

Corpus I

Fissura orbitalis inferior 

Fissura pterygomaxillaris 

Maxilla, Facies orbitalis 

Sinus maxillaris 

Canalis infraorbitalis

Fig. 9 .10  M e d ia l w a ll o f th e  o rb it. Paries m ed ia lis  o rb itae , r ig h t  
side; la tera l v ie w ; co lo u r chart see  ins ide  o f th e  back co ver o f th is  
vo lum e.

Fig. 9.11 Latera l w a ll o f th e  o rb it, Paries la te ra lis  o rb itae , r igh t 
side; m edia l v ie w ; co lo u r chart see ins ide  o f th e  back cover o f th is  
vo lum e .

102



Muscles o f the eye -► Topography -► Eyeball -► Visual pathw ay

Bony orbit

Margo supraorbitalis

Labyrinthus ethmoidalis

Proc. zygomaticus

Os ethmoidale,
Lamina perpendicularis

Os nasale

Os ethmoidale,
Lamina et Foramina cribrosa

Fossa glandulae lacrimalis

Os ethmoidale, 
Lamina et Foramina cribrosa

nc fmntale, Squama frontalis

Os frontale, 
Facies orbitalis

Incisura supraorbitalis/ 
Foramen supraorbitale

Margo supraorbitalis

Fig. 9 .12  R oof o f th e  o rb it. Paries s uperio r o rb itae ; in fe rio r v ie w ; o f parts  o f th e  S inus fro n ta lis . A ll bones o f th e  Labyrin thus e thm o ida lis
co lo u r chart see ins ide  o f th e  back co ver o f th is  vo lu m e . are e x tre m e ly  th in  and are easily  fra c tu re d  during  surgica l p rocedu res.
The ro o f o f th e  o rb it is a lso  th e  flo o r  o f th e  an te rio r cranial fossa  and

Fig. 9 .13  Floor o f th e  o rb it, Paries in ferio r o rb itae , le ft side;
su pe rio r v ie w ; co lo u r chart see ins ide  o f th e  back co ver o f th is  vo lum e. 
The  flo o r  o f th e  o rb it is a lso th e  ro o f o f th e  S inus m axillaris . The  S ulcus 
in frao rb ita lis  is loca ted  in th e  p o s te rio r a s p e c t o f th e  o rb it and tu rn s

in to  a b ony  canal m id w a y  th ro u gh  th e  o rb it. Th is  Canalis in frao rb ita lis  
pen e tra te s  th e  M axilla  and te rm in a te s  at th e  Foram en in frao rb ita le  (not 
v is ib le ) loca ted  b e lo w  th e  o rb it.

i- Clinical Rem arks--------------------------------------
D esp ite  th e  fa c t th a t th e  m ed ia l w a ll o f th e  o rb it is paper-th in  (thus, 
th e  nam e Lam ina papyracea), b lu n t fo rc e  to  th e  eyeba ll (e.g. cen tre  
b lo w  to  th e  o rb it by  a te n n is  ball) usua lly  re su lts  in a fra c tu re  o f the  
base o f th e  o rb it (so-called b lo w -o u t frac tu re ). A s a resu lt, in tra 
o rb ita l s tru c tu re s  (M m . re c tu s  in fe rio r and ob liq uu s  in fe rio r) can be 
trapped  in th e  fra c tu re  gap o r be  tra n s lo ca te d  in to  th e  S inus m ax il

laris e n tire ly  (o rb ita l hern ia ). R educed m o b ility  o f th e  eyeba ll can 
cause  dou b le  v is ion , eno p h th a lm o s , and /o r th e  inab ility  o f th is  eye 
to  look u pw ards . In vo lve m e n t o f th e  N. in frao rb ita lis , w h ic h  runs in 
th e  flo o r o f th e  o rb it, is like ly  if, sensory dysfunctio n  in th e  derm a l 
region  o f th e  upper ja w  occurs.

Os palatinum, Proc. orbitalis 

Fissura orbitalis inferior

Os sphenoidale, Ala major

Os lacrimale

Os zygomaticum

Fossa sacci lacrimalis Sutura zygomaticomaxillaris

Sulcus infraorbitalis

Maxilla, Facies orbitalis

Cellulae
ethmoidales

Os ethmoidale, 
Lamina orbitalis
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Eyelids

Palpebra
superior

(Pars supratarsalis)

Rima
palpebrarum

Ciliae

Palpebra inferior
(Sulcus palpebronasalis)

Angulus oculi medialis; Commissura medialis palpebrarum

Fig. 9 .1 4  Eye, O culus, r ig h t s ide, w ith  eye lids  closed.
On average, a hum an eye  b links  2 0  to  30  tim e s  p er m in u te . Each eye 
lid m o v e m e n t d is tr ib u te s  a te a r fi lm  across th e  su rface  o f th e  eye. 
B link ing  invo lves  a co nse cu tive  co n tra c tion  o f th e  M . o rb icu la ris  ocu li 
fro m  te m p o ra l to  nasal and re su lts  in a w ip in g  m o tio n  in th e  d ire c tio n  o f 
th e  nasal canthus. M echan ica l irr ita tions  (e.g. sudden  d ra ft, d u s t parti
c le, fly) ac tiva te  th e  b link  re fle x  (a lso kn ow n  as co rnea l re flex) to  p ro te c t 
th e  su rface  o f th e  eye.

Fig. 9 .15  Eye, O culus, r ig h t s ide, w ith  eyelids open .
In an a d u lt w ith  eye lids  open, th e  w id th  b e tw e e n  th e  upp e r and lo w e r 
eye lid  ranges b e tw e e n  6 -1 0  m m , and th e  d is tance  b e tw e e n  th e  te m 
pora l and nasal can thus  is 2 8 -3 0  m m .

Tunica
conjunctiva
bulbi

(Sulcus palpebralis superior) 

Angulus oculi lateralis

(Raphe palpebralis lateralis)

(Pars supratarsalis) 

(Pars tarsalis)

Palpebra
superior

Sulcus sclerae
Pupilla 

Palpebra inferior 
Limbus posterior palpebrae

Limbus anterior palpebrae

Caruncula
lacrimalis

Angulus oculi 
medialis

Plica semilunaris 
conjunctivae

Papilla lacrimalis (inferior)

Papilla lacrimalis 
(superior)

Sulcus sclerae

Tunica conjunctiva 
bulbi

Fornix conjunctivae 
inferior

Tunica conjunctiva 
palpebrarum

Limbus posterior 
palpebrae

Limbus anterior 
palpebrae 

Plica semilunaris conjunctivae
Punctum lacrimale

Papilla lacrimalis (inferior)
Caruncula lacrimalis

Plica
semilunaris
conjunctivae

Lacus lacrimalis

Caruncula
lacrimalis

Punctum lacrimale;
Papilla lacrimalis (inferior)

Limbus anterior palpebrae

Tunica conjunctiva 
palpebrarum

Limbus posterior palpebrae

Punctum lacrimale;
Papilla lacrimalis (superior)

Fig. 9 .1 6  Eye, O culus, r ig h t s ide, w ith  u p per and lo w e r eyelid  
everted .
W ith  th e  e xcep tio n  o f th e  cornea, th e  C on junctiva , a tra n s lu c e n t th in  
layer o f m ucosa  w ith  b lood  ve sse ls , covers  th e  part o f th e  eyeball cre 
a ting  th e  eye su rface , and th e  s ide  o f th e  eye lids  in c o n ta c t w ith  th e  
eye  surface.

Fig. 9 .17  Eye, O culus, r ig h t s ide, w ith  assisted ectrop ion ised  
u p per eyelid .
The C on junctiva  palpebrae and th e  C on junctiva  bu lb i co ve r th e  rear s ide 
o f th e  eyelid and th e  eyeball, respective ly. Both conjunctival parts m erge  
a t th e  upp e r and lo w e r C on junctiva  fo rn ic is . The  la tte r being  th e  so- 
ca lled  con junc tiva l sac. E yedrop  m ed ica tion  is a dm in is te red  in to  th e  
lo w e r con junc tiva l sac.

i- Clinical Rem arks--------------------------------------
A  n u m b e r o f d iseases invo lve  th e  n a rro w in g  o r w id e n in g  o f th e  
pa lp eb ra l fissure . Les ions o f s y m p a th e tic  fib re s  can re su lt in pal
sy  o f th e  M . ta rsa lis  supe rio r in th e  upper eye lid , resu lting  in th e  
palpebra l f is su re  b eco m in g  n arrow er. Paralysis o f th e  o c u lo m o to r 
nerve  causes p to s is  o f th e  upp e r eye lid  (w ich  hangs d o w n ) due  to  
th e  para lysis o f th e  M . leva to r pa lpebrae supe rio ris . By co n tra s t, a 
fac ia l nerve  pa lsy re su lts  in im pa ired  fu n c tio n  o f th e  M . o rb icu la ris  
ocu li and a w id e n in g  o f th e  palpebra l fissu re .

In fla m m a tio n  o f th e  con ju n c tiva  (con junctiv itis ) is e n co u n te red  fre 
q u e n tly  in ind iv idua ls  w e a rin g  c o n ta c t lenses. A n e m ic  p a tie n ts  d is 
p lay a w h itis h  pale con ju n c tiva  because th e  lo w  e ry th ro cy te  co u n t in 
th e se  p a tie n ts  p re ve n ts  a norm a l f illin g  o f con junc tiva l b lood  vesse ls  
w ith  red  b lood  ce lls . E version  o f th e  lo w e r eye lid  and inspec tion  o f 
th e  con junc tiva l sac is a s im p le  d ia g n os tic  te s t to  id e n tify  th is  con 
d ition .
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Facial Muscles
M. occipitofrontalis, Venter frontalis \  M. depressor supercil 

I

M. orbicularis oculi, 
Pars palpebralis

M. levator labii superioris 
alaeque nasi

M. orbicularis oculi, 
Pars orbitalis

M. levator labii superioris

M. zygomaticus minor

M. zygomaticus major

M. corrugator supercilii

Os nasale

Lig. palpebrale mediale

M. orbicularis oculi, 
Pars orbitalis

M. levator labii superioris 
alaeque nasi

M. levator labii superioris

M. zygomaticus major

M. zygomaticus minor

M. levator anguli oris M. orbicularis oris, Pars marginalis M. depressor septi nasi ^  M. levator anguli oris

Fig. 9 .18  Facial m uscles. M m . fac ie i, in th e  o rb ita l reg ion; fro n ta l 
v iew .
The Pars o rb ita lis  o f  th e  M . o rb icu la ris  o cu li enc irc les  th e  an te rio r

open ing  o f th e  o rb it. The  Pars pa lpebra lis  o f th is  m u sc le  c o n tin u e s  in to  
th e  eyelids.

T  la ,  c, d , e

M. corrugator supercilii 

M. orbicularis oculi, Pars orbitalis

M. orbicularis oculi, Pars palpebralis

M. orbicularis oculi, Pars lacrimalis, 
Fasciculus ciliaris*

M. orbicularis oculi, Pars palpebralis

M. orbicularis oculi, Pars orbitalis

M. occipitofrontalis, Venter frontalis

A.; V.; N. infraorbitalis

Sinus maxillaris

M. orbicularis oculi, 
Pars lacrimalis

Cellula ethmoidalis anterior 

Saccus lacrimalis

Fig. 9 .19  M . orb icu laris  oculi, le ft side; p o s te rio r v iew .
A t th e  nasal canthus th e  Pars lacrim alis o f th e  m usc le  (H O R NER 's m u s 
cle), w h ic h  ass is ts  in d ra in ing  th e  te a r flu id , is v is ib le .
The M . o rb icu la ris  ocu li co ns is ts  o f th re e  parts . The  Pars o rb ita lis  is 
respons ib le  fo r  th e  vo lu n ta ry  firm  occ lus ion  o f th e  e ye lids . C on trac
tio n  o f th e  Pars pa lp eb ra lis  resu lts  in b link ing  o f th e  eye, w h ich  can 
o ccu r vo lu n ta rily  b u t usua lly  happens invo lun tarily . Placed around  the  
lacrim a l canaliculi, th e  Pars lacrim alis  (H O R N E R 's m usc le ) is e ssen 
tia l fo r  th e  dra inage o f th e  te a r flu id . D uring  b link ing , th e  tw o  lacrim al 
puncta  (Puncta lacrim alia : P unctum  lacrim a le  supe rius  and P unctum

lacrim a le  in fe rius) in th e  nasal th ird  o f th e  m ed ia l ca n th us  d ip  in to  th e  
lacrim a l lake (Lacus lacrim alis). It is a ssum ed  is th a t th e  co n tra c tion  o f 
th e  Pars lacrim a lis  re su lts  in a su c tion  e ffe c t (p ressure -suction  pum p  
m echan ism ). C hanneled  via th e  lacrim a l puncta , th e  te a r flu id  is sucked  
th ro u gh  th e  upper and lo w e r lacrim a l cana liculi (C analicu lus supe rio r 
and in fe rio r) in to  th e  lacrim a l sac (Saccus lacrim a lis). The  lo w e r lacrim al 
cana licu lus tra n sp o rts  m o s t o f th e  te a r flu id .

i- Clinical Rem arks--------------------------------------
In juries  to  th e  N . facia lis  can re su lt in th e  para lysis o f th e  M . o rb icu 
laris o cu li w ith  th e  inab ility  to  c lose  th e  eye  (la g o p h th a lm o s). W hen  
th e  p a tie n t is asked to  c lose  h is /he r eyes, th e  eyeba ll ro lls  upw ards 
as usual (the o u te r ex tra -ocu la r m u sc le s  are in tact) and th e  w h ite  sc 
lera b eco m e s th e  o n ly  v is ib le  part o f th e  eye (BELL's p h en o m en o n ;  
- *  Fig. 12.151). The  inab ility  to  c lose  th e  eyes p reve n ts  th e  even

d is tr ib u tio n  o f th e  te a r fi lm  across th e  eye  su rface . A s  th e  te a r film  
b eco m e s d isco n tin uo u s , th e  Cornea s ta rts  to  b eco m e  d ry and loses 
transparency  s h o rtly  th e re a fte r. The  p a tie n t is unable to  see w ith  
th is  eye. The  m iss in g  eye lid  c losu re  re p re se n ts  th e  g re a te s t challen
ge in th e  tre a tm e n t o f p a tie n ts  w ith  facia l nerve  palsy.

dissect i on l ink  105
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Eyelids, structure

Fig. 9 .20  U p p er eye lid , P a lpebra  superior; pho tog raph  o f a 
h is to log ica l sp ec im e n ; azan s ta in ; sag itta l se c tion , m a gn ifie d . [26]
The  eye lid  can be d iv ided  in to  an o u te r and inne r lam ina. The  o u te r 
lam ina is co m p o se d  o f th e  s tria te d  M . o rb icu la ris  o cu li w ith  its  Pars 
palpebra lis. The  inne r lam ina co ns is ts  o f th e  con junctiva  (Tunica con 
jun c tiva  pa lpebra rum ), th e  ta rsu s  (Tarsus) w ith  in teg ra te d  M E IB O M IA N  
g lands (G landulae ta rsa les , m o d ifie d  sebaceous glands) and, c lose  to  
th e  rim  o f th e  eyelid , m u sc le  fib re s  (m usc le  o f R IO LAN , Fasciculi c ili- 
ares) derived  fro m  th e  Pars o rb ita lis  o f th e  M . o rb ita ls  ocu li p ro jec ting  
in to  th e  ta rsus.

*  M E IB O M IA N  g lands 
* *  m u sc le  o f R IOLAN

Facies anterior 
palpebrae

M. orbicularis oculi, 
Pars palpebralis

Tunica conjunctiva palpebrarum

Tarsus superior

Glandulae tarsales*

Facies posterior 
palpebrae

Fig. 9.21 Eyelids, P a lpebrae, r ig h t side; p os te rio r v ie w ; tra n s lu ce n t 
sp ec im e n  illu s tra ting  th e  e x c re to ry  d uc tu le s  o f th e  ta rsa l g lands.
Each eye lid  con ta ins  a p p ro x im a te ly  25  to  3 0  ind iv idua l g lands w ith  th e ir  
e xc re to ry  d uc tu le s  open ing  in to  th e  rim  o f th e  eye lid  (R ima palpebra lis).

*  M E IB O M IA N  g lands

Limbus anterior palpebrae

Limbus posterior 
palpebrae

M. orbicularis oculi, 
-Rars-palpebralis?*

MEIBOMIAN glands Lipid component

Lacrimal gland and --------------- ► Watery component
accessory lacrimal glands

Goblet cells of the Conjunctiva

Stratified squamous 
nonkeratinized epithelium 
of Cornea and Conjunctiva -► Mucous component

Fig. 9 .2 2  S tru c tu res  o f th e  eye  surface invo lved in th e  fo rm a tio n  o f 
th e  th re e  c o m p o n e n ts  o f th e  te a r f ilm ; schem a tic  d raw ing .
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Blood supply and innervation of the lacrimal gland and eyelids

M. levator palpebrae 
superioris, Tendo

Pars orbitalis

Glandula
lacrimalis

Pars palpebralis

Ductuli excretorii

(Raphe palpebralis lateralis); 
Lig. palpebrale laterale

Septum orbitale

Septum orbitale

Maxilla, Proc. frontalis

Tarsus superior

Lig. palpebrale mediale

Tarsus inferior

Fig. 9 .23  O rb ita l o p en ing , A d itu s  o rb ita lis , r ig h t s ide, w ith  
S e p tu m  o rb ita le , ta rsa l p lates , and pa lp eb ra l lig am en ts ; fro n ta l 
v iew .
D issection  o f th e  S ep tum  o rb ita le  and o f th e  inse rtin g  te n d on  o f th e  M .

leva to r pa lpebrae supe rio ris  d isp lays  th e  lacrim a l g land. The  te n d on  o f 
th e  M . leva to r palpebrae supe rio ris  d iv ides  th e  lacrim a l g land loca ted 
in th e  te m p o ra l upper quadrant o f th e  bu lbus in to  a Pars o rb ita lis  and a 
Pars palpebra lis.

A. transversa faciei

A.; V.; N. supraorbitalis

A.; V.; N. supratrochlearis

(V.); N. infratrochlearis 

Arcus palpebralis superior

palpebralis medialis 

Lig. palpebrale mediale

Arcus palpebralis 
inferior

Tarsus

A.; N. infraorbitalis

M. levator palpebrae 
superioris, Tendo

Tarsus superior

A. palpebralis lateralis 
(A. lacrimalis)

N. lacrimalis

A. lacrimalis

Lig. palpebrale laterale

A. palpebralis lateralis

A.; V. temporalis 
superficialis

A.; V. angularis

Fig. 9 .24  A rte rie s , veins , and nerves  a t th e  o rb ita l o p en ing , 
A d itu s  o rb ita lis , and in th e  p e rio rb ita l reg io n , r ig h t side; fro n ta l 
v iew . [10]
The su pe rio r and in fe rio r A rcu s  pa lpebra lis  c rea te  an a rte ria l c irc le  lo
ca ted  above th e  S ep tu m  o rb ita le  and su rround ing  th e  o rb it. Th is  a rte 
rial c irc le  is supp lied  by  n um e ro u s  a rte ries  derived  fro m  th e  A . carotis  
in tern a  (A. supraorb ita lis , Aa. pa lpebra les la tera les o f th e  A . lacrim alis, 
Aa. pa lpebra les m ed ia les) and th e  A . caro tis  ex te rn a  (A. fac ia lis , A.

angularis, A. in frao rb ita lis , A . te m p o ra lis  supe rfic ia lis , A . zygom a tico - 
o rb ita lis). The  Nn. suprao rb ita lis  and in frao rb ita lis  are b ranches o f the  
N. o ph tha lm icu s  [V/1] and N. m axilla ris  [V/2], re spective ly , and e x it th e  
o rb it th ro u gh  th e  iden tica lly  nam ed Foram ina (the N. suprao rb ita lis  m ay 
e x it th e  o rb it th ro u gh  th e  Incisura supraorb ita lis). The se nso ry  percep
tion  o f th e  N. o ph tha lm icu s  [V/1 ] and N. m axillaris  [V/2] can be te s te d  at 
bo th  nerve  e x it po in ts .
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Clinics

r- Clinical Rem arks-----------------------------------
A  cha laz ion  is a g ran u lom a to u s  in fla m m a tio n  o f a M E IB O M IA N  
g land, usua lly as a re su lt o f an occ luded  open ing  o f th e  e xc re to ry  
d u c t. Loca ted  ju s t b e lo w  th e  rim  o f th e  eye lid , a chalazion can be 
pa lpa ted as pa in less, non -m ovab le  m ass w ith  th e  size o f a grape 
seed  up to  a haze lnut. A  s tye  (h o rd eo lu m ) is a fre q u e n tly  pu trid  
in fla m m a tio n  o f ind iv idua l g lands o f th e  eye lids  (usually caused by 
bacteria  and painfu l). In fla m m atio n s  o f th e  rim  o f th e  eye lid  o fte n  
re su lt in b lep h aritis  (-» Fig. 9 .25) w ith  typ ica l s igns o f d ry eye, 
inc lud ing  burn ing. S ensation  o f fo re ig n  o b je c t in th e  eye, m ild  
pho tophob ia , and redden ing  o f th e  eye lid  rim .

Fig. 9 .25  In fla m m a tio n  a t th e  rim  o f th e  eye lids , seborrhoe ic  
b lep h a ritis . [15]

Fig. 9 .2 6  Tear film  o f th e  eye , r ig h t side; fro n ta l v ie w ; s lit lam p 
exam ina tion  w ith  flu o re s c e n t dye in b lue  ligh t. [15]
The  s p o t re p re se n ts  a d ry cornea l area re su ltin g  fro m  th e  d is ru p te d  
te a r film .

Fig. 9 .27  S C H IR M E R 's  te s t p e rfo rm e d  on a h e a lth y  person.
The tw o  paper s tr ip s  d isp lay a c lea r pu rp le  co lou ra tion  o f th e  y e llo w  
S C H IR M E R 's  paper s trip . W ith in  5 m inu te s , th e  paper s trip s  are co m 
p le te ly  purp le .

r  Clinical Rem arks--------------------------------------
If an im pa ired  fu n c tio n  o f th e  lacrim a l g land is su spe c ted , e .g . as 
p a rt o f a fac ia l nerve  palsy, th e  S C H IR M E R 's  te s t is p e rfo rm e d . A  
f i lte r  paper s tr ip  o f s tandard ized  leng th , b en t a t one  end, is hooked  
in to  th e  co n ju n c tiva l sac. A bso rp e d  te a r flu id  causes a change  in 
co lo u r (-+ Fig. 9 .27). A t  a norm a l ra te  o f te a r p roduc tion , m o re  than 
tw o  th ird s  o f th e  paper s tr ip  shou ld  be co lo u re d  w ith in  5 m inu te s . A  
s h o rte r len g th  o f th e  m o is tu rise d  (co loured) paper s tr ip  su gg e s ts  a 
reduced  te a r p roduction .

A n o th e r te s t o f th e  te a r fi lm  exam in e s  its  ab ility  to  m a in ta in  a con 
tin u o u s  film  across th e  e n tire  eye su rfa ce  by  m easu ring  th e  tim e  it 
ta ke s  fo r  th e  te a r film  to  b reak up (tear b reak -u p  tim e ). A  norm al 
te a r b reak-up tim e  is app ro x im a te ly  2 0 -3 0  se con d s  b u t break-up 
tim e s  b e lo w  10 se con d s  can cause  th e  d ry  eye syndrom e .

Fig. 9 .2 8  R educed eye lid  o p en in g , r ig h t side; in th e  case o f an  
acu te  d a c ry o ad en itis  (in fla m m a tio n  o f th e  lacrim al g land). [15]

|— Clinical Rem arks-----------------------------------
The V. angu laris  loca ted  in th e  m edia l (nasal) can thus  tran s itio n s  
in to  th e  in traorb ita l V. oph tha lm ica  and co nn e c ts  a pa rt o f th e  fa 
cial venous drainage sys te m  (V. facia lis) w ith  th e  S inus caverno- 
sus. In fec tions  in th e  o u te r facial area (e.g. im p ro p e r squeezing  o f 
p im p les  on the  cheek) can lead to  a spread o f bacteria  reaching 
th e  S inus cavernosus and causing  a cavernou s sinus th ro m b o 
sis (-» p. 223). A t th e  f ir s t  s igns o f ascend ing  in fec tion , the  V. 
angu laris  shou ld  be liga ted  at th e  m edia l can thus  to  p reven t a 
po te n tia lly  life -th rea ten ing  th ro m b o s is  o f th e  sinus. In fla m m a ti
on o f th e  lacrim al g land (dacryoaden itis ; -» Fig. 9.28) causes 
pro trus ion  o f th e  S ep tum  o rb ita le  and reduced eye lid  open ing .
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Lacrimal apparatus, innervation

Fig. 9 .29  In n e rv a tio n  o f th e  lac rim al g lan d , G lan du la  lacrim alis , n ection  b e tw e e n  th e  N. zyg om a ticu s  and N. lacrim a lis  via th e  R. corn- 
r ig h t side; m edia l v ie w  o n to  th e  latera l w a ll o f th e  o rb it. m un icans cum  nervo  zygom atico .
P resen ta tion  o f th e  lacrim a l g land, th e  A. and N. lacrim a lis  and th e  con-

Glandula lacrimalis

N. ophthalmicus [V/1]

N. maxillaris [V/2]
N. trigeminus [V]

N. mandibularis [V/3]
N. facialis [VII]

Preganglionic parasympathetic fibres 
Postganglionic parasympathetic fibres 
Postganglionic sympathetic fibres

Fig. 9 .30  S y m p a th e tic  and p a ras y m p a th e tic  in n e rv a tio n  o f th e  
lac rim al g lan d , G lan du la  lacrim alis ; schem a tic  d raw ing . [10] 
P regang lion ic  s y m p a th e tic  nerve  fib re s  synapse  in th e  G anglion ce rv i- 
cale supe rius  and postg an g lio n ic  s y m p a th e tic  fib re s  leave th is  gang lion  
to  reach th e  lacrim a l g lands e ith e r by  a ccom pany ing  th e  Aa. ca ro tis  
in terna , oph tha lm ica , and lacrim a lis , o r by parting  a lready fro m  th e  A. 
ca ro tis  in terna  a t th e  Foram en lace rum  and jo in ing  th e  para sym p a th e tic

fib re s  on  th e ir  w a y  to  th e  lacrim a l g land. P regang lion ic  p a rasym pa the tic  
nerve  fib re s  run w ith  th e  in te rm e d iu s  p o rtion  o f th e  N. fac ia lis  [VII], 
pass th ro u gh  th e  G anglion g en icu li w ith o u t synaps ing  and reach th e  
G anglion p te ryg op a la tin u m  via th e  N. pe tro sus  m ajor. Upon synapsing, 
p os tgang lion ic  pa ra sym p a th e tic  f ib re s  assoc ia te  w ith  th e  N. zyg om a ti
cus and reach th e  N. lacrim a lis  and th e  lacrim a l g land via th e  R. c o m m u- 
nicans cu m  nervo  zygom a tico .

Palpebra inferior 

communicans cum nervo zygomatico

Foramen zygomaticoorbitale

Os frontale

N. lacrimalis 

A. lacrimalis

R. communicans cum nervo zygomatico

Sutura sphenozygomatica 

M. rectus lateralis 

N. opticus [II]

Os sphenoidale, Ala major 

Fissura orbitalis inferior 

N. infraorbitalis 

N. zygomaticus

Glandula lacrimalis, Pars orbitalis

Palpebra superior
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Lacrimal apparatus

Caruncula lacrimalis

Saccus lacrimalis

Canaliculus lacrimalis inferior

Papilla lacrimalis;
Punctum lacrimale

(Corpus cavernosum)

Concha nasalis media

Ductus nasolacrimalis

Plica lacrimalis 

Meatus nasi inferior 

Concha nasalis inferior

Papilla lacrimalis; Punctum lacrimale 

Plica semilunaris conjunctivae

Canaliculus lacrimalis superior

M. orbicularis oculi

Fornix sacci lacrimalis

Fornix conjunctivae superior

Glandula lacrimalis, Ductuli excretorii

Fornix conjunctivae inferior

N. infraorbitalis 

Sinus maxillaris, Tunica mucosa

Fig. 9.31 Lacrim al a p p ara tu s . A p p a ra tu s  lacrim alis , r ig h t side;
fro n ta l v ie w ; th e  eyelids have been pulled  aw ay  fro m  th e  eyeball 
p rov id ing  a v ie w  in to  th e  upper and lo w e r con junc tiva l sac; the  
naso lacrim a l d u c t has been opened  up to  th e  M e atu s  nasi inferior.
The  dra in ing  naso lacrim a l d u c t is co m po se d  o f th e  upp e r and lo w e r

lacrim a l cana liculi (Canaliculi su pe rio r and in ferio r), th e  lacrim a l sac (Sac
cus lacrim a lis), and th e  naso lacrim a l d u c t (D uctus  naso lacrim a lis). The 
D uctus  naso lacrim a lis  e x its  in to  th e  in fe rio r nasal m e a tu s  (M e a tus  nasi 
in fe rio r) benea th  th e  in fe rio r nasal concha  (Concha nasalis in ferio r).

M. orbicularis oculi

Canaliculus lacrimalis superior

Fornix sacci lacrimalis 

Lig. palpebrale mediale

Saccus lacrimalis

Maxilla, Proc. frontalis

Ductus nasolacrimalis

M. obliquus inferior Canaliculus lacrimalis inferior

Papilla lacrimalis; Punctum lacrimale 

Caruncula lacrimalis

Plica semilunaris conjunctivae;
Lacus lacrimalis

Papilla lacrimalis; 
Punctum lacrimale

Fig. 9 .32  Lacrim al a p p ara tu s . A p p a ra tu s  lacrim alis , r ig h t side;
fro n to la te ra l v ie w ; a fte r rem ova l o f sk in , m usc les , and S ep tum  o rb ita le  
in th e  nasal canthus.
The  lacrim a l sac (Saccus lacrim alis) is loca ted  in th e  Fossa sacci lacrim a
lis and c o n tin u e s  cauda lly  as D uc tus  naso lacrim a lis  in a b ony  enc losu re  
fo rm e d  by th e  M axilla  and th e  Os lacrim a le  in its  a n te rio r and p os te rio r 
se c tion , respective ly . Each cana licu lus o rig ina tes  as a 0.25  m m  (upper)

to  0 .3  m m  (low er) w id e , round , oval o r  s lit-shaped  P unctum  lacrim ale 
w h ic h  c o n tin u e s  as an a p p ro x im a te ly  2 m m  long ve rtica l tu b e . Then, 
each cana licu lus bends in an a lm o s t r igh t ang le  and p roceeds as an 
a p p ro x im a te ly  8 m m  long horizon ta l se g m e n t. In th e  m a jo rity  o f cases 
(6 5 -7 0 % ), bo th  cana liculi m e rge  to  fo rm  a co m m o n  tu b e  a pp rox im ate ly  
1 -2  m m  long th a t ope n s  in to  th e  lacrim a l sac a bo u t 2 -3  m m  b e lo w  the  
Forn ix sacci lacrim a lis.
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Lacrimal apparatus

Ampulla canallculi lacrimalis

Caruncula lacrimalis

Canaliculus 
lacrimalis inferior

M. orbicularis oculi

M. obliquus inferior

Sinus maxillaris

Canaliculus 
lacrimalis superior

Saccus lacrimalis

Maxilla, Proc. frontalis

Ductus nasolacrimalis

Fig. 9 .33  Lacrim al a p p ara tu s . A p p a ra tu s  lac rim alis , r ig h t side;
horizon ta l se c tion  a t th e  level o f th e  lacrim a l sac.
A  cavernous b ody  o f tis su e  fu n c tio n a lly  su pp o rtin g  th e  tra n s p o rt o f 
th e  te a r flu id  su rrou n d s  th e  lum en o f th e  lacrim a l sac. S w e llin g  o f th is

cavernous tis su e  reduces o r b locks  th e  tra n s p o rt o f flu id  and tea rs  run 
d o w n  th e  cheek (crying). The b lood  vesse ls  o f th e  cavernous tis su e  di
la te  w h e n  a fo re ig n  p artic le  e n te rs  th e  con junc tiva l sac o r du ring  s trong  
e m o tio n s  (e.g. in ten se  happ iness o r sadness).

Maxilla, Crista lacrimalis 
anterior

Lumen Saccus
Blood vessel I lacrimalis 
plexus

Lig. palpebrale 
mediale

M. orbicularis oculi, 
Pars lacrimalis

Occipital

Septum orbitale 

Os lacrimale, Crista lacrimalis posterior

Fig. 9 .34  Lacrim al a p p ara tu s , A p p a ra tu s  lacrim alis , r ig h t side;
horizon ta l se c tion  a t th e  level o f th e  lacrim a l sac, Saccus lacrim a lis . [8] 
The ve rtica l d ia m e te r o f th e  lacrim a l sac m easures  a p p ro x im a te ly  12 m m , 
th e  sag itta l d ia m e te r 5 -6  m m , and th e  tra n sve rse  d ia m e te r 4 -5  m m . The

naso lacrim a l d u c t o f an a du lt is a bo u t 12.4  m m  long. The  su rround ing  
bony canal is a p p ro x im a te ly  10 m m  long and has a d ia m e te r o f 4 .6  m m . 
N o tice  th e  c lose  to p o g ra p h ic  p ro x im ity  to  th e  S inus m axillaris.

-C lin ical Rem arks--------------------------------------
In fla m m atio n  (dacryocystitis ), s te n o s is  (dacryostenosis), and con- 
c re m e n t fo rm a tio n  (dacryo lith ias is) are th e  m o s t fre q u e n t a ilm e n ts  
a fflic tin g  th e  naso lacrim a l dra inage sys te m , causing  tea rs  to  o ve r
f lo w  and d rip  o u t o n to  th e  face  (ep ip hora). There  is an inh e rite d  fo rm

o f d acryos tenos is . In m o s t cases, th is  is th e  re su lt o f a p e rs is te n t 
H A S N E R 's va lve , a th in  m e m bra n e  o f co nn e c tive  tis s u e  at th e  en
trance  o f th e  in fe rio r nasal m e a tu s . Th is  va lve  usua lly ru p tu re s  s h o rt
ly a fte r  b irth  b u t needs to  be perfo ra ted  by  a phys ic ian  if it pe rs is ts .
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Extra-ocular muscles

M. obliquus superior, 
Tendo

M. levator palpebrae 
superioris

Glandula lacrimalis, 
Pars orbitalis

Corpus adiposum 
orbitae

M. obliquus superior

M. rectus lateralis

M. rectus superior M. rectus superior

Anulus tendineus communis

Chiasma opticum N. opticus [II]

M. obliquus superior
M. levator palpebrae superioris

M. obliquus superior, 
Tendo

Os sphenoidale, 
Ala major

M. rectus medialis

M. rectus lateralis

obliquus superior

Bulbus oculi

M. levator palpebrae 
superioris

Fig. 9 .35  E xtra -ocu la r m uscles. M m . bu lb i; su pe rio r v ie w ; upon re- part o f th e  M . leva to r pa lpebrae supe rio ris  and o f th e  o rb ita l fa t body
m oval o f th e  ro o f o f th e  o rb it on bo th  s ides, and rem ova l o f th e  m a jo r on th e  righ t s ide .

Fig. 9 .36  E xtra -ocu la r m uscles. M m . bu lb i, r ig h t side; la tera l v iew ; 
upon rem ova l o f th e  latera l w a ll o f th e  o rb it.
The m o v e m e n t o f th e  eyeba ll is co n tro lle d  by  s ix  ex tra -ocu la r m u sc les  
in th e  o rb it (fou r re c tu s  m u sc le s : M m . rec ti supe rio r, in fe rio r, m edia lis , 
and la tera lis ; tw o  o b liq ue  m usc les : M m . ob liqu i su pe rio r and in ferio r). 
W ith  th e  e xcep tio n  o f th e  M . ob liquus in fe rio r (orig in a t th e  Facies o rb i
ta lis  o f th e  M axilla  lateral o f th e  Incisura lacrim a lis  m axillae  in th e  a n te ri
o r m ed ia l reg ion  o f th e  o rb it) and th e  M . ob liq uu s  su pe rio r (orig in a t th e  
C orpus oss is  sp heno ida lis  m ed ia l o f th e  A n u lu s  te n d in e u s  c o m m u n is  
and th e  dura l shea th  o f th e  N. o p ticus ), all o th e r ex tra -ocu la r m u sc le s  
o rig ina te  fro m  th e  A nu lus  te n d in e u s  co m m u n is  (ten d in o u s  anulus  
of Z IN N ).
All s ix  m u sc le s  in se rt a t th e  Sclera. A ll fo u r  ex tra -ocu la r re c tu s  m u sc les  
in se rt an te rio r to  th e  e q u a to r o f th e  eyeba ll, w h e re a s  th e  o b lique  m u s 
cles o f th e  o rb it in se rt p os te rio r to  th e  equa to r. A  te n d in o u s  pu lley-like  
s tru c tu re  (Trochlea), w h ic h  a ttaches  to  th e  an te rio r upp e r area o f  the  
O s fro n ta le  and ac ts  as a hypo m o ch lio n  fo r  th e  M . ob liq uu s  superio r, 
re d ire c ts  th is  m u sc le  backw ards  to  its  inse rtion  area a t th e  to p  o f the  
eyeball p o s te rio r to  its  equa to r. The  te n d in o u s  anu lus o f ZINN is a lso 
th e  o rig in  o f th e  M . leva to r pa lpebrae su pe rio ris  w h ic h  p ro je c ts  in to  th e  
upp e r eye lid  (Palpebra superio r).

M. obliquus inferior

Clinical Remarks
Paralysis o f th e  M . le v a to r p a lp eb ra e  superio ris  (resu lting  fro m  
dam age to  th e  N. o cu lo m o to riu s  [III]) causes ptosis  (d roop ing  up
p er eye lid ). The  p a tie n t d oes  n o t expe rie nce  doub le  v is ion  (d ip lopia) 
because  th e  a ffe c te d  eye  is c losed . H o w e ve r, upon lifting  th e  eye lid

m anua lly , doub le  v is ion  o ccurs  s ince  th e  M m . rec ti supe rio r, in fe rio r, 
and m ed ia lis  are para lysed as w e ll. Palsy o f  th e  Nn. abducens and 
tro ch le a ris  can a lso cause para ly tic  s tra b ism  w ith  d ip lop ia .

Fossa infratemporalis

Fissura orbitalis inferior

Sinus maxillaris

Os

M. rectus inferior

Periorbita 

M. levator palpebrae superioris 

M. rectus superior

M. rectus lateralis 
Anulus tendineus 

communis

N. opticus [II]
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Elevation of visual axis

Extra-ocular muscles

Fig. 9 .37  Function o f th e  e xtra -o c u lar m uscles, M m . bu lb i. [8]
Te s tin g  th e  a b ility  o f th e  eyeba ll to  m ove  in to  th e  fo u r m ain  d irection s  
of th e  visual axis is p a rt o f a p rope r physica l exam . S how n  are th e  
ac tiva te d  m u sc le s  du ring  th e  m o v e m e n t o f each eyeba ll in to  th e  fo u r 
d irec tions  o f th e  visual axis. The  coord ination  o f the  synchronous m ove 
m e n t o f bo th  eyeba lls  is ve ry  c o m p le x  s ince  th e  va rious extra -ocu la r 
m u sc le s  are innerva ted  by d if fe re n t cranial nerves (Nn. o cu lo m o to riu s , 
troch lea ris , and abducens). The  ex tra -ocu la r m u sc le s  rece ive  ve ry  rich 
inne rva tion  and are d is t in c t in fin e  s tru c tu re  fro m  th e  norm a l s tria te d  
m usc les .

Depression of visual axis

M uscle Function In n erva tio n

R igh t Eye

Lateral

M . re c tu s  supe rio r

M ed ia l

M . re c tu s  in fe rio r

M . re c tu s  la tera lis

M . re c tu s  m ed ia lis

M . ob liq uu s  in fe rio r

M . ob liq uu s  supe rio r

E levation  o f th e  v isua l axis
A d d uc tio n  and m edia l ro ta tio n  o f th e  eyeba ll N. o cu lo m o to riu s  [III], R. supe rio r

D epress ion  o f th e  v isua l axis
A d d uc tio n  and latera l ro ta tion  o f th e  eyeba ll N. o cu lo m o to riu s  [III], R. in fe rio r

A b d uc tio n  o f th e  eyeball N. abducens [VI]

A d d uc tio n  o f th e  eyeball N. o cu lo m o to riu s  [III], R. in fe rio r

E levation  o f th e  v isua l axis
A b d uc tio n  and latera l ro ta tion  o f th e  eyeba ll N. o cu lo m o to riu s  [III], R. in fe rio r

D epress ion  o f th e  v isua l axis
A b d uc tio n  and m edia l ro ta tion  o f th e  eyeba ll N. troch lea ris  [IV]

Fig. 9 .3 8  Function and in n e rv a tio n  o f th e  e xtra -o c u lar m uscles  
in serting  a t th e  B ulbus oculi. [10]
The  respe c tive  m u sc le  is co lou red  in dark red.

|— Clinical Rem arks--------------------------------------
Palsy o f th e  o cu lo m o to r nerve  re su lts  in th e  para lysis o f all ex tra 
ocu la r m usc les , e x ce p t fo r  th e  M . re c tu s  la te ra lis  (N. abducens) and 
th e  M . ob liquus su pe rio r (N. troch lea ris ). The  non-para lysed m u sc les  
pull th e  eye d o w n w a rd  and o u tw a rd  (d o w n -a n d -o u t). A t th e  sam e

tim e , para lysis o f th e  M . leva to r pa lpebrae supe rio ris  re su lts  in p tos is  
and th e  inab ility  o f th e  p a tie n t to  see  w ith  th is  eye. O n ly  w h e n  the  
d roop ing  eye lid  is pu lled  up m anua lly , th e  p a tie n t com p la ins  abou t 
dou b le  v is ion  (dip lopia).
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Extra-ocular muscles

M. rectus medialis 
M. obliquus superior

M. obliquus inferior

M. rectus superior 

M. rectus inferior

M. rectus lateralis

Anulus tendineus 
communis

Fig. 9 .39  E x tra -o cu la r m uscles. M m . bu lb i; su pe rio r v iew .
S h o w n  are th e  A nu lus  te n d in e u s  c o m m u n is  (tend inous  anu lus o f ZINN) 
and th e  inse rtion  s ite s  o f th e  m u sc le s  a t th e  eyeball.
The  visua l ax is  (im ag inary line  fro m  th e  m id p o in t o f th e  v isua l fie ld  to

th e  Fovea centra lis ) and th e  ax is  o f th e  o rb it (im ag inary line th ro u gh  
th e  ce n tre  o f th e  lens) d if fe r  by  an ang le  o f 23°. Th is  is th e  reason w h y  
th e  Fovea ce n tra lis  (re tina l loca tion  o f fo cu se d  centra l v is ion ) is loca ted  
latera l to  th e  Papilla nervi o p tic i (b lind spot).

M. orbitalis

Os frontale 

Fissura orbitalis superior

Lacertus musculi recti lateralis

Os sphenoidale, Ala major 

M. rectus lateralis

N. oculomotorius [III], R. inferior 

N. infraorbitalis

M. rectus
M. levator palpebrae superioris

M. obliquus superior

N. opticus [II]

M. rectus medialis

Cellulae ethmoidales 

N. opticus [II], Vagina externa

M. rectus inferior

Periorbita

Fig. 9 .40  E xtra -ocu la r m uscles, M m . bu lb i, r ig h t side; fro n ta l v ie w  
o n to  th e  p o s te rio r w a ll o f th e  o rb it. The pe rio rb ita l space  near th e

i- Clinical Rem arks--------------------------------------
D am age to  th e  N. tro ch le a ris  [IV] can cause palsy o f th e  tro c h le a r  
nerve . Paralysis o f th e  M . ob liquus su pe rio r causes th e  visua l ax is  to  
p o in t m ed ia lly  (nasal) and upw a rd  because th e  norm al a bduc tion  and 
d o w n w a rd  m o v e m e n t o f th e  eyeba ll by th e  su pe rio r o b lique  m u sc le  
is absen t. A bducens nerve  palsies are th e  m o s t fre q u e n t palsies 
o f th e  ex tra -ocu la r m u sc le s  (in part, because th e  N. abducens [VI]

Fissura o rb ita lis  supe rio r co n ta in s  m u sc le  fib re s  w ith  sym p a th e tic  
ne rve  inne rva tion ; co llective ly , th e se  fo rm  th e  M . o rb ita lis .

[-» Fig. 9 .41 ] runs th ro u gh  th e  c e n tre  o f th e  S inus cavernosus and 
can be dam aged  m o re  easily  here  than  in th e  periphera l zone o f 
th e  s inus  w h e re  th e  N. o cu lo m o to riu s  [III] and N. tro ch le a ris  [IV] are 
loca ted). Paralysis o f th e  M . re c tu s  la te ra lis  s h ifts  th e  v isua l ax is  m e 
d ia lly  (nasally).
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Extra-ocular muscles

M. levator palpebrae 
superioris

M. rectus superior

N. opticus [II],
Pars orbitalis

A. ophthalmica

Corpus adiposum orbitae 

M. rectus lateralis

M. rectus inferior

Fig. 9.41 O p tic  nerve , INI. op ticus  [II]; r ig h t side; la tera l v ie w  upon 
ope n ing  o f th e  C analis op ticus .
Both, th e  N. o p ticu s  [II] and th e  A. o ph tha lm ica  (branch o f th e  A. ca ro tis

in terna) course  th ro u g h  th e  Canalis o p ticu s  and th e  A n u lu s  te n d in e us  
c o m m u n is  (tend inous  anu lus o f ZINN) in to  th e  o rb it.

M. obliquus 
superior 
M. rectus 
medialis
Os ethmoidale

Os palatinum 

Os lacrimale

Fig. 9 .42  M u s c u la r orig ins a t th e  A nulus  te n d in e u s  co m m u n is  
(ten d in o u s  anu lus  o f Z IN N ), r ig h t side; fro n ta l v iew . [10]
The A nu lus  te n d in e u s  c o m m u n is  is th e  o rig in  fo r  th e  M m . re c tu s  su 
perio r, re c tu s  m edia lis , re c tu s  in fe rio r, and re c tu s  la tera lis . A  neuro 
vascu la r bund le  n o t d ep ic te d  in th is  im age passes th ro u g h  th e  A nu lus  
(-*  Fig. 9 .43). A lso  s h o w n  is th e  M . leva to r pa lpebrae supe rio ris  w h ich  
o rig ina tes  a t th e  tip  o f th e  o rb it fro m  th e  Ala m ino r oss is  spheno ida lis . 
The M . ob liq uu s  su pe rio r has its o rig in  a t th e  C orpus oss is  spheno ida lis  
m ed ia l to  th e  A nu lus  te n d in e u s  c o m m u n is  a t th e  dura l sheath.

*  te n d in o u s  anu lus o f ZINN

Fig. 9 .43  N eu ro vascu la r s tru ctu res  passing th ro u g h  th e  C analis  
opticus and th e  Fissura o rb ita lis  superior, r ig h t side; fro n ta l v iew . 
[10]

The N. o cu lo m o to riu s  [III], N. nasocilia ris, N. abducens, and Radix sym - 
path ica gang lii c ilia ris  pass th ro u g h  th e  Fissura o rb ita lis  su pe rio r and 
th e  A n u lu s  te n d in e u s  c o m m u n is  (tend inous  anu lus o f Z INN ). The  V. 
o ph tha lm ica  supe rio r, N. lacrim a lis , N. fro n ta lis , and N. tro ch le a ris  [IV] 
a lso pass th ro u g h  th e  Fissura o rb ita lis  su pe rio r in to  th e  o rb it. H ow eve r, 
th e se  neu rovascu la r s tru c tu re s  run o u ts id e  o f th e  A nu lus  te n d in e us  
c o m m u n is . N o t sh ow n  are th e  V. o ph tha lm ica  in fe rio r, A. in frao rb ita lis , 
N. in frao rb ita lis , and N. zyg om a ticu s  w h ich  e n te r th e  o rb it th ro u gh  th e  
Fissura o rb ita lis  in fe rio r. C en tra lly  w ith in  th e  N. o p ticu s  [II] cou rses  th e  
A . ce n tra lis  re tinae  as th e  f irs t branch o f th e  A . oph tha lm ica .

Clinical Remarks
In co m p le te  o r co m p le te  o p h th a lm o p le g ia  (oph tha lm opares is ) re
fe rs  to  th e  para lysis o f one o r m o re  ex tra -ocu la r m u sc le s  due  to  
d if fe re n t n eu ro log ica l illnesses o r caused  by  ch ron ic  in fla m m a tio ns

and tu m o u rs  at th e  tip  o f th e  o rb it. E m bolic  occlusion o f th e  A. 
cen tra lis  re tin a e  is a fre q u e n t vascu la r cause  o f a cu te  b lindness.

Vagina interna 

Vagina externa

Periorbita

N. opticus 
Pars

Hypophysis 

Chiasma opticum 

Tractus opticus

A. ophthalmica

A. carotis
Pars cerebralis

Sinus cavernosus

N. abducens [VI]

M. rectus 
superior

Fissura orbitalis 
superior

M. rectus 
lateralis

Anulus tendineus 
communis*

Fissura orbitalis inferior

M. levator palpebrae superioris Canalis opticus

M. rectus 
inferior

V. ophthalmica superior

N. oculomotorius [III], 
R. superior

N. ophthalmicus [V/1], 
N. nasociliaris

N. abducens [VI]

Anulus tendineus 
communis

N. oculomotorius [III], V. ophthalmica inferior 
R. inferior

N. ophthalmicus [V/1], N. frontalis 
N. opticus [II]

A. ophthalmica

N. trochlearis [IV]
N. ophthalmicus [V/1], N. lacrimalis

A. ophthalmica, 
R. meningeus recurrens



Blood vessels of the orbit
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R. meningeus recurrens

N. opticus A. centralis retinae

A. carotis interna

A. ophthalmica

A. ciliaris posterior brevis

A. ciliaris posterior 
longa

M. rectus lateralis
A. lacrimalis

A. dorsalis nasi

A.

M. levator palpebrae superioris 

M. rectus superior

A. lacrimalis

A. dorsalis nasi

A. supratrochlearis
A. ethmoidalis anterior 

A. supraorbitalis

A. ethmoidalis posterior 

Glandula lacrimalis

A. ciliaris posterior brevis

A. ciliaris posterior longa

Fig. 9 .4 4  A rte rie s  o f th e  eye , O culus, and o f th e  o rb it, O rb ita;
su pe rio r v ie w  o n to  th e  o pe nend  O rb itae ; le ft s ide : c o n te n t o f th e  o rb it 
w ith  ex tra -ocu la r m usc les , r igh t s ide : w ith o u t ex tra -ocu la r m u s c le s .[10] 
The  A. o ph tha lm ica  is th e  m ain a rte ry  o f th e  o rb it and b ranches o ff  th e  
Pars ce reb ra lis  o f th e  A . ca ro tis  in te rna . The  A. o ph tha lm ica  norm a lly  
courses  b e lo w  th e  N. o p ticu s  [II] th ro u g h  th e  C analis o p ticu s  in to  th e  
o rb it. H ere , th e  a rte ry  d iv ides  in to  m a ny  b ranches w h ic h  supp ly  th e

eyeball and th e  s tru c tu re s  o f th e  o rb it w ith  b lood. A n a s to m o se s  ex is t 
via a R. o rb ita lis  to  th e  A. m en ingea  m edia, via th e  Aa. e th m o id a le s  
a n te rio r and p o s te rio r to  b lood ve sse ls  in th e  nose, and via b lood  ve s
se ls  pen e tra tin g  th e  S ep tu m  o rb ita le  o r th e  bone to  th e  facia l a rle ries 
(Aa. supraorb ita lis , supra troch lea ris , pa lpebra lis  m ed ia lis  and latera lis, 
dorsa lis  nasi).

Fig. 9 .45  V e ins  o f th e  eye , O culus, and o f th e  o rb it, O rb ita ; r igh t 
side; la tera l v ie w  in to  th e  O rb ita ; a fte r rem ova l o f th e  lateral w a ll o f 
th e  o rb it. [10]
The Vv. oph tha lm ica e  su pe rio r and in fe rio r drain  th e  venous b lood. The 
la tte r is usua lly  sm a lle r than  th e  A. oph tha lm ica  supe rio r. V enous ana
s to m o se s  e x is t to  th e  ve in s  o f th e  supe rfic ia l and deep  fac ia l reg ions 
(P lexus p te rygo ideus) and th e  S inus cavernosus.

M. obliquus 
inferior 

V. facialis

M. rectus superior 

M. obliquus superior

V. ophthalmica 
superior

Vv. vorticosae

Sinus
cavernosus

V. supratrochlearis 

V. supraorbitalis

V. nasofrontalis 

V. angularis

M. obliquus 
superior

M. rectus 
lateralis

Plexus venosus 
pteryqoideus x . . .M. rectus inferior (V. infraorbitalis) 

V. ophthalmica inferior

Clinical Rem arks--------------------------------------
An ascend ing  tran sm iss io n  o f germ s  fro m  th e  facia l reg ion  via
th e  V. fac ia lis , th e  V. angu laris  in th e  nasal p a rt o f th e  o rb it, and the  
V. oph tha lm ica  in fe rio r can cause  a cavernous s inus  th ro m b o s is  
(-*  p. 223). In tu rn , th is  can re su lt in th e  dam age o f th e  N. abducens 
[VI] (o fte n  th e  f ir s t  cranial nerve a ffe c te d  because o f its  centra l loca

tio n  w ith in  th e  s inus), N. o cu lo m o to riu s  [III], N. tro ch le a ris  [IV], and 
th e  f irs t and second  trig em in a l branch (Nn. o ph tha lm icu s  [V/1] and 
m axilla ris  [V/2]) w ith  co rrespond ing  d e fic ie n c ie s  (para lysis o f ex tra 
ocu la r m u sc le s , senso ry  d e fic its  e tc.).
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Arteries and nerves of the orbit

N. supraorbitalis, R. medialis 

N. supratrochlearis

Corpus adiposum orbitae 

R. meningeus anterior 

A. ethmoidalis anterior 

M. obliquus superior 

N. nasociliaris

A. ophthalmica 

N. frontalis 

N. trochlearis [IV] 

N. ophthalmicus [V/1]

Canalis opticus 

N. opticus [II] 

A. ophthalmica 

A. carotis interna 

N. oculomotorius [III] 

N. trochlearis [IV] 

N. abducens [VI]

R. tentorius

Glandula lacrimalis, 
Pars orbitalis

M. rectus superior

A. lacrimalis

N. lacrimalis

M. rectus lateralis 

N. abducens [VI]

Æ
N. maxillaris [V/2]

Ganglion trigeminale

N. trigeminus [V]

A. supraorbitalis

N. supraorbitalis, R. lateralis

M. levator palpebrae 
superioris

A. meningea media

N. mandibularis [V/3], 
R. meningeus

N. mandibularis [V/3]

Fig. 9 .46  A rte rie s  and nerves o f th e  o rb it, O rb ita , r ig h t side;
supe rio r v ie w  o n to  th e  openend  o rb it (up per level o f th e  orb it); 
D em o n s tra tio n  o f  th e  G anglion tr ig e m in a le  (G anglion sem iluna re , Gan
g lion  GASSERI); b ony  ro o f o f th e  O rb ita , P erio rb ita , and C orpus adi
posu m  o rb itae  w e re  partia lly  rem oved .

S how n  is th e  course o f th e  N . o p h th a lm icu s  [V/1 ] th ro u gh  th e  opened  
Fissura o rb ita lis  su pe rio r and its b ranch ing  in to  Nn. lacrim a lis  and fro n 
ta lis  (incl. co nse cu tive  branch ing ) and, runn ing  m o re  deep ly , th e  N. 
nasocilia ris. In add ition , th e  grac ile  N. tro ch le a ris  [IV] fo r  th e  m o to r in
nerva tion  o f th e  M . ob liq uu s  su pe rio r and th e  m o re  d ee p ly  loca ted  N. 
abducens [VI] fo r  th e  innerva tion  o f  th e  M . re c tu s  la te ra lis  are dep ic ted .
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Arteries and nerves of the orbit

B ranches o f th e  A. op h tha lm ica

•  A. ce n tra lis  re tinae
•  A. lacrim a lis

-  R. a na s tom o ticu s  cum  a. m en ingea  
m edia

-  Aa. pa lpebra les latera les
•  R. m e n in g eu s  recurrens
•  Aa. c ilia res p os te rio re s  longae
•  Aa. m uscu la res

-  Aa. c ilia res an te rio res
-  Aa. co n ju n c tiva le s  an te rio res
-  Aa. ep isc le ra les

•  A. suprao rb ita lis
-  R. d ip lo icus

•  A. e th m o id a lis  an te rio r
-  R. m e n in g eu s  an te rio r
-  Rr. sep ta les  an te rio res
-  Rr. nasales an te rio re s  latera les

•  A. e th m o id a lis  p os te rio r
•  Aa. pa lpebra les m ed ia les

-  Aa. co n ju n c tiva le s  pos te rio re s
-  A rcu s  pa lpebra lis  supe rio r
-  A rcu s  pa lpebra lis  in fe rio r

•  A. supra troch lea ris
•  A. do rsa lis  nasi

Fig. 9 .47  A rte ries  a nd  nerves o f th e  o rb it, O rb ita , r ig h t side;
su pe rio r v ie w ; a fte r rem ova l o f th e  ro o f o f th e  o rb it; p rese n ta tio n  o f 
th e  G anglion c ilia re; th e  M . leva to r palpebrae supe rio ris  and M . rec tus  
su pe rio r w e re  fo ld e d  back.
S h o w n  are nerve  b ranches o f th e  N. o cu lo m o to riu s  [III] e n te rin g  be
neath th e  m usc les . Upon rem ova l o f th e  o rb ita l fa t b ody  benea th  th e  
m usc les , th e  G an g lio n  ciliare, app ro x im a te ly  2 m m  in size, b ecom es 
v is ib le . P os itioned  a p p ro x im a te ly  2 cm  latera l to  th e  N. o p tic u s  [II] be
hind th e  B u lbus ocu li, th e  G anglion cilia re  is e m be d d ed  in th e  Corpus

a d iposum  o rb itae . The G an g lio n  c iliare  co n ta in s  perikarya  o f p o s t
gang lion ic  p a ra sym p a th e tic  neurons w h ic h  synapse  w ith  th e  axons o f 
p regang lion ic  p a ra sym p a th e tic  neurons loca ted  in th e  N uc leus o cu lo 
m o to riu s  accessorius  (au tonom icus , ED IN G ER -W ESTPH AL nucleus). 
These  para sym p a th e tic  fib re s  inne rva te  th e  inn e r m u sc le s  o f th e  eye 
(M . c ilia ris und M . sp h in c te r pup illae , - *  Fig. 8 .163). H aving  s w itch e d  
earlie r fro m  p regang lion ic  to  postg an g lio n ic  fib re s  in th e  G anglion ce r
v ica le  supe rius , pos tg an g lio n ic  s y m p a th e tic  f ib re s  fo r  th e  M . d ila ta to r 
pup illae  s im p ly  pass th ro u g h  th e  G anglion ciliare.

A. lacrimalis

Ganglion trigeminale

N. supratrochlearis
N. supraorbitalis,

A. supraorbitalis

M. levator palpebrae 
superioris

Glandula lacrimalis, 
Pars orbitalis

M. rectus superior

A. ophthalmica
N. lacrimalis

M. obliquus superior Ganglion
ciliare

N. abducens [VI]

M. rectus lateralis

N. nasociliaris

N. oculomotorius [III], 
R. superior

N. ophthalmicus [V/1]

N. opticus [II] 

A. ophthalmica 

A. carotis interna

N. trigeminus [V] 

N. abducens [VI]

N. supraorbitalis, 
R. lateralis

I. maxillaris [V/2 ]

N. mandibularis [V/3]

N. oculomotorius [III]

N. trochlearis [IV]
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Arteries and nerves of the orbit

M. obliquus superior 

A. dorsalis nasi 

R. meningeus anterior

M. rectus medialis 

N. infratrochlearis

A. ethmoidalis anterior

N. ethmoidalis anterior 

N. nasociliaris

A. ethmoidalis posterior 

N. ethmoidalis posterior 

N. ciliaris longus

M. obliquus superior

N. trochlearis [IV]

N. oculomotorius [III],
R. superior

M. levator palpebrae 
superioris

M. rectus superior 

N. opticus [II]

A. ophthalmica

A. carotis interna 

N. oculomotorius [III]

N. trochlearis [IV]

Bulbus oculi

N. opticus [II]

N. lacrimalis 

A. lacrimalis

M. rectus lateralis 

Nn. ciliares breves

Aa. ciliares

N. abducens [VI]

N. oculomotorius [III], R. inferior

Ganglion ciliare

Radix parasympathica 
[oculomotoria] (III)

Radix sensoria (V/1)

Radix sympathica 
(N. caroticus internus)

N. ophthalmicus [V/1]

N. trigeminus [V], Radix sensoria 

N. abducens [VI]

A. supratrochlearis

M. levator palpebrae superioris

M. rectus superior

M. obliquus superior, Tendo

A. supraorbitalis

Glandula lacrimalis, 
Pars orbitalis

Fig. 9 .48  A rte ries  and nerves o f th e  o rb it, O rb ita , r ig h t side;
supe rio r v ie w ; upon partia l rem ova l o f th e  M m . leva to r palpebrae 
superio ris , re c tu s  superio r, and ob liquus superior.
The m id d le  level o f th e  o rb it is d e p ic te d . S how n  are th e  N. o p ticu s

[II] w ith  supp ly ing  n e tw o rk  o f a rte ries  (Aa. cilia res) b ranch ing  o ff  th e  A. 
o ph tha lm ica , w h ic h  is runn ing  th ro u gh  th e  o rb it, as w e ll as th e  N n. c ili
a res long i and b reves, th e  G anglion c ilia re, and th e  te rm ina l b ranch ing  
o f th e  N. nasociliaris.

dissect i on l ink  119
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Arteries and nerves of the orbit

M. levator palpebrae superioris 

M. rectus superior

M. rectus lateralis

N. zygomaticus

A. infraorbital is 

N. infraorbitalis

N. oculomotorius [III], R. inferior

M. rectus lateralis

N. abducens [VI]

N. maxillaris [V/2]

N. ophthalmicus [V/1] 

N. mandibularis [V/3]

N. trigeminus [V]

M. obliquus superior, 
Trochlea

M. obliquus superior, Tendo

M. obliquus superior 

R. meningeus anterior

N. infratrochleari! 

A. ethmoidalis anterior 

N. ethmoidalis anterior

Canalis opticus

A. ophthalmica

N. oculomotorius [III]

N. abducens [VI]

N. opticus [II]

M. obliquus inferior

M. rectus inferior

A. ethmoidalis posterior 

N. ethmoidalis posterior

M. rectus medialis 

A. ophthalmica 

M. obliquus superior

M. levator palpebrae 
superioris

M. rectus superior 

N. opticus [II]

Fig. 9 .49  A rte rie s  and nerves o f th e  o rb it, O rb ita , r ig h t side;
su pe rio r v ie w ; th e  N. o p tic u s  [II] has been cu t.
A fte r  d isse c tin g  add itiona l s tru c tu re s  and upon rem ova l o f th e  en tire  
o rb ita l fa t  body, th e  M . re c tu s  in fe rio r and th e  lo w e r level o f th e  o rb it 
b eco m e  v is ib le . The  bu lbus is ro ta te d  in such a w a y  th a t th e  inse rtion  
s ite  o f th e  M . ob liq uu s  in fe rio r c lose  to  th e  e n try  s ite  o f th e  c u t N. 
o p ticu s  [II] can be seen . The e th m o id a l ce lls  (Cellulae e th m o id a le s ) a t

th e  m ed ia l s ide  have been o pened  up to  d e m o n s tra te  th e  course  o f th e  
Nn. e th m o id a le s  an te rio r and p o s te rio r as w e ll as th e  Aa. e th m o id a le s  
a n te rio r and p o s te rio r fro m  th e  o rb it in to  th e  e th m o id  bone . The A. and 
N. in frao rb ita lis  are loca ted  in th e  lo w e r level o f th e  o rb it. In add ition  
to  se nso ry  fib res , th e  N. zygom a ticus , a b ranch o f th e  N. in frao rb ita lis , 
a lso co n ta in s  p os tgang lion ic  pa ra sym p a th e tic  f ib re s  fo r  th e  a u to no m ic  
inne rva tion  o f th e  lacrim a l gland.

Clinical Remarks
The N. o p ticu s  [II] has a c lose  to p o g ra p h ic  re la tionsh ip  to  th e  sphe 
noidal s inus (S inus spheno ida lis). D isease processes in vo lv ing  th e  
S inus spheno ida lis  (s inusitis , tu m o u rs ) can a ffe c t th e  N. o p ticu s  [II]

separa ted  fro m  th e  spheno ida l s inus  by on ly  a th in  b ony  w a ll th a t 
m ay  s o m e tim e s  n o t be p rese n t. D uring  s u rge ry  o f th e  spheno ida l 
s inus, g rea t care is requ ired  n o t to  dam age th e  o p tic  nerve.
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Nerves of the orbit

Glandula
lacrimalis

R. communicans cum nervo zygomatico 

N. lacrimalis

Ganglion ciliare

N. maxillaris 
[V/2]

N. zygomaticus

Ganglion
pterygopalatinum

R. communicans 
cum nervo zygomatico

Fig. 9 .50  N erves  o f th e  o rb it, O rb ita , and th e  eye, O culus, 
in n e rv a tio n  o f th e  lacrim al g lan d , G lan du la  lacrim alis , and  
d e m o n s tra tio n  o f th e  G ang lio n  c iliare , r ig h t side; la tera l v ie w ; a fte r 
rem ova l o f th e  te m p o ra l w a ll and o rb ita l fa t body.
S ym p ath e tic , pa rasym pa the tic , and se nso ry  fib re s  inne rva te  th e  lacri
m al g land. P ostgang lio n ic  p a ras y m p a th e tic  fib res  derive  fro m  the  
G anglion p te ryg op a la tin u m  to  s tim u la te  e xc re tio n  by  th is  g land. The 
fib re s  leave th e  G anglion p te ryg op a la tin u m , assoc ia te  w ith  th e  N. zygo
m a ticus  (a branch o f th e  N. m axilla ris  [V/2]), and separa te  as R. c o m m u 

nicans cum  nervo  zyg om a tico  (-» Figs. 8 .163  and 9.30) to  anastom ose  
w ith  th e  N. lacrim a lis  and reach th e  lacrim a l g land. The  N. lacrim a lis  (a 
branch o f th e  N. o ph tha lm icu s  [V/1]) p rov ides th e  sensory innerva tion  
o f th e  lacrim a l g land. The s y m p a th e tic  f ib re s  in h ib it g landular secre tion . 
P ostgang lio n ic  s ym p a th e tic  fib res  derive  fro m  th e  G anglion cerv ica le  
supe rius . W ith o u t synapsing, th e se  fib re s  pass th ro u g h  th e  G anglion 
p te ryg op a la tin u m  and ta k ing  th e  sam e  ro u te  as th e  p a rasym pa the tic  
fib re s  th e y  reach th e  lacrim a l g land (-► Fig. 9.30).

N. opticus [II]

Canalis opticus

M. rectus medialis

Bulbus oculi

Cellulae ethmoidales
M. rectus lateralis

Sinus sphenoidalis Os sphenoidale, 
Ala major

A. ophthalmica

A. carotis interna

Fig. 9.51 O rb it, O rb ita , r ig h t side;
horizon ta l se c tion ; su pe rio r v iew .
N o tice  th e  c lose  re la tionsh ip  b e tw e e n  th e  N. 
o p tic u s  [II], th e  A . ca ro tis  in terna , and th e  Si
nus spheno ida lis .
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Orbit, topography

I Fossa cranii anterior, anterior cranial fossa
II Sinus frontalis, frontal sinus
III Cellulae ethmoidales, ethmoidal cells
IV Cavitas nasi, nasal cavity
V Sinus maxillaris, maxillary sinus
VI Fossa temporalis, temporal fossa

Fig. 9 .52  Topog raph ical re la tionsh ips  o f th e  o rb it, O rb ita , and  
n e ig hbo uring  reg ions, r ig h t side; fro n ta l v iew .
The  O rb ita  has a c lose  topograph ica l re la tio n sh ip  w ith  ne ighbou ring  re
g ions. Th is inc ludes th e  an te rio r cranial fo ssa  (Fossa cran ii anterio r), th e

fro n ta l s inus  (S inus fron ta lis ), th e  e th m o id a l ce lls  (Cellulae e th m o id a 
les), th e  nasal ca v ity  (Cavitas nasi), th e  m ax illa ry  s inus  (S inus m axillaris), 
and th e  te m p o ra l fo ssa  (Fossa tem pora lis ).

i- Clinical Rem arks--------------------------------------
The tre a tm e n t o f d iseases, pa rticu la rly  th o s e  a ffe c tin g  facia l s tru c 
tu re s , requ ires  an in te rd isc ip lina ry  approach inc lud ing  spec ia lis ts  
fro m  oph tha lm o lo g y , o to la ryngo logy, radio logy, neu ro logy, head / 
n eck /co sm e tic  su rge ry , neu rosu rge ry , and p o te n tia lly  o th e r d isc i

p lines (e.g. ped ia trics , anesthes ia , nuc lea r m ed ic ine , and o the rs). An 
in fla m m a tio n  o r tu m o u r in th e  o rb it can spread to  ne ighbou ring  areas 
(and partia lly  v ice  versa) and m ay  requ ire  an in te rd isc ip lina ry  th e ra 
p eu tic  in te rve n tio n .
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Orbit, topography 

-C lin ical Rem arks-------------------------------------
E ndocrine o rb ito p a th y  is an in fla m m a tio n  o f th e  o rb it as p a rt o f 
GRAVES' d isease . The la tte r is an a u to im m u n e  d isease  w h ic h  is 
be lieved  to  re su lt fro m  au to an tib o d ie s  d ire c te d  a ga ins t th e  th y ro id  
g land and so m e  tissu e s  in th e  o rb it (e.g. ex tra -ocu la r m u sc le s  and 
o rb ita l fa t body). H o w e ve r, th e  de ta ils  o f th is  d isease  m echan ism  
are n o t e n tire ly  clear. The  d isease  phe n o typ e  invo lves  h ype rfun c 
tio n  o f th e  th y ro id  g land (h ype rth y ro id ism ) and e xop h th a lm o s  
(bu lg ing  o u t o f th e  eyes, -» Fig. 9 .53). E xo p h tha lm os  co inc ides 
w ith  w id e n in g  o f th e  palpebra l fis su re , re tra c tion  o f th e  eyelid , 
and d is to rte d  eye  m o ve m e n ts .

Fig. 9 .53  P a tie n t su ffering  fro m  endo crin e  o rb ito p a th y . [18] 
S how n  is th e  p ronounced  e x op h th a lm o s  as w e ll as a scar in th e  neck 
reg ion  (cond ition  a fte r  th y ro id e c to m y).

M. epicranius

Supercilia 

M. orbicularis oculi 

Fornix conjunctivae superior 

Palpebra superior 

Tarsus superior 

Cornea 

Cilia 

Palpebra inferior 

Tarsus inferior 

Fornix conjunctivae inferior

Sclera 
Septum orbitale

Corpus adiposum orbitae 
Maxilla

M. obliquus inferior 

N. infraorbitalis 

Sinus maxillaris

Os frontale
Periorbita

N. frontalis
Vagina bulbi*

M. levator palpebrae superioris

Spatium episclerale 

M. rectus superior 

A. ophthalmica 

Vagina externa nervi optici 

N. opticus [II]

M. rectus inferior 

Corpus adiposum orbitae

Fig. 9 .54  O rb it, O rb ita , r ig h t side; m edia l v ie w ; ve rtica l m id line  
sec tion .
The P erio rb ita  (pe rios teum ) covers  th e  ins ide  o f th e  o rb it. A ll s tru c tu re s  
o f th e  o rb it are e m be d d ed  in ad ipose  tis s u e  (C orpus a d iposum  orbitae). 
The S ep tu m  o rb ita le  de lin ea te s  th e  e n trance  to  th e  o rb it; a th in  layer

o f co nn e c tive  tis su e  (Vagina bu lb i, Fascia bu lb i, o r  T E N O N 's  capsule) 
su rrou n d s  th e  eyeba ll. A  n a rro w  gap (S patium  episc le ra le ) separa tes 
th e  Vagina bulb i and th e  sclera o f th e  eyeball.

*  T E N O N 's  capsu le

i- Clinical Rem arks--------------------------------------
To describe  th e  op tim a l su rg ica l access rou te , th e  o rb it is d iv ided
in to  parts  accord ing  to  d iffe re n t c lin ical crite ria :
•  B u lbar p a rt -  re tro bu lb a r part
•  C entra l o r in tracona l (de linea ted  by  th e  cone-shaped  a rrangem en t 

o f  th e  ex tra -ocu la r re c tu s  m usc les) part -  periphera l o r extra -cona l 
part

•  U pper leve l -  m idd le  leve l -  lo w e r leve l o f th e  o rb it:
-  The u p per level o f th e  o rb it is th e  space  b e tw e e n  th e  o rb i

ta l roof and the  M . levator palpebrae superioris. It contains: N. 
frontalis, N. trochlearis, N. lacrimalis, A. supraorbitalis, A. supra- 
troch lea ris , A . and V. lacrim a lis, and V. o ph tha lm ica  supe rio r 
( -  Fig. 9.46).

-  The  m id d le  level o f th e  o rb it e x te n ds  b e tw e e n  th e  ex tra 
ocu la r re c tu s  m u sc le s  and, th u s , inc ludes th e  in tracona l space 
(-♦ Fig. 9 .48). It con ta ins : N. o cu lo m o to riu s , N. nasocilia ris, N. 
abducens, N. zygom a ticus , G anglion c ilia re, A . o ph tha lm ica , V. 
o ph tha lm ica  supe rio r, Aa. c ilia res pos te rio re s  b reves and lon- 
gae.

-  The  lo w e r level o f th e  o rb it e x te n d s  fro m  th e  M . re c tu s  in fe 
rior and M . ob liq uu s  in fe rio r to  th e  o rb ita l f lo o r  (-» Fig. 9 .49). It 
con ta ins : N. in frao rb ita lis , A . in frao rb ita lis  and V. o ph tha lm ica  
in ferio r.
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Orbit, frontal sections

Fig. 9 .55  O rb it, O rb ita , r ig h t side; fro n ta l se c tion  th ro u gh  th e  o rb it 
a t th e  leve l o f th e  p o s te rio r a spe c t o f th e  B u lbus ocu li; fro n ta l v iew .

Fig. 9 .56  O rb it, O rb ita , r ig h t side; fro n ta l se c tion  th ro u gh  the  
re tro bu lb a r reg ion  o f th e  o rb it; fro n ta l v iew .
The  bu lbus and th e  s tru c tu re s  o f th e  re tro bu lb a r space  c o n n e c t to  th e  
P erio rb ita  and a m ong  each o th e r th ro u g h  th in  ligam en ts . S tro n g e r liga
m e n ts  are th e  R etinacu lum  m edia le  (b e tw e e n  th e  M . re c tu s  m ed ia lis

The o rb ita l fa t  b ody  (C orpus a d iposum  orb itae) su rrou n d s  and b u ffe rs  all 
s tru c tu re s  w ith in  th e  o rb it.

and th e  Periorb ita), th e  R etinacu lum  latera le  (be tw e e n  M . re c tu s  latera
lis and th e  Periorb ita), and th e  Lig. s u spe n so riu m  bulb i (LO C KW O O D 'S  
ligam en t, b e tw e e n  th e  M . re c tu s  m edia lis , M . re c tu s  in fe rio r and th e  
Periorbita).

i- Clinical Rem arks--------------------------------------
T h ro m bo s is  o f th e  V. ce n tra lis  re tinae  (cen tra l ven o u s  th ro m b o 
sis) is a re la tive ly  fre q u e n t re tina l d isease  assoc ia ted  w ith  s ign ifica n t 
reduction  in v is ion . D iabe tic  p a tie n ts  o fte n  d eve lop  m icrovascu la r 
changes a lso invo lv ing  th e  re tina l b lood  vesse ls  w h ic h  can rup
tu re  resu lting  in b leed ing  in to  th e  v itre o u s  body and im p a irm e n t 
o f v is ion . If re m na n ts  o f such  b leed ing  in to  th e  v itre o u s  b ody  fail 
to  reso lve  a fte r  2 -3  m o n th s  and im p a irm e n t in v is ion  con tinues, 
rem ova l o f th e  v itre o u s  b ody  (v itre c to m y) is o fte n  pe rfo rm e d .

V arious co nd itio ns  (e.g. ke ra titis  =  co rnea l in fla m m a tio n , degen 
e ra tive  ke ra toconus o r ch em ica l irrita tion ) m ay  requ ire  th e  surgica l 
re p la ce m en t o f th e  cornea to  re s to re  p rope r v is io n  (corneal tra n s 
p la n ta tio n ). D ue to  th e  lack o f vascu la risa tion  o f th e  cornea, th e  rish 
o f an im m un o lo g ica l re jec tion  is m uch  lo w e r than  w ith  vascularised 
organs. The re fo re , co rnea l tra n sp la n ta tion  is th e  m o s t fre q u e n tly  
p e rfo rm e d  tis su e  tra n sp la n ta tion  p rocedu re  w o r ld w id e .

Os frontale 

M. levator palpebrae superioris 

M. rectus superior 

Glandula lacrimalis 

M. rectus lateralis, Tendo 

Bulbus oculi, Sclera 

Os zygomaticum 

Corpus adiposum orbitae 

M. rectus inferior 

N. zygomaticus 

(V.); A. infraorbitalis 

N. infraorbitalis

A. supraorbitalis

N. supraorbitalis

M. obliquus superior

M. rectus medialis 

Os ethmoidale

Meatus nasi superior

Cellulae ethmoidales

Concha nasalis media

Periorbita

Sinus maxillaris

Lig. suspensorium bulbi

Concha nasalis media

infraorbitalis

maxillaris

Os frontale 

M. levator palpebrae
M. rectus

A. ophthalmica 
N. lacrimalis 

N. oculomotorius [III], R. superior
V. ophthalmica superior 

N.abducens 
M. rectus 

Retinaculum
N. opticus [II]

Os zygomaticum 

N. oculomotorius [III], R.

M. rectus inferior

(V.); A. infraorbitalis

N. frontalis N. nasociliaris
M. obliquus superior

N. trochlearis [IV]

M. rectus medialis 

Meatus nasi superior 

Os ethmoidale 

Retinaculum mediale 
Cellulae ethmoidales
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Eyeball

Epithelium anterius 
Camera anterior buibi

Facies anterior

1 Facies posterior 
Cornea 

Reticulum trabeculare

Axis externus buibi
Vertex corneae; Polus anterior buibi 

Polus anterior lentis
Lamina limitans anterior*

Lamina limitans posterior* 
Iris

Tunica conjunctiva buibi 

Camera posterior buibi

Orbiculus ciliaris

Limbus corneae
Angulus iridocornealis

Sinus venosus sclerae*** 
Tunica conjunctiva

Fibrae circulares

Fibrae f ^

Aequator

_ f  Stratum 
Pare I P'9mentosurn 

optica I 
retinae

Aequator

Corpus vitreum

I Stratum nervosum 

Spatium perichoroideum

Choroidea

Vagina externa nervi optici

Macula lutea, Fovea centralis 
Polus posterior buibi

Spatium intervaginale subarachnoidale

Fig. 9 .57  E yeba ll, B ulbus oculi, r ig h t side; sch em a tic  horizonta l 
part a t th e  leve l o f th e  e x it o f th e  o p tic  nerve .
In th e  an te rio r p a rt o f th e  eye, th e  C ornea  fo rm s  th e  o u te r co ver o f the  
eyeball (Tunica fib rosa  buib i). Shaped like a co nve x  d isc, th e  Cornea 
bu lges o u t fro m  th e  re s t o f th e  bu lbus. A t  th e  L im bus corneae, the  
Cornea m erges  in to  th e  less cu rved  S clera  w h ic h  fo rm s  th e  Tunica 
fib rosa  buib i in th e  p o s te rio r p a rt o f th e  eye. The ex tra -ocu la r m u sc les  
in se rt fro m  o u ts id e  a t th e  Sclera. The  Tunica vascu losa  buib i (vascular 
layer, Uvea) lies benea th  th e  Sclera. Its  a n te rio r part c o n s is ts  o f th e  Iris  
and th e  cilia ry  body (C orpus ciliare), w h ile  th e  choro id  (Choro idea) fo rm s  
th e  p o s te rio r part. A t th e  Ora serrata, th e  c ilia ry  b ody  and th e  C horo idea 
m e e t. The C horo idea re p re se n ts  th e  m o s t h igh ly  vascularized s tru c tu re

in th e  body. Its b lood  supp ly  p rov ides  n u tr ie n ts  and o xygen  to  th e  ad
ja c e n t re tina l layer and is invo lved  in th e rm o re g u la tio n  o f th e  eyeball. 
The  R etina is th e  in n e rm o s t layer o f th e  eyeba ll (Tunica in te rna  buib i). It 
co n ta in s  th e  neural laye r (S tra tum  n e rvo su m ; p ho to re ce p tive  ce lls) and 
th e  p ig m e n te d  laye r (S tra tum  p ig m e n to su m ; p ig m e n t ce lls), and in th e  
an te rio r p a rt th e  p ig m e n te d  layer o f th e  c ilia ry  b ody  and th e  ep ith e liu m  
o f th e  Iris. The  inne r space  o f th e  eyeba ll co ns is ts  o f th e  v itre o u s  body 
(C orpus v itre um ).

*  c lin ica l te rm : B O W M A N 'S  m e m brane  
* *  c lin ica l te rm : D E S C E M E T 's m em brane
* *  *  c lin ica l te rm : canal o f S C H LE M M

Clinical Rem arks--------------------------------------
R etina l a b la tio n  d escribes  th e  d e ta c h m e n t o f th e  inne r pa rts  o f th e  
re tina  (S tra tum  nervosum , N euro re tina ) fro m  its supp ly ing  re tina l 
p ig m e n t ep ithe lia l laye r (Pars p ig m e n to sa , RPE). S ym p to m s  inc lude 
th e  sensa tion  o f fla she s  o r co lo u re d  spo ts . Th is  m ay n o t o ccu r if the  
M acula  (po in t o f centra l v is ion ) is u na ffe c te d . H o w e ve r, if th e  M acula  
is de tached  fro m  its supp ly ing  p ig m e n t e p ith e liu m  fo r  m o re  than  48

hours, a p e rm a n e n t th e  loss o f fu n c tio n  o f th e  co rrespond ing  re tina l 
part w il l occur. A fte r  a su ccess fu l re a tta ch m e n t o f th e  Retina to  th e  
p ig m e n t e p ith e liu m , th e  Retina m ay  partia lly  recover, d epend ing  on 
th e  dura tion  o f th e  re tina l ab la tion. In th e  case o f a co n tin u e d  co m 
p le te  re tina l ab la tion, b lindness  is inev itab le .
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Blood vessels of the eyeball

Sinus venosus sclerae*

Circulus arteriosus iridis major

V. conjunctivalis anterior

A. conjunctivalis anterior

A. ciliaris anterior

Ora serrata

V. ciliaris 
anterior

iridis minor

A. ciliaris 
posterior longa

Retina

Vasa sanguinea retinae

V. vorticosa

Lamina choroidocapillaris 

Lamina vasculosa**

V. centralis retinae 

A. centralis retinae

Sclera

V. episcleralis 

episcleralis 
A. ciliaris posterior longa 

Aa. ciliares posteriores breves

Fig. 9 .58  B lood vessels  o f th e  eyeb a ll, B ulbus oculi, r ig h t side;
horizonta l se c tion  a t th e  leve l o f th e  N. o p ticu s  [II]; su pe rio r v iew . 
A rte ria l b lood  su pp ly  (-» Fig. 9 .44). V enous dra inage is th ro u g h  th e  
V. ce n tra lis  re tinae  and fo u r  to  e ig h t Vv. vo rticosa e  (vo rticose  ve ins ; 
-» Fig. 9 .45). The la tte r p ie rce  th e  sclera p os te rio r to  th e  e qu a to r o f th e

eyeball and jo in  th e  Vv. oph tha lm ica e  su pe rio r and in fe rio r.

*  c lin ica l te rm : canal o f S C H LE M M  
* *  c lin ica l te rm : Uvea

D im en sions  o f th e  E yeball (average va lues accord ing  to  th e  a na tom ic  and o ph tha lm o lo g ic  litera tu re )

External bu lba r axis (Axis e x te rn u s  bulb i) 24 .0  m m Radius o f cu rva tu re  o f th e  sclera 13.0  m m

Interna l bu lba r axis (Axis in te rn u s  bulb i) 22 .5  m m Radius o f cu rva tu re  o f th e  cornea 7 .8  m m

Th ickness  o f  th e  Cornea 0 .5  m m R efrac tive  index o f th e  e n tire  eye  (d is tance  v is ion) 59 d io p tre s

D ep th  o f th e  an te rio r cham ber 3 .6  m m R efrac tive  index o f th e  cornea 43 d io p tre s

Th ickness o f  th e  lens 3 .6  m m R efrac tive  index o f th e  lens (d is tance  vis ion) 19 d io p tre s

D istance  b e tw e e n  lens and Retina 15.6  m m In te rpup illa ry  d is tance 6 1 -6 9  m m

Th ickness o f th e  Retina 0.3 m m
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Iris and ciliary body

Camera anterior bulbi

Zona ciliaris

Lens

Fig. 9 .59  Irid ocorneal ang le , A ngu lus  iridocornealis , and  
a d jacen t s tructu res . [8 ]

The Cornea, Iris, and Sclera p rov ide  th e  bo rde rs  fo r  th e  iridocornea l an
g le . The e p ithe lia l laye r o f th e  c ilia ry  body p roduces th e  aqueous hu
m o u r th a t f lo w s  fro m  th e  p o s te rio r to  th e  an te rio r c h am b e r o f th e  eye. 
W h e n  it reaches th e  tra b e cu la r m e s h w o rk  a t th e  iridocornea l angle,

th e  flu id  is co lle c te d  in th e  canal o f  S C H L E M M  (*) and d ra ined in to  
ep isc le ra l ve ins . The  M . c ilia ris  is th e  m a jo r c o m p o n e n t o f th e  c ilia ry  
body and im p o rta n t fo r  a ccom m o d a tion . It co ns is ts  o f m e rid iona l (lon
g itud ina l, BR U C KE 's m uscle ), radial, and c ircu la r (M U LL E R 's  m uscle) 
m u sc le  ce lls .

Clinical Rem arks--------------------------------------
In s u ffic ie n t dra inage o f th e  aqueous h u m o u r fro m  th e  iridocornea l 
ang le  leads to  an increased  in tra -ocu lar p ressu re  (norm al 15 m m H g) 
and re su lts  in g lau co m a. D am age o ccurs  p rim a rily  to  th e  papilla o f 
th e  o p tic  nerve  w ith  th e  risk o f b lindness. Causes inc lude  b lock 
age o f  th e  iridocornea l ang le , fo r  exam p le  by adhesion  o f th e  Iris 
to  th e  Cornea (c losed-ang le  g laucom a; rare), o r th e  im pa ired  dra in 

age th ro u gh  th e  tra b e cu la r m e s h w o rk  o f th e  canal o f S C H LE M M  in 
open-ang le  g laucom a  (frequent).
The  inh e rite d  g e n e tic  d e fic ie n cy  in th e  syn th e s is  o f th e  co nn e c tin g  
p ro te in  fibrillin -1  (M A R F A N 's  syn drom e) re su lts  in th e  in su ffic ie n cy  
o f th e  zonula fib re s  w ith  luxa tion  o f th e  lens  and p e rm a n e n t ball
shaped  lens  (im pa ired  lens a ccom m oda tion ).

M. sphincter pupillae 

Iris
M. dilatator pupillae 

Sinus venosus sclerae*

Camera posterior bulbi 

ciliaris

Cornea

orpus f  Proc- ciliari 
:iliare\ M .  ciliaris

Choroidea

Sclera

Anulus iridis minor

Margo ciliaris

Pars iridica retinae

Plicae iridis

Margo pupillaris

Facies anterior

Cornea,
Facies posterior

ciliaris retinae

Fibrae zonulares; 
Spatia zonularia

Margo pupillaris

Corpus ciliare

Corpus ciliare
Orbiculus ciliaris 

[(Pars plana)] Plicae iridis

Iris, Facies
Corpus ciliare
Corona ciliaris [(Pars plicata)]

Procc. ciliares

Plicae ciliares

Fig. 9 .60  Iris, Iris, and lens. Lens; fro n ta l v iew . Fig. 9.61 Iris, Iris, and c iliary  body . C orpus ciliare; p o s te rio r v ie w ; 
a fte r rem ova l o f th e  lens.
The  c ilia ry  b ody  is d iv ided  in to  a p lane (Pars plana) and a ra ised part 
(Pars p licata). The  la tte r se rves as o rig in  fo r  app ro x im a te ly  70 cilia ry  
p rocesses (Procc. c iliares). The cilia ry  b ody  is co ve re d  w ith  c ilia ry  epi
th e liu m , w h ic h , in th e  area o f  th e  Pars p licata, se c re te s  th e  aqueous 
h u m o u r fo r  th e  iridocornea l angle. Zonula fib re s  (suspenso ry  ligam en ts  
o f th e  lens, Zonu lae  cilia res) trave rse  th e  d is tan ce  b e tw e e n  th e  cilia ry  
e p ith e liu m  and th e  lens  capsule.
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Lens

Facies anterior

Aequator

Poius posterior Facies posterior

Figs. 9 .62a and b Lens, Lens.
a fro n ta l v ie w  
b v ie w e d  fro m  th e  equa to r

D epend ing  on its  pa rticu la r leve l o f a ccom m o d a tion , th e  re fra c tive  in
dex  o f th e  lens va ries b e tw e e n  1 0 -2 0  d io p tre s  (fo r co m pa riso n , th e  
re fra c tive  index o f th e  cornea is 4 3  d io p tre s  b u t ca nn o t be m od ified ).

Poius anterior

Aequator •

Poius posterior

Figs. 9 .63a and b Lens, Lens.
a an te rio r o b lique  v ie w ; a fte r  m e rid iona l c u t and partia l d e ta ch m e n t 

o f th e  an te rio r lens  capsu le , C apsula len tis.

b Lens fib re s  o f a neona te ; sch e m a tic  d raw ing ; v ie w  fro m  th e  equator. 
The  ce n tre s  o f th e  p lanes are th e  an te rio r (Poius ante rio r) and p os te rio r 
po le  (Poius poste rio r).

«

É

Clinical Rem arks-----------------------------------
The co n tin u o us  a ppos ition  o f lens fib re s  reduces th e  e la s tic ity  o f 
th e  lens  (sta rting  a t a bo u t 4 0  years o f age) w h ic h  resu lts  in a di
m in ish ed  a ccom m o d a tion  o f th e  lens, i.e. th e  inab ility  to  p roperly  
fo cu ss in g  on o b je c ts  a t va rious d is tances  (p resbyopia ). Reduc
tio n  in in trace llu la r w a te r c o n te n t causes a lte ra tions  in p ro te ins  
(crysta llines) im p o rta n t fo r  m a in ta in ing  tra n sp a re n cy  o f th e  lens. 
The re su ltin g  increase in o pa c ity  o f th e  lens (senile  ca taract, Ca- 
ta ra c ta  senilis) re p re se n ts  th e  m o s t co m m o n  eye d isease  and 
can be d iagnosed  early  by  s lit lam p exam ina tion  (-» Fig. 9.64). 
C ataract s u rge ry  is one  o f th e  m o s t fre q u e n tly  p e rfo rm e d  surgica l 
p roce d u res  in W e s te rn  industria lised  co un trie s  (approx. 10%  o f 
all 80  year o ld  p a tie n ts  s u ffe r  fro m  advanced cataract).

Fig. 9 .6 4  S en ile  ca ta ra c t (C ataracta  sen ilis ), r ig h t side; s lit lam p 
exam ina tion .
S h o w n  is a cond itio n  o f p rog ress ive  ca ta rac t w ith  m ilky  w h ite  opa c ity  
o f th e  lens. The  w h ite  cu rved  bar on th e  righ t s ide  o f th e  im age  co ns ti
tu te s  th e  re fle c tio n  o f th e  cornea.

Aequator

Capsula lentis
Facies anterior Substantia lentis

Nucleus lentis
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Retina

Fig. 9 .65  O cu lar fun dus . Fundus oculi, r ig h t side; fro n ta l v iew ; 
o ph th a lm o sco p ic  im age  o f th e  centra l region.
The  exam ina tion  o f th e  ocu la r fu n d u s  by  d ire c t o ph tha lm osco p y  (fun- 
dusco p y  o r fun d osco p y) a llo w s  th e  clin ica l a sse ssm e n t o f th e  cond ition  
o f th e  R etina, its  b lood  vesse ls  (in particu la r th e  A . and V. cen tra lis  re
tinae), th e  o p tic  d isc  (D iscus nervi op tic i), as w e ll as th e  M acula  lutea 
and Fovea ce n tra lis  (po in t o f centra l v is ion). The  b lood  vesse ls  o f the  
Retina (A. and V. ce n tra lis  re tinae  and th e ir  branches) can be exam ined  
and d is tin g u ish e d  accord ing  to  th e ir  d ia m e te r (a rte ries -  sm a lle r d iam e
ter). N orm a lly , th e  o p tic  d isc  has a sharp ly  de linea ted  m arg in , a y e llo w  
to  orange  co lou r, and co n ta in s  a centra l dep re ss ion  (Excavatio  disci). 
A t  3 -4  m m  to  th e  te m p o ra l s ide  o f th e  o p tic  d isc  lies th e  M acu la  lu
tea  (conta ins th e  h ig h e s t co n ce n tra tio n  o f cone  ce lls  fo r  co lo u r v is ion). 
N um e ro u s  b ranches o f th e  Vasa centra lia  re tinae  co nve rg e  in a radial 
fash ion  o n to  th e  M acula , b u t fa il to  reach th e  c e n tre  (Fovea centra lis ). 
The  la tte r is supp lied  by  th e  C horo idea.

*  c lin ica l te rm : M acu la  lutea
* *  c lin ica l te rm : o p tic  d isc o r b lind  s p o t (d iscus =  Papilla nerv i optic i)

Arteriola temporalis retinae superior

Venula temporalis 
retinae superior

Discus nervi 
optici**

Macula lutea*

Venula temporalis 
retinae inferior

Arteriola temporalis 
retinae inferior

Venula macularis 
superior

Arteriola
macularis

superior

Fovea
centralis,

Foveola

Discus nervi optici*

(Venula medialis 
retinae)

Arteriola
macularis

inferior

Venula macularis 
inferior

Arteriola temporalis retinae inferior

Venula nasalis retinae inferior 

Venula temporalis retinae inferior

Arteriola temporalis 
retinae superior

Venula temporalis 
retinae superior

Venula nasalis 
retinae superior

Arteriola nasalis 
retinae superior

(Arteriola medialis 
retinae)

Arteriola nasalis 
retinae inferior

Fig. 9 .6 6  O cu lar fun dus . Fundus oculi, and b lood  vessels o f the  
re tin a , Vasa sanguinea  re tin a e , r ig h t side; fro n ta l v ie w ; sch em a tic  
d ra w in g  o f th e  course  o f th e  b lood  vesse ls .

Fig. 9 .67  O cu lar fu n d u s . Fundus oculi, r ig h t side; fro n ta l v ie w ; 
flu o re sce n ce  ang iography during  th e  a rte riovenous phase w ith  
a na tom ic  landm arks: M acu la  (b lue c irc le ); Fovea (ye llo w  c irc le ). [15]

*  Papilla nervi op tic i

Fig. 9 .68  C oncentric  e n la rg e m e n t o f th e  op tic  disc due to  
g lau co m a. [15]

i- Clinical Rem arks-----------------------------------
A fte r  retina l a b la tio n  th e  re tina  takes on a w h itis h -y e llo w  co
lour. A lte ra tio n s  o f the  re tina l b lood  vesse ls , as co m m o n ly  ob 
se rved  w ith  d iabe tic  re tino p a th y  o r hype rtens ion , are v isua lised  
early by fundoscopy. A dvanced  d iagnostic  p rocedures include 
fluo rescence  ang iography (-» Fig. 9.67). Increased intracranial 
p ressu re  m akes th e  o p tic  d isc  p ro trud e  in to  the  eyeball and its 
m arg ins appear less w e ll de fin e d  (op tic  disc o ed em a). Glau
com a a lso causes charac te ris tic  a lte ra tions  to  the  o p tic  d isc 
(-» Fig. 9.68). P atho log ica l a lte ra tions  to  the  M acula lutea are 
o fte n  age-dependen t. The m o s t fre q u e n t cause o f b lindness  in 
W e s te rn  industria lised  na tions is a g e -d ep en d en t m acu lar d e 
g e n e ra tio n  (AM D).
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Orbit, MRI

Fig. 9 .69  E x tra -o cu la r m uscles. M m . bu lb i; m a gn e tic  resonance  The  c lose  topograph ica l re la tio n sh ip s  o f th e  o rb it w ith  th e  S inus ma-
to m o g ra p h ic  im age  (M RI), fro n ta l se c tion  o f a hea lthy ind iv idua l a t th e  x illa ris , Lobus fro n ta lis , C ellulae e th m o id a le s , and M . te m p o ra lis  (not
level o f th e  o rb ita l cen tre ; fro n ta l v iew . ind ica ted) are c lea rly  v is ib le .

M. levator palpebrae superioris 

M. rectus superior 

M. obliquus superior 

N. opticus [II] 

M. rectus lateralis 

M. rectus medialis 

M. rectus inferior

Lobus frontalis, Gyri orbitales

Paries superior 

Paries medialis 

Paries lateralis 

Cellulae ethmoidales 

Paries inferior 

Sinus maxillaris 

Cavitas nasi

Lens

Bulbus oculi, Corpus vitreum 

M. rectus lateralis 

N. opticus [II] 

M. rectus medialis

Paries medialis 

Cellulae ethmoidales 

Paries lateralis 

Canalis opticus 

Lobus temporalis

Fig. 9 .70  E yeba ll, Bulbus oculi, and e x tra -o c u la r m uscles. M m . 
bu lb i; m a g n e tic  resonance  to m o g ra p h ic  im age  (M RI), tra n sve rse  sec
tio n  o f a h ea lthy  ind iv idua l a t th e  leve l o f th e  N. o p ticu s  [II]; supe rio r

v iew . Th is  se c tiona l p lane d isp lays  th e  s lig h tly  co n to rte d  course  o f th e  
N. o p tic u s  [II]. The  extra  leng th  o f th e  ne rve  se rves as reserve  during  
th e  m o v e m e n ts  o f th e  eyeba ll.

M. levator palpebrae superioris 

M. rectus superior 

Corpus adiposum orbitae 

N. opticus [II] 

M. rectus inferior 

Sinus sphenoidalis 

Sinus maxillaris

Fig. 9.71 E yeba ll, Bulbus oculi, and e x tra -o c u la r m uscles. M m . 
bu lb i; m a gn e tic  resonance  to m o g ra p h ic  im age (M RI), sag itta l sec tion  
o f a h ea lthy  ind iv idua l a t th e  leve l o f th e  N. o p ticu s  [II]; la tera l v iew .

Sinus frontalis

Corpus ciliare 

Palpebra superior 

Lens

Camera anterior

Palpebra inferior

Bulbus oculi, Camera 
postrema [vitrea]

M R I is an im ag ing  te ch n iq u e  idea lly  su ited  fo r  th e  v isua lisa tion  o f th e  
bu lba r and re tro bu lb a r space  because th e  tissu e s  o f bo th  reg ions pro
v ide  d is t in c tly  d if fe re n t c o n tra s t ra tios.

i- Examination Procedures-------------------------
M o s t v is ib le  s tru c tu re s  o f th e  eye can be exam ined  in v ivo  w ith  
specia l o p tic  in s tru m e n ts  (e.g. m a gn ify in g  g lass, o ph tha lm o 
scope , s lit lam p), such as Cornea, aqueous hum our, ir idocorne 
al angle, Iris, v itre o u s  body, Retina w ith  o p tic  d isc  and M acula. 
Im ag ing  te ch n iq u e s  a s s is t in th e  d iagnos is  o f ch ron ic  p rocesses 
and tu m o u rs  loca ted  in parts  o f th e  o rb it n o t a ccess ib le  by  visual 
inspec tion  (ou ts ide  o f th e  eyeba ll, re tro bu lb a r space). A m o ng  th e  
m o s t fre q u e n tly  used im ag ing  te ch n iq u e s  fo r  th e  exam ina tion  o f 
in tra-o rb ita l s tru c tu re s  and th e ir  to p o g ra p h ic  re la tio n sh ip s  are com -

p u te re d  to m o g ra p h y  (CT) and m ag n e tic  resonance  im ag in g
(M RI). In co m b in a tion  w ith  th e  in travenous a d m in is tra tion  o f con 
tra s t enhanc ing  agen ts , th e se  im ag ing  te ch n iq u e s  can reveal add i
tiona l c lin ica lly  re levan t in fo rm a tio n .
In cases w h e re  fu n d o sco p y  is im po ss ib le  (e.g. due to  patholog ica l 
a lte ra tio n s  o f o p tic  m edia  o f th e  eye, like co rnea l opac ity , cataract, 
b leed ing  in to  th e  v itre o u s  body), u ltrasoun d  exam ina tion  (sonogra
phy) o f th e  eye can be pe rfo rm e d .
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Visual pathway and blood vessels

Tuber cinereum*

A. cerebri posterior

Mesencephalon, 
Pedunculus cerebri

Tectum mesencephali, 
Colliculus superior

V. magna cerebri

Sulcus calcarinus

Chiasma opticum

Radiatio optica

Plexus choroideus 
ventriculi lateralis

Brachium colliculi superioris

R. calcarinus

(Area striata)

Bulbus oculi 

Aa. ciliares

A. centralis retinae

N. opticus [II]

A. ophthalmica

A. carotis interna

A. choroidea anterior 

Tractus opticus

Tractus opticus, 
Radix medialis

Tractus opticus, 
Radix lateralis

Corpus geniculatum 
mediale

Corpus geniculatum 
laterale

Fig. 9 .72  B rain, C erebrum , and b lood  supply  o f th e  visual p a th 
w a y ; in fe r io r v ie w . The p itu ita ry  g land has been rem oved  a t its  in fun - 
d ib u ium  (*). The p itu ita ry  g land lies in c lose  p ro x im ity  to  th e  Chiasm a 
o p ticu m .
The visua l p a th w a y  o rig ina tes  w ith in  th e  re tina and co n ta in s  th e  f irs t 
th re e  n eu rons  and in te rn e u ron s  (horizonta l ce lls , am acrine  ce lls). The 
d iffe re n t ce ll layers are (from  o u ts id e  to  inside):
1st N eu ro n : p h o to re ce p to r ce lls  o f th e  re tina  (cone and rod  cells)
2 nd N eu ro n : b ipo lar gang lion  ce lls  o f th e  re tina (perikarya in th e  Gan
g lion  re tinae) w h ic h  rece ive  s igna ls fro m  th e  p h o to re ce p to r ce lls  and 
tra n s m it th e s e  s igna ls  to  a m u ltip o la r gang lion  ce ll (3rd Neuron)
3rd N eu ro n : m u ltip o la r gang lion  ce lls  o f th e  re tina  (perikarya in th e  Gan
g lion  o p ticum ).
This p rinc ip le  n e tw o rk  s tru c tu re  o f th re e  neurons fo rm in g  an in trare tina l 
chain on ly  app lies  to  th e  cone  ce lls . Up to  4 0  rod ce lls  conve rge  th e ir

s igna ls  o n to  one  b ipo la r ce ll and th is  ce ll w il l th e n  tra n s m it th e se  sig 
nals ind irec tly , w ith  th e  he lp  o f am acrine  ce lls  (2 0 -5 0  d if fe re n t ty p e s  o f 
th e se  ce lls  are described  in th e  lite ra tu re ), to  one  m u ltip o la r gang lion  
cell.
The  axons o f th e  G anglion o p ticu m  e x te n d  p rim a rily  to  th e  C orpus gen i
cu la tu m  la tera le  (Radix latera lis) a lthough  severa l f ib re s  a lso  ex te n d  in to  
th e  A rea p re te c ta lis  and in to  th e  C o llicu lus  su pe rio r (Radix m edia lis ) as 
w e ll as to  th e  H ypo tha lam us. The  fib re s  run w ith in  th e  N. o p ticu s  [II] 
to  th e  C hiasm a o p ticu m , w h e re  th e  fib re s  fro m  th e  nasal p a rt o f th e  
Retina c ross  to  th e  o pp o s ite  s ide . The fib re s  fro m  th e  te m p o ra l part 
o f th e  Retina do  n o t cross. Each T rac tus  o p ticu s  co n ta in s  fib re s  w h ich  
tra n s m it in fo rm a tio n  fro m  th e  contra la te ra l ha lf o f th e  v isua l fie ld .
4th N eu ro n : Its axons trave l p rim a rily  fro m  th e  C orpus gen icu la tu m  la
te ra le  to  th e  areas 17 and 18 o f th e  cerebra l c o rte x  (Area stria ta ) in th e  
region  su rrou n d in g  th e  Su lcus ca lcarinus.

i- Clinical Rem arks--------------------------------------
Prior to  a c tiva tin g  th e  lig h t-sens itive  parts  o f th e  pho to re ce p to rs , 
lig h t m u s t p en e tra te  th ro u g h  all th e  o th e r layers o f  th e  re tina  (3. 
neuron , 2. neuron); th is  is ca lled  th e  inve rs ion  o f th e  re tina . The  o u te r 
se g m e n ts  o f th e  p ho to re ce p to rs  (1. neuron) are in c lose  c o n ta c t w ith

th e  p ig m e n t e p ithe lia l ce ll layer, w ith o u t d eve lop ing  actua l adhesion  
s tru c tu re s  b e tw e e n  p ig m e n t e p ith e liu m  and p ho to re ce p to rs . It is in 
th is  reg ion  th a t re tin a l a b la tio n  can occur, w h ic h , if le f t un trea ted , 
can re su lt in b lindness.
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Eye D evelopm ent -► ... -► Visual pathw ay

Visual pathway

1
1a
1b
2a
2b

Fig. 9 .73  V isua l p a th w a y ; sch em a tic  o ve rv ie w ; su pe rio r v iew .
The  centra l v is ion  fie ld  has a d isp ro p o rtio n a te ly  large p ro jec tion  fie ld . 
The  dee r and th e  f ir  tre e  d em o n s tra te  h o w  im ages are tra n s m itte d  fro m  
one  p a rt o f th e  v isua l p a th w a y  to  th e  n ex t. It is o n ly  a t th e  leve l o f th e  
v isua l assoc ia tion  co rtices , th a t th e  im age  is pe rce ived  as it p resen ts  
in fro n t o f  o u r eyes. The  d if fe re n t co lou ra tion  o f th e  v isua l quadrants

se rves to  illu s tra te  th e  w a y  in w h ic h  th e  in fo rm a tio n s  o f th e se  visual 
a reas are tra n s m itte d  and p rese n te d  in th e  v isua l p a th w a y  and on the  
visua l co rtex .

*  p lane o f re fra c tion  o f ligh t

i- Clinical Rem arks--------------------------------------
D ue to  th e ir  c lose  topograph ica l re la tionsh ip  to  th e  C hiasm a o p ticu m  
(optic  ch iasm ), g ro w in g  p itu ita ry  tu m o u rs  can cause a b item p o ra l 
h em ian o p sia . P o stch iasm a tic  and in trace reb ra l les ions a long th e  
visua l p a th w a y  re su lt in h o m o n y m o u s  hem ianop sia . For exam 
ple, a les ion  in th e  righ t T rac tus  o p ticu s  causes le ft-s ide d  hom o n y
m o us  hem ianops ia . In ju ry  to  th e  le f t R adiatio optica  (G R ATIO LET's 
o p tic  radia tion) resu lts  in a h om o n ym o u s  hem ianops ia  on th e  righ t

s ide . A dd itiona l s y m p to m s  inc lude  a hem ia n op tic  pup illa ry  im m o 
b ility  a pale  appearance o f th e  a ffe c te d  pup il a fte r m o n th s , o r  o p tic  
papilla oedem a . U nderly ing  causes can be tu m o u rs , basal m e n in 
g itis , aneu rysm , ischem ia  and b leed ings. Loss o f fu n c tio n  in both  
v isua l co rtices  causes a cortica l am auros is  (cortical b lindness;
-  Fig. 12.140).

Ganglion ciliare 
A. carotis interna, A. ophthalmica

Ganglion cervicale 
superius 

Tractus opticus

N. oculomotorius

Corpus geniculatum 
laterale

Radiatio optica

Colliculus superior 

Sulcus calcarinus

N. opticus [111

Chiasma opticum

Cmmon visual field 
Visual field of the left eye 
Visual field of the right eye 
Projection on the left retina 
Projection on the right retina

3a Projection on the left calcarine cortex 
3b Projection on the right calcarine cortex 
4 Conscious visual field as a result of the 

integrative achievement of the brain
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The Ear -  
Tiny Yet Complex Like a Maze
The ear (Auris) con ta ins  th e  senso ry  appara tus and nerve  ce lls  o f tw o  
se nso ry  s y s te m s  th a t a rise fro m  a co m m o n  e m b ryo n ic  sys te m  (the  o tic  
p lacode), b u t se rve  ve ry  d if fe re n t purposes: hearing and equ ilib rium  or 
balance. The  sm a ll, de lica te , m e m bra n o us , c o nvo lu te d  organs, w h ich  
carry  th e  senso ry  ce lls  o f  bo th  m o da lities , are loca ted  in th e  m e m bra 
nous labyrin th  (see b e low ). In tu rn , th e  labyrin th  is pos itio n ed  ins ide  th e  
p e tro us  part o f th e  te m p o ra l bone  (Pars pe trosa  oss is  tem pora lis ), th e  
b ony  pyram id  th a t separa tes  th e  p os te rio r and m edia l cranial fossa . The 
se nso ry  nerve , th e  N. ve s tibu lo coch lea ris  [VIII], e m e rg e s  fro m  th e  inner 
ear.
In hum ans (as in te rre s tr ia l ve rte b ra tes ) a fo rm e r (the firs t) pharyngeal 
g roove  (also n am ed  bronch ia l g roove , pharyngea l c le ft, o r b ronch ia l 
c le ft) p lus  su rrou n d in g  bones and m u sc le s  are p a rt o f th e  co ns tru c tion  
o f th e  a cou s tic  p a rt o f th e  ear -  th is  inc ludes th e  sound -co nd u c tin g  ap
para tus, th e  m idd le  ear and th e  o u te r ear. In fish , a pharyngea l g roove  
is a typ ica l "b re a th in g  h o le " ; w a te r  " in h a le d "  th ro u g h  th e  m o u th  is ex
pe lled  fro m  th e  pharynx via th e  branch ia l hole . The  "ea r-b ranch ia l c le f t"  
o f te rre s tria l an im a ls  d oes  n o t longe r open , s ince  a ve ry  th in  m e m bra 
ne, th e  ty m p a n ic  m e m bra n e  (M em brana  tym pan ica ), c loses it o ff. If th e  
ty m p a n ic  m e m bra n e  had a hole , one  could  th e o re tic a lly  b rea the  
" th ro u g h  th e  e a rs " , s ince  a co n tin u o us  open ing  w o u ld  e x is t th a t con 
n ec ts  th e  exte rna l a coustic  (auditory) m e a tu s  to  th e  pharynx. Practi
ca lly, th is  is n o t possib le  because th e  d uc ts  are to o  narrow . H ow eve r, 
d ive rs  w ith  ru p tu re d  ty m p a n ic  m e m bra n e s  can expe rie nce  d if fic u ltie s  
due  to  in flu x  o f w a te r  in to  th e  pharynx.

O uter Ear (Auris externa)

The o u te r ear e x te n d s  fro m  th e  auric le  (Auricu la) to  th e  exte rna l 
a coustic  (auditory) m e a tu s  (M e a tus  a cus ticu s  ex te rnus) up to  th e  ty m 
pan ic m em brane . In o th e r w o rd s , it is th e  "o u te r  p a rt"  o f th e  fo rm e r 
branch ia l c le ft.

A uric les  o f rabb its  o r horses are fle x ib le , fo ldab le , and are used fo r  di
rec tiona l hearing. In hum ans, o n ly  so m e  fle x ib ility  is conse rved , w h e re 
as fo ld in g  and m o tility  o f th e  o u te r ear a re  los t. D esp ite  th e  p resence  o f 
re m na n ts  o f th e s e  ear m usc les , th e y  are usua lly  to o  w e a k  to  s u pp o rt 
s ig n ifica n t m o v e m e n t o f th e  auric le . N eve rthe less , th e  Concha, m ade 
o f e la s tic  cartilage, ass is ts  in d irec tiona l hearing in hum ans.

The e x te rn a l acoustic  (a u d ito ry ) m ea tu s  is 3 - 4  cm  in leng th  and S- 
shaped. It co ns is ts  o f a d is ta l ca rtilag inous co m po n e n t, w h ic h  c o n tin 
ues as an osseous canal in th e  p e tro us  part o f th e  te m p o ra l bone . The 
osseo u s  canal e nds  at th e  ty m p a n ic  m em brane . Im m e d ia te ly  above 
and b e lo w  to  th e  ex te rna l a cou s tic  m e a tu s  is th e  te m p o ro m a n d ib u la r 
jo in t. O ne can fe e l th e  d e fo rm a tio n  o f th e  ca rtilag inous c o m p o n e n t 
w h e n  ch e w in g , espec ia lly  i f  one  inse rts  th e  f i f th  fin g e r in to  th e  exte rna l 
a cou s tic  m eatus.

M idd le  Ear (Auris media)

The ty m p a n ic  m e m bra n e  m arks th e  latera l m arg in  o f th e  m idd le  ear, 
w h ic h  is loca ted  ins ide  th e  p e tro us  p a rt o f th e  te m p o ra l bone. The 
m idd le  ear is a co n to rte d  m ucosa l space co nn e c te d  to  o th e r cav ities. 
V arious nerve  p a th w a ys  run w ith in  th e  w a lls  and th e  ca v ity  o f th e  m id 
d le  ear, w h e re  th e  th re e  aud ito ry  oss ic le s  are a ttached . The " in n e r 
p a rt"  o f th e  abo ve -m e ntio n e d  fo rm e r branch ia l c le f t is co nn e c te d  
th rough  the  auditory (EUSTACHIAN) tube  (Tuba auditiva) w ith  the  Phar
ynx.
The  a u d ito ry  tu b e  is lined by  a m u cou s  m em brane , desce n d in g  in te ri
o rly  and an te rio rly  o f th e  ty m p a n ic  cavity. The  Tuba aud itiva  is loca ted  in

an osseous m e atu s  in th e  p e tro us  part o f th e  te m p o ra l bone  and is 
s u pp o rte d  by  e la s tic  ca rtilage  to w a rd s  th e  pharynx, w h e re  its  pharynge
al o r if ic e  is shaped  like a tru m p e t bell. The Tuba aud itiva  se rves to  
equa lise  th e  a ir p ressu re  b e tw e e n  th e  m idd le  ear and th e  su rround ings, 
w h ic h  is p a rticu la rly  e v id e n t du ring  fly in g  and m oun ta in  c lim b ing .

The actual ty m p a n ic  c av ity  (C avitas tym pan i) in th e  p e tro us  p a rt o f th e  
te m p o ra l bone co n ta in s  th e  th re e  aud ito ry  o ss ic les  (O ssicu la  aud itus), 
M a lleus, Incus, and S tapes. These  o ss ic les  are co nn e c te d  by  fle x ib le  
jo in ts  and are m o un ted  to  th e  w a ll o f th e  ty m p a n ic  ca v ity  by  lig a m en ts  
to  fo rm  a V-shaped leve r th a t tra n s m its  th e  v ib ra tio n s  o f th e  tym p a n ic  
m e m bra n e  (to  w h ic h  th e  M a lle us  is a ttached) to  th e  oval w in d o w  
(w h ich  ho lds  th e  base o f th e  S tapes, see b e lo w ). In add ition , tw o  m u s 
cles (M . te n s o r tym p a n i, M . s taped ius) are a ttached  to  th e  M a lleus  and 
th e  S tapes. They regu la te  th e  " te n s io n  le v e l"  o f th e  b ony  chain and, 
th u s , th e  e ffic ie n c y  o f sound  tra n sm iss io n . The  b ranches o f th e  tw o  
cranial nerves, th e  N. fac ia lis  [VII] and th e  N. g lossopha ryngeus  [IX], run 
w ith in  th e  m ucosa l layer o f th e  w a lls  o f th e  tym p a n ic  cav ity ; th e  Chorda 
tym p a n i, a branch o f th e  N. fac ia lis  [VII], desce n d s  th ro u g h  th e  ty m p a 
n ic  cavity. These  nerve  b ranches are  n o t d ire c tly  assoc ia ted  w ith  
hearing  and balance -  th e y  supp ly  o th e r reg ions by  passing  th ro u gh  the  
ty m p a n ic  ca v ity  and p e tro us  p a rt o f th e  te m p o ra l bone . A  branch o f th e  
N. fac ia lis  [VII] inne rva tes  th e  M . s taped ius  (see above); th e  b ranches o f 
th e  N. g lossopha ryngeus  [IX] (P lexus tym p a n icu s) su pp ly  th e  m ucous  
m e m bra n e s  o f th e  ty m p a n ic  cavity.

The a ir-filled  ty m p a n ic  ca v ity  e x te n ds  in an in te rio r and p os te rio r d irec 
tio n  in to  th e  m u lti-ch a m be re d , a lso  a ir-filled  C ellu lae  m as to id e a e  in 
th e  m as to id  p rocess  o f th e  occ ip ita l bone (w h ich  is palpable  ju s t beh ind  
and b e lo w  th e  auricle).

Inner Ear (Auris interna)

The inn e r ear is re fe rred  to  as th e  labyrin th  and is a lso loca ted  in th e  
p e tro us  part o f th e  te m p o ra l bone, ju s t su pe rio r (ves tibu la r apparatus) 
and m edia l (cochlea) o f th e  ty m p a n ic  cavity. A  m e m bra n o us  and bony 
labyrin th  can be d is tingu ished .

The m em b ra n o u s  la b y rin th  is a c losed  tu b e  sys te m . It is fille d  w ith  a 
liqu id , th e  end o lym ph , and co n ta in s  th e  se nso ry  o rgans. Its  co m p le x  
s tru c tu re  co ns is ts  o f th re e  se m ic ircu la r canals (Canales sem ic ircu la res) 
w h ic h  con ta in  se nso ry  m o da lit ie s  re g is te rin g  acce le ra ted  ro ta tio n . Sen
so ry  m o da lit ie s  (Sacculus and U tricu lus) o f linear acce le ra tion  and s ta tic  
pos itio n  are loca ted  in th e  region  o f th e  ve s tib u le  (V estibu lum ).

The bo ny  lab yrin th  is a ca v ity  in th e  p e trous  p a rt o f th e  te m p o ra l bone. 
It su rrou n d s  th e  m e m bra n o us  labyrin th  and its  shape is iden tica l, bu t 
b igge r in s ize. Thus, th e  resu lting  space  b e tw e e n  th e  tw o  labyrin ths  is 
fille d  w ith  a liqu id  ca lled  pe rilym ph . Th is  p e rilym ph a tic  space  ope n s  via 
tw o  m e m bra n o us  w in d o w s  to w a rd s  th e  m idd le  ear: th e  Fenestra  ves- 
tib u li (ovalis) and th e  Fenestra  coch leae  (ro tunda). The  S tapes is se 
cu red  in th e  oval w in d o w  and th e  v ib ra tio n s  o f th e  staped ia l fo o t cause 
th e  perilym ph  to  osc illa te .

The C ochlea records  th e  v ib ra tio n s  o f th e  lym ph , w h ic h  are con fe rred  
by  th e  so un d -co nd u c tin g  appara tus o f th e  ear. The C ochlea is th e  ac tu 
al a ud ito ry  o rgan. The  ac tion  p o te n tia ls  a ris ing  fro m  th e  sensory  
m o da lit ie s  o f th e  equ ilib rium  and th e  a ud ito ry  organ are co nd u c te d  via 
th e  N. ve s tibu lo coch lea ris  [VIII] w h ic h  e n te rs  th e  labyrin th  fro m  th e  
p o s te rio r cranial fo ssa  via th e  in terna l a cou s tic  m e a tu s  (M e a tus  acus ti
cus in te rnus).
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-C lin ical Rem arks-----------------------------------
The m o s t co m m on  acu te  ear d iseases a ffe c t th e  inne r ear. Per
m anen t t in n itu s , th e  pe rcep tion  o f sound w ith o u t real exte rna l 
sound, is expe rienced  by a pp rox im a te ly  1 0 -2 0 %  o f the  popu
lation. Sud den  sen sorineura l hearing  loss (SSHL) is an id io 
pa th ic  d isease  usua lly  a ffe c tin g  one ear on ly  w ith  variab le  degree  
o f hearing im pa irm en t. In m o s t cases, recove ry  fro m  SSHL is 
spon taneous. A  fre q u e n t d isease is presbyacusis w h ich  occurs 
a fte r m any years o f exposure  to  h igher noise levels. H earing im 
p a irm e n t (hypacusis) genera lly  describes  a reduction  in hearing 
ability. W o rld w id e , the  popu lation  o ve r 14 years o ld fre q u e n t
ly have a reduced hearing th re sh o ld . There  is a w id e  range o f 
hearing im p a irm en t fro m  lig h t reduction  in hearing to  co m p le te  
dea fness. C ond uctive  hearing im p a irm e n t and sensorineura l 
causes of hearing  im p a irm e n t can be d is tingu ished . C om m on 
causes o f co nd u c tive  hearing im p a irm en t are ce rum en  (ear- 
w a x  p lugg ing  th e  exte rna l acoustic  m e a tu s  - *  p. 141), fo re ign  
bod ies in th e  exte rna l acoustic  m eatus, in flam m ation  o f the  ex
te rna l acoustic  m e a tu s  (-*  p. 138), occ lus ion  o f th e  aud ito ry  tube  
(-*  p. 143), in flam m ation  o f th e  aud ito ry  tu b e  (-» p. 149), m idd le  
ear in fec tio n s  (-* p. 144), cho les tea tom a  (-*  p. 147), o r o to sc le 
ros is  (-» p. 142). Sensorineura l hearing im p a irm e n t is fre q u e n tly  
caused by aging (see above), g en e tic  syndrom es (-» p. 137), in 
fe c tio u s  d iseases, traum a to  th e  head, tu m o u rs  (-» p. 152), and 
sudden sensorineura l hearing loss. V ertig o  is th e  sensa tion  o f 
perce ived  m o tion  w h e n  one is s ta tionary. V e rtigo  m o s t fre q u e n t
ly resu lts  fro m  con tra d ic to ry  pos itiona l in fo rm a tio n  genera ted  
during  dys func tion  o f the  vestibu la r sys te m  o f the  inner ear. There 
are ves tibu la r causes (inner ear, N. ves tibu lococh lea ris , brain) and 
non-vestibu la r causes (e.g. lo w  blood pressure).

—► D i s s e c t i o n  L i n k

A uric le  (pinna, Auricu la), exte rna l acoustic  m eatus, and tym p a n ic  m e m 
brane are usually n o t d issec ted . The an te rio r and p os te rio r sem ic ircu la r 
canals are d isp layed by ch ipp ing  open th e  bone w ith  a ch ise l. Both 
sem ic ircu la r canals are, in part, deep ly  e m bedded  in th e  p e trous  bone. 
U sually, th e  horizon ta l sem ic ircu la r canal is on ly  dem o n s tra te d . The 
M e a tu s  acusticus  ex te rn us  is exposed  along th e  course  o f th e  Nn. fa 
c ialis [VI] and ves tibu lococh la ris  [VIII] up to  th e  G anglion gen icu li, to  
th e  C ochlea and ve s tibu la r sys te m , respective ly . N ext th e  branching 
o f th e  N. pe trosus  m a jo r fro m  th e  Ganglion gen icu li is v isua lised . For 
illus tra tion  o f th e  Cochlea, th e  an te rio r su rface  o f th e  p e trous  bone, 
located m ed ia lly  to  th e  interna l acoustic  m eatus, is rem oved  w ith  a 
ch ise l app rox im a te ly  1 -2  m m  parallel to  th e  bone su rface . The ro o f o f 
tym p a n ic  cav ity  is n o w  opened. The M a lleus  and Incus b eco m e  vis ib le. 
For v isua lisa tion  o f th e  S tapes, specia l p repara tions are requ ired  (and 
th e re fo re  th is  is usua lly  on ly  d em onstra ted ). S ta rting  a t the  Ganglion 
gen icu li, th e  N. fac ia lis  [VII] is traced  w ith  care and a tte n tio n  m u s t be 
paid to  th e  Chorda tym p a n i w h ich  runs in the  o pp o s ite  d irec tion  in be
tw e e n  M a lleus  and Incus.

EXAM -CHECK LIST
•  Ear d e v e lo p m e n t •  A u r ic u la  a u r is  •  M e a tu s  a c u s tic u s  e x te rn u s  • 
G la n d u la e  c e ru m in o s a e  •  b lo o d  s u p p ly  •  ly m p h  d ra in a g e  • 
in n e rv a t io n  •  Z o s te r  o tic u s  •  A u r is  m e d ia  w ith  M e m b ra n a  ty m p a n i 
a nd  O ss icu la  a u d itu s  •  w a lls  o f  th e  C a v u m  ty m p a n i •  to p o g ra p h i
ca l re la t io n s h ip s  •  c l in ic a l re le v a n c e  •  c h o le s te a to m a  •  Os 
te m p o ra le  •  m u s c le s : fu n c t io n  a nd  in n e rv a t io n  •  P lexu s  ty m p a n i-  
cu s  •  C ho rd a  ty m p a n i •  N . fa c ia lis  [V II] a n d  N. v e s t ib u lo c o c h le a r is  
[V III] w ith  n u c le i •  fu n c t io n  o f  th e  a u d ito ry  (E U S T A C H IA N ) tu b e  • 
C och le a  •  L a b y r in th u s  v e s t ib u la r is  •  D u c tu s  s e m ic irc u la re s  w ith  
a n a to m ic a l p o s it io n  •  to p o g ra p h y : A u r is  in te rn a  in  re la tio n  to  N. 
fa c ia lis  [V II] a nd  N. v e s t ib u lo c o c h le a r is  [V III] •  M e a tu s  a c u s tic u s  
in te rn u s  •  a c o u s t ic  n e u r in o m a  •  Pars p e tro s a  •  lo n g itu d in a l and 
h o r iz o n ta l fra c tu re s  o f  th e  Pars p e tro sa  •  c o u rs e  o f  th e  N n . p e tro s i 
m a jo r  a nd  m in o r  •  G a n g lio n  g e n ic u li •  v a s c u la r is a t io n  •  A . 
la b y r in th i
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Ear O verview  -► O uter ear -► M iddle ear -► A ud ito ry  tube

Development

Week 6

Fetal period

Figs. 10.1a to  d D ev e lo p m e n t o f th e  auric le  fro m  th e  six  
auricu lar hillocks, r ig h t s ide. [21]
The m e rge r o f th e  auricu la r h illocks  (1 -6) is a c o m p le x  p rocess  and, 
thus , d e ve lo pm e n ta l abn o rm a litie s  are n o t in freq u e n t. The  p rim ord ia l 
auric les s ta rt to  d eve lop  a t th e  base o f th e  neck. A s  th e  m and ib le  d eve 
lops, th e  au ric les  m ove  cran ia lly  to  reach th e ir  norm al pos itio n  on both  
s ides  o f th e  head a t th e  leve l o f th e  eyes. Ears pos itio n ed  dee p e r in th e  
head fre q u e n tly  are associa ted  w ith  (o fte n  ch rom o so m a l)

deve lo pm e n ta l a bno rm a lities . The  ex te rna l a cou s tic  canal d e rives  fro m  
th e  p o s te rio r p a rt o f th e  f ir s t  pharyngea l g roove  w h ic h  e x te n ds  inw a rds  
as a cone-shaped  tu b e  to  reach th e  e n to de rm a l ep ithe lia l lin ing  o f the  
ty m p a n ic  ca v ity  (R ecessus tu b o tym p an icus ). A t th e  beg inn ing  o f w e e k  
9, e p ithe lia l ce lls  loca ted  a t th e  flo o r  o f th e  ex te rna l a cou s tic  m e a tu s  
p ro life ra te  to  gene ra te  a ce llu la r p la te , th e  m eata l p lug, w h ic h  norm a lly  
deg e n e ra te s  by 7 m o n th s  o f fe ta l d eve lo p m e n t. A  p e rs is te n t p la te  in 
th e  ex te rna l a cou s tic  m e a tu s  is a cause o f congen ita l dea fness.

Beginning of week 5

Otic vesicle

Ossicula auditus

Recessus
tubotympanicus

Figs. 10.2a and b D iffe re n tia tio n  o f th e  a u d ito ry  ossicles,
O ssicula a ud itus . [21]
A t th e  beg inn ing  o f w e e k  5, m e sen ch ym a l tis s u e  o f th e  f ir s t  and se 
cond  branch ia l (pharyngeal) a rches in itia te s  th e  fo rm a tio n  o f aud ito ry  
oss ic les . The  f ir s t  branchial arch (also nam ed m anch ibu la r arch) genera 
te s  th e  M a lle us  and Incus as de riva tives  o f M E C K E L 's  ca rtilage  as w e ll

-E a r  Developm ent-------------------------------------
A t app ro x im a te ly  day 22, a th icken in g  o f th e  surface e cto d erm  oc
curs on each s ide  o f th e  rh om bencepha lon . These  ce llu la r co nd e n 
sa tions, th e  otic  p lacodes, invag ina te  to  fo rm  th e  o tic  o r aud ito ry  
p it  w h ich  g ives  rise  to  th e  otic  vesicles (o tocys t). Each o tic  ves ic le  
d iv ides  in to  a ven tra l (rostra l) p a rt th a t g ives  rise  to  th e  saccule 
and th e  D uc tus  coch lea ris  and a dorsal (occ ip ita l) p a rt g iv ing  rise 
to  th e  u tric le , se m ic ircu la r canals, and th e  D uc tus  e ndo lym pha ticus . 
R ostral and occ ip ita l parts  rem ain  co n n e c te d  th ro u gh  a sm a ll d uc t. 
The  e p ithe lia l s tru c tu re s  fo rm e d  in th is  w a y  are c o lle c tive ly  nam ed 
as th e  m em b ra n o u s  labyrin th .
The f irs t pharyngea l g roove  and th e  f irs t pharyngea l pouch g ro w  and 
co m e  in c lose  c o n ta c t w ith  each o th e r. The  ex te rna l a coustic  m ea
tu s  deve lo ps  fro m  th e  e c to d e rm  o f th e  f ir s t  pharyngea l g roove ; th e  
m id d le  ear d erives  fro m  th e  e n to d e rm  o f th e  d is ta l p a rt o f th e  f irs t

End of week 5

as th e  M . te n s o r tym p a n i w h ic h  is inne rva ted  by  th e  f ir s t  branch ia l ner
ve, th e  N. m and ibu la ris  [V /3]. The second  branch ia l arch gen e ra te s  th e  
S tapes, a d e riva tive  o f REICHERT'S ca rtilage . The S tapes can be m oved  
by  th e  M . s ta p e d iu s  w h ic h  is inne rva ted  by th e  second  branch ia l nerves 
nerve , th e  N. fac ia lis  [VII].

pharyngea l pouch . The  p rox im a l part o f th e  f irs t pharyngea l pouch  re
m a ins n a rro w  and gradua lly  fo rm s  th e  a u d ito ry  tu b e  (EUSTACHIAN 
tube). The  la tte r has a ve ry  n a rro w  c o nn e c tio n  w ith  th e  part o f the  
fo re g u t w h ic h  la te r b eco m e s th e  nasopharynx. The d is ta l p a rt o f the  
f ir s t  pharyngea l pouch deve lo ps  in to  th e  ty m p a n ic  cavity.
In th e  latera l w a ll o f th e  ty m p a n ic  ca v ity  th e  R ecessus tu b o ty m p a 
n icus fo rm s  and g radua lly  e x te n d s  to w a rd s  th e  invag ina ting  pharyn 
geal g roove . A t  th e  s ite  o f co n ta c t, a th in  m e m bra n e  p e rs is ts  -  th e  
ty m p a n ic  m e m b ra n e  (ear d rum ).
A t  th e  beg inn ing  o f w e e k  5, th e  chain o f a u d ito ry  ossicles de
ve lops  fro m  m e se n ch ym e  derived  fro m  th e  f ir s t  and second  bran
ch ia l arch. A t  w e e k  6, s ix  auricu lar h illocks d eve lop  a t th e  dorsa l 
end  o f th e  f irs t pharyngea l g roove  and, in a c o m p le x  p rogress ive  
p rocess, fo rm  th e  a du lt auric le.

Week 12

hillocks

Auris interna 

Incus

Malleus

Stapes

Meatus acusticus 
externus
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Development

Sacculus endolymphaticus

Ductus semicirculares

Utriculus

Sacculus

Cochlea

Cavitas tympani

Meatus acusticus externus

Membrana tympanica

Tuba auditiva [auditoria]

Fig. 10.3 S tru c tu res  o f th e  inner, m id d le , and o u te r ear a t th e  
t im e  o f b irth . [21]
Up to  8 m o n th s  o f p regnancy, th e  in itia lly  ca rtilag inous aud ito ry  o ss ic les

are e m be d d ed  in m e sen ch ym e . G radually, th is  m e se n ch ym e  is re
p laced by an e n to de rm -d e rive d  m ucosa l lin ing  w h ic h  co ve rs  th e  co m 
p le te  tym p a n ic  cavity.

Fig. 10.4  C h ild  w ith  a p re -au ricu la r skin ta g . [20] 
A  f irs t deg ree  auricu la r dysplasia.

Fig. 10.5 Child  w ith  a sm all ru d im e n ta ry  auric le  (m ic ro tia ). [20] 
S econd  deg ree  auricu la r dysplas ia . The auric le  is sm a ll and se vere ly  
d is fig u re d . Th is  o fte n  inc ludes th e  ex te rna l a cou s tic  m eatus.

Clinical Remarks
C ong en ita l deafness o ccurs  in 2 o f 1000 n ew b o rns . O ne th ird  o f 
th e s e  cases have unde rly ing  g e n e tic  d e fe c ts . O th e r causes are in
fe c tio n s  during  p regnancy, ch ron ic  d iseases o f th e  m o th e r, m ed ica 
tio n , a lcoho l, and n ico tine . The  inab ility  to  hear s ig n ifica n tly  im pa irs  
th e  ab ility  to  speak and to  d eve lop  s tru c tu re d  th o u g h t p rocesses 
and co m m un ica tion  skills . Thus, early d iagnos is  and tre a tm e n t are

essen tia l. E xtern a l ear d efects  are co m m o n . These  a bno rm a lities  
are d iv ided  in to  g rades 1 to  3 (-*  Figs. 10.4  and 10.5). D om in an tly  in
he rited  FR ANCESCHETTI's syn d ro m e  (m and ibu lo fac ia l d ysostos is ) 
is an exam p le  o f a g rade 3 dysplas ia . Here, a d ysp las tic  f ir s t  branchial 
arch and f ir s t  pharyngea l g roove  re su lt in d e fe c ts  o f th e  ex te rna l ear 
and zygom a tic  bone , recessed  ch in , and c le f t palate.
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Ear, overview

Auricula

Meatus acusticus externus

Proc. mastoideus

Fig. 10.6 P arts o f th e  ear, A uris , r ig h t side; long itud ina l sec tion  
th ro u g h  th e  a cou s tic  m ea tus , m idd le  ear, and aud ito ry  tu b e ; fro n ta l 
v iew .
P resen ta tion  o f th e  auric le  (Auricu la), ex te rna l a coustic  m e a tu s  (M e a tus  
a cus ticu s  ex te rnus), ty m p a n ic  m e m bra n e  (M em brana  tym pan ica , ear 
d rum ), ty m p a n ic  ca v ity  (C avitas tym pan i), aud ito ry  oss ic le s  (Ossicu la  
aud itus), coch lea r labyrin th  (Labyrin thus cochlearis), and v e s tibu la r la
by rin th  (Labyrin thus ves tibu la ris ).
S ound w a ve s  in itia te  o sc illa tion  o f th e  ty m p a n ic  m e m bra n e  (a e ro ty m -  
panal cond uction ). The aud ito ry  o ss ic les  tra n s m it th e  v ib ra tio n s  to  th e  
oval w in d o w  o f th e  inne r ear (-» Fig. 10.27) and m atch  th e  lo w  a ir im pe 

dance (-* Fig. 10.17) w ith  th e  high flu id  im pedance  o f th e  liqu id -filled  in
n e r ear (im pedance  m atch ing ). In add ition , th e  inne r ear can a lso sense  
v ib ra tio n s  o f sku ll bones (bone cond uction ). W ith in  th e  inne r ear, th e  
sound  e ne rg y  p rope ls  as a w a v e  (m ig ra ting  w ave ). S ensory  ce lls  o f th e  
inn e r ear c o n v e rt th e  sound  ene rgy  in to  e lectric  im pu lses  w h ic h  are 
tra n s m itte d  via th e  N. coch lea ris  to  sp ec ific  reg ions o f th e  brain. The 
v e s tibu la r organ se rves th e  pe rce p tio n  o f ro ta tiona l and linear accelera
tio ns . M o tio n  o f th e  end o lym ph  co n ta ined  w ith in  th e  v e s tibu la r organ 
re su lts  in th e  d e fle c tio n  o f cilia  on  th e  su rface  o f se nso ry  ce lls  w h ich  
are in c o n ta c t w ith  a ffe re n t f ib re s  o f th e  N. ves tibu la ris .

Os temporale

Ossicula auditus

Cavitas tympani

Labyrinthus vestibularis

Labyrinthus cochlearis

Membrana tympanica

Tuba auditiva [auditoria]

Proc. styloideus

Canales semicirculares

Incus

Malleus

Stapes

Cavitas tympani

Membrana tympanica

N. vestibulocochlearis [VIII]

Cochlea

Tuba auditiva 
[auditoria]

Fig. 10.7 M id d le  and in ner ear, A uris  m ed ia  and in te rn a , r ig h t  
side; enla rged  se c tion  o f F igure -» 10.6; fro n ta l v iew .
D ep ic ted  are th e  ty m p a n ic  m em brane , th e  th re e  aud ito ry  o ss ic les  in 
th e  ty m p a n ic  ca v ity  (Cavitas tym pan i): ham m er-shaped  M a lleus, anvil
shaped  Incus, and s tirrup -like  S tapes as w e ll as pa rts  o f th e  m e m bra 
nous labyrin th  (Labyrin thus m em branaceus, blue).

Clinical Rem arks-----------------------------------
M echan ica l m an ipu la tions  (e.g., c lean ing  o f th e  exte rna l acoustic  
m eatus  using a Q-tip) o r in ju ry  o fte n  re su lt in in fla m m a tio ns  in the  
reg ion  o f th e  auric le  and th e  exte rna l acoustic  m eatus  (externa l 
otitis ).
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Auricle

Crura antihelicis 

Cymba conchae 

Crus helicis 

Incisura anterior 

Cavitas conchae 

Tragus

Cavitas conchae 

Incisura intertragica

Helix

Scapha 

Fossa triangularis 

(Tuberculum auriculare) 

Antihelix 

Helix

Concha auriculae 

Helix 

Antitragus

Lobulus auriculae

Fig. 10.8  A uric le , A uricu la , r ig h t side; lateral v iew .
The basic fra m e w o rk  o f th e  auric le  co ns is ts  o f e las tic  ca rtilage . The  skin 
on  th e  latera l su rfa ce  o f th e  auric le  is f ix e d  to  th e  p e rich o nd rium  and

ca nn o t be  m oved ; on  th e  rear s ide  o f th e  auric le , th e  skin  is m ovab le . 
S ubcu taneous fa t  tis s u e  is lacking. The  earlobe  (Lobu lus auricu lae) is 
fre e  o f cartilage.

N. occipitalis 
minor (C2)

N. vagus[X]
N. facialis [VII]

N. auricularis magnus 
(C2, C3)

A. auricularis posterior, 
Rr. perforantes

auricularis posterior 
Rr. auriculares

Rr. auriculares 
anteriores

A. temporalis 
superficialis

Fig. 10.9  A rte ries  o f th e  auric le . A u ricu la , r ig h t side; la tera l v iew . 
[8 ]
Due to  its exposed  loca tion , th e  auric le  is h igh ly  vascularized (p ro tec
tio n  a ga ins t freez ing , su itab le  fo r  hea t convec tion ). The  supp ly ing  ar
te r ie s  are branches o f th e  A. caro tis  ex te rn a  (A. auricu la ris  pos te rio r, 
A. te m p o ra lis  superfic ia lis ).

Fig. 10.10 S ensory  in n e rv a tio n  o f th e  auric le . A uricu la , r igh t 
side; la tera l v iew . [8]
The  se nso ry  innerva tion  o f th e  auric le  is supp lied  by  th e  N . auricu- 
lo tem p o ra lis  (from  th e  N. m and ibu la ris  [V /3]) in f ro n t o f th e  ear, th e  
Plexus cerv ica lis  (N. auricu la ris  m agnus, N. o cc ip ita lis  m ino r) fo r  th e  
region  beh ind  and b e lo w  th e  ear, th e  INI. fac ia lis  [VII] fo r  th e  auric le  it
s e lf (w h a t p a rt o f th e  N. fac ia lis  [VII] e xac tly  is invo lved  is n o t e n tire ly  
clear), and th e  N. vagus [X] fo r  th e  e n trance  (aditus) to  th e  exte rna l 
a cou s tic  m eatus.
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10 Ear O verview  -*• O uter ear -► M iddle ear -► A ud ito ry  tube

Figs. 10.11a and b M usc les , M m . auricu lares, and cartilage  of 
th e  auric le . A u ricu la , r ig h t side.
a la tera l v ie w  
b dorsa l v ie w
R ud im en ta ry  m u sc le s  can s o m e tim e s  be fo u n d  a ttached  to  th e  auric le  
(som e peop le  m anage to  w a g  th e ir  ears). These  are facia l m u sc le s  (in
nerva tion  by  th e  N. auricu la ris  p o s te rio r o f th e  N. fac ia lis  [VII]) w h ic h  are

p a rt o f a ru d im e n ta ry  sp h in c te r sys te m  still fo u n d  in m any anim als. 
H orses, fo r  exam p le , m ove  th e  auric le  such  th a t th e  ex te rna l a coustic  
m e a tu s  faces th e  sound  w ave s . D uring  h ibe rnation , h edgehogs  and 
bears use th is  sp h in c te r fu n c tio n  to  occ lu d e  th e  ex te rna l a cou s tic  m e 
a tus and b lock  o u t u n w a n te d  noise.

— ► T i b

Auricle and external acoustic meatus

auricularis superior

Scapha

M. antitragicus-

Cauda

helicis major

M. auricularis 
anterior

M. helicis minor 

M. tragicus

M. auricularis 
superior

M. auricularis 
anterior

M. obliquus auriculae

M. auricularis 
posterior 
M. transversus 
auriculae

Glandula parotidea

Cavitas tympani

tympanica

(Recessus meatus 
acustici inferior)

Pars ossea

(Recessus meatus 
acustici inferior)

Pars
fibrocartilaginea

Caput mandibulae 

Auricula

Membrana tympanica

Cavitas tympani

Figs. 10.12a and b E xterna l acoustic  m ea tu s . M e a tu s  acusticus  
exte rnus , r ig h t side; sch e m a tic  d raw ing , 
a fro n ta l sec tion  
b horizon ta l se c tion
The  ex te rna l a cou s tic  m e a tu s  is S-shaped and is fo rm e d  by th e  Pars 
tym pan ica  o f th e  Os te m p o ra le . The  auric le  has to  be pu lled  up  and 
backw ards  in o rde r to  insp e c t th e  ty m p a n ic  m e m bra n e  w ith  a re flec tin g  
o to sco p ic  m irro r o r a m ic rosco p e  (o toscopy). Th is  w ill s tra igh ten  th e  
ca rtilag inous p a rt o f th e  ex te rna l a cou s tic  m e a tu s  and a llo w  th e  (at least 
partia l) v ie w  at th e  ty m p a n ic  m em brane . In n e rv a tio n  o f th e  exte rna l

a cou s tic  m e a tu s  (no t sh ow n ) is th ro u gh  th e  N. m e a tu s  acus tic i ex te rn i 
o f th e  N. a u ricu lo tem p o ra lis  (an te rio r and su pe rio r w a ll), th e  R. auricu la 
ris o f th e  N. vagus [X] (pos te rio r and partia lly  in fe rio r w a ll), and via th e  
Rr. auricu la res  o f th e  N. fac ia lis  [VII] and th e  N. g lossopha ryngeus  [IX] 
(pos te rio r w a ll and ty m p a n ic  m em brane).

A rro w s : d irec tion  o f pull on th e  auric le  by th e  exam in e r to  s tra igh ten  
th e  ex te rna l a cou s tic  m e a tu s  and a llo w  a v ie w  a t th e  ty m p a n ic  m e m 
brane.

i- Clinical Rem arks--------------------------------------
•  In fla m m atio n  o f th e  e la s tic  ca rtilage  o f  th e  auric le  (au ricu lar p e 

r ichon dritis ) can o ccu r as a re su lt o f in ju ries  and in se c t s tings . 
The  tre a tm e n t inc ludes top ica l app lica tion  o f d is in fe c tin g  agen ts  
as w e ll as local and s y s te m ic  app lica tion  o f g lu co co rtico id s  and 
a n tib io tics .

•  The  earlobes are  rich in vascu la risa tion , d o  n o t con ta in  e las tic  car
tilage , and are eas ily  access ib le  and, th e re fo re , are o fte n  chosen 
to  d ra w  sm a ll a m o u n ts  o f b lood, e .g . fo r  m easu ring  th e  b lood 
g lu co se  leve ls  o f d ia b e tic  patien ts .

•  A b n o rm a lit ie s  o f th e  o u te r ear o fte n  requ ire  p las tic -recons truc - 
tiv e  surgery.

•  The  N. vagus [X] su pp lies  senso ry  innerva tion  to  th e  exte rna l 
a cou s tic  m e a tu s . M an ipu la tion  in th e  ex te rna l a coustic  m e a tu s  
(e.g. rem ova l o f c e rum e n  o r fo re ig n  ob jec ts ) regu la rly  in itia te s  a 
cough  re fle x  w ith  th e  respe c tive  person  (AR NO LD 'S  re flex). In 
severe  cases, th e  person  can s h o w  s igns o f nausea o r co llapses.
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Tympanic membrane

Plica mallearis posterior

Plica mallearis 
anterior

Pars tensa

Prominentia
mallearis

Stria
mallearis

Anulus fibrocartilagineus
membranae 

tympanicae

Meatus acusticus externus 
(Paries posterior)

Pars flaccida*

1 anterior upper quadrant
2 anterior lower quadrant
3 posterior lower quadrant
4 posterior upper quadrant

Fig. 10.13 Tym pan ic  m e m b ra n e , M e m b ra n a  ty m p an ic a , r igh t 
side; la tera l v ie w ; o to sco p ic  im age.
In its  an te rio r, in fe rio r, and p o s te rio r aspects , th e  M e a tu s  a cus ticu s  ex
te rn u s  is dem arca ted  by th e  Pars tym pan ica  o f th e  O s te m p o ra le . In its 
su pe rio r a spect, th e  b ony  ring is in te rru p te d  by th e  Incisura tym pan ica  
(a tta ch m e n t p o in t fo r  th e  Pars flacc ida  o f th e  ty m p a n ic  m em brane). 
W ith  th e  e xcep tio n  o f th e  Incisura tym pan ica , th e  o th e rw is e  c ircu la r 
Su lcus tym p a n icu s  is loca ted  w ith in  th e  Pars tym pan ica  (the Pars tensa 
o f th e  tym p a n ic  m e m bra n e  is a ttached  here  th ro u g h  th e  fib ro u s  ca rtila 
g inous A n u lu s  fib roca rtilag ineus).

*  c lin ica l te rm ; S H R A P N E LL 's m e m brane  
* *  typ ica lly  p os itio n ed  lig h t re flex

Fig. 10 .14  T ym p an ic  m e m b ra n e , M e m b ra n a  ty m p a n ic a , r ig h t  
side, q u a d ra n t sch em e. Lateral v iew .
Illum ina tion  o f th e  pearl-co lou red  ty m p a n ic  m e m bra n e  usua lly  re su lts  in 
a tr ia ng u la r lig h t re flex  in th e  an te rio r lo w e r quadrant, w h ic h  a llo w s  con
c lus ions  on th e  te n s io n  o f th e  ty m p a n ic  m em brane .

w
Fig. 10.15 T ym p an ic  m e m b ra n e , M e m b ra n a  ty m p a n ic a , and  
recessus o f th e  ty m p a n ic  cav ity , C av itas  ty m p a n i, r ig h t side, 
q u a d ra n t schem e; lateral v ie w ; sch e m a tic  d raw ing .
The  q uad ran t sch em e  is o f p ractica l c lin ica l re levance. The aud ito ry  os
s ic les  are loca ted  in th e  upp e r quadrants. In add ition , th e  Chorda ty m 
pani and th e  a ttach ing  te n d on  o f th e  M . te n s o r tym p a n i are localized 
here (-*  Fig. 12.148).

i- Clinical Rem arks--------------------------------------
A s th e  Pars flacc ida  is th in n e r than  th e  Pars tensa , sp on tan e o us  per
fo ra tio n  o f th e  ty m p a n ic  m e m bra n e  during  p u trid  m id d le  ear in fec
tio n  (o titis  m edia) te n d s  to  o ccu r in th is  part o f th e  ty m p a n ic  m e m 
brane. S erous e ffu s io n  co lle c tin g  in th e  m idd le  ear is v is ib le  th rough  
th e  ty m p a n ic  m em brane . Th is  e ffu s io n  can be d ra ined by  m yring o 
to m y . G ro m m e ts  inse rte d  in to  th e  open ing  o f th e  tym p a n ic  m e m 

Fig. 10 .16  T y m p a n o s to m y  tu b e  (g ro m m e t) in th e  a n te rio r lo w e r  
qu ad ran t.
To avoid in ju ry  o f s tru c tu re s  o f th e  m idd le  ear, a paracen tes is  (m yringo 
to m y ; sm a ll su rg ica l inc is ion  o f th e  ty m p a n ic  m em brane ) is pe rfo rm e d  
in th e  an te rio r o r  p o s te rio r lo w e r quadrant, respective ly . Longe r-te rm  
ve n tila tio n  o f th e  ty m p a n ic  ca v ity  is ensured  by  inse rting  a g ro m m e t 
in to  th e  inc is ion .

*  g ro m m e t

brane ensu re  lon g e r-te rm  dra inage  and aera tion  o f th e  m idd le  ear 
(-» Fig. 10.16). E xcessive  p rod u c tio n  o f c e rum e n  (earw ax) can cause 
b lockage o f th e  ex te rna l a cou s tic  m e a tu s  (C erum en  o b tu ran s) and 
co nd u c tive  hearing loss. C erum en con ta ins  b it te r  subs tances  th a t 
p rov ide  som e  p ro te c tion  aga inst in se c ts  and m icro-o rgan ism s.

Plica mallearis superior

Recessus membranae 
tympanicae superior

Plica mallearis anterior

Tuba auditiva [auditoria]

Manubrium mallei Incus, Crus longum

Plica mallearis posterior
Recessus epitympanicus

M. tensor tympani

Rim of 
tympanic 

membrane

Recessus membranae 
tympanicae anterior
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Auditory ossicles

Caput mallei

Proc. lateralis

Articulatio incudomallearis

Corpus incudis

Crus breve

Crus longum

Articulatio incudostapedialis

Basis stapedis

Manubrium mallei

Crus anterius

Crus posterius

Fig. 10.17 A u d ito ry  ossicles, Ossicula a ud itus , r ig h t side;
supe ro m e d ia l v iew .
The  aud ito ry  bones o f th e  and ito ry  o ss icu la r chain are co nn e c te d  in 
se ries. They are linked  by tru e  jo in ts  (A rticu la tio  incudom a llea ris  -  a 
sadd le  jo in t -  and A rt. incudostaped ia lis  -  a sphero ida l jo in t). The  chain 
o f a ud ito ry  oss ic le s  tra n s m its  th e  ene rgy  o f th e  sound  w a ve s  fro m  th e  
ty m p a n ic  m e m bra n e  to  th e  perilym ph  o f th e  inne r ear. Th is  invo lves  th e

tra n s fo rm a tio n  fro m  lo w e r a ir im pe d a nce  to  th e  m uch  h ighe r flu id  im 
pedance  o f th e  inne r ear lym ph . This requ ires  th e  a m p lifica tio n  o f the  
sound  w a ve s  (im pedance  m atch ing ), w h ic h  is accom p lish e d  by  th e  size 
d iffe re n c e  b e tw e e n  th e  ty m p a n ic  m e m bra n e  (55 m m 2) and th e  oval 
w in d o w  (3.2 m m 2; 17-tim es) and th e  leve r action  o f th e  aud ito ry  oss i
c les  (1 .3 -tim es). Thus, th e  a cou s tic  p ressu re  a m p lifies  by  22-fo ld .

Proc. lateralis Collum mallei

Proc. anterior

Manubrium mallei

Collum mallei

Proc. lateralis

Manubrium mallei

Caput mallei (Facies articularis)

Fig. 10.18 M a lle u s , M a lle u s , r ig h t side; Fig. 10.19 M a lle u s , M a lle u s , r ig h t side;
fro n ta l v iew . p o s te rio r v iew .

Proc. lenticularis Proc. lenticularis

(Facies articularis) Corpus incudis

Crus breve

Fig. 10.20 Incus, Incus, r ig h t side; Fig. 10.21 Incus, Incus, r ig h t side; Fig. 10 .22  S tapes , S tapes , r ig h t side;
la tera l v iew . m ed ia l v iew . su pe rio r v iew .

i- Clinical Rem arks--------------------------------------
D e fe c ts  in th e  co nd u c tive  chain (tym pan ic  m em brane , aud ito ry  os
s ic les) re su lt in cond uctive  hearing  loss. C om p le te  loss o f trans
fo rm a tio n  o f sound  p ressu re  re su lts  in a reduction  o f hearing  by 
app ro x im a te ly  20  dB . A  typ ica l d isease  causing  such hearing  loss is 
otosclerosis , a d isease  loca lized to  th e  p e tro us  p a rt o f th e  tem pora l 
bone . The base o f th e  s tapes p rog re ss ive ly  fixe s  to  th e  oval w in d o w

th ro u g h  oss ifica tio n  o f th e  Lig. anulare s taped ia le  causing  s lo w ly  in
c reasing  co nd u c tive  hearing  loss. A lso  n o te d  in so m e  p a tie n ts  is a 
coch lea r co n tr ib u tio n  w ith  senso rineu ra l hearing  loss. W o m e n  at 
2 0 -4 0  years o f age are a ffe c te d  tw o  tim e s  m o re  fre q u e n tly  than 
m en. In 70%  o f cases, o to sc le ro s is  a ffe c ts  bo th  ears.

Corpus incudis 

Crus breve

(Facies articularis)

Crus longum

Crus anterius

Caput stapedis

Crus posterius

Basis stapedis
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Tympanic cavity

tympani

Membrana tympanica

Canales semicirculares

Incus

Malleus

Anulus fibrocartilagineus

Fig. 10.23 D iffe re n t levels  o f th e  ty m p a n ic  cavity, C avitas  
ty m p a n i, r ig h t s ide; fro n ta l v iew .
From  a clin ica l s ta n d po in t, th e  ty m p a n ic  ca v ity  d iv id e s  in to  th re e  se c
tio n s  nam ed accord ing  to  th e ir  to p o g ra p h ic  re la tionsh ip  to  th e  tym p a n ic  
m em brane :
•  The e p ity m p a n u m  (red; R ecessus e p itym p a n icu s , e p itym p a n ic  re

cess, a ttic ), co n ta in s  th e  suspens ion  appara tus and th e  m a jo rity  o f

th e  oss ic le s  and, th ro u gh  th e  A n tru m  m a s to id e u m , c o n n e c ts  w ith  
th e  m a s to id  ce lls.

•  The  m e s o ty m p a n u m  (blue) co n ta in s  th e  M a nu b rium  m alle i, th e  
Proc. len ticu la ris  o f th e  incus, and th e  te n d o n  o f th e  M . te n s o r ty m 
pani.

•  The  h y p o ty m p a n u m  (green; R ecessus h ypo tym pan icus) leads in to  
th e  Tuba aud itiva  [aud ito ria l.

Recessus epitympanicus

Lig. mallei laterale 

Articulatio incudomallearis
Lig. incudis posterius

Lig. mallei anterius

M. tensor tympani, Tendo

Manubrium mallei

Chorda tympani 

A. tympanica posterior

Articulatio
incudostapedialis

M. stapedius, Tendo

Membrana tympanica

Membrana stapedialis 

Lig. anulare stapediale

Lig. mallei superius |. incudis superius

Fig. 10 .24  J o in ts  and lig a m e n ts  o f th e  a u d ito ry  ossicles, 
A rticu la tio n es  and Ligg. ossiculo rum  a u d itu s , r ig h t side;
supe rom ed ia l v iew .
L igam ents  fa s te n  th e  M a lle us  and Incus in th e  e p itym p a n u m . The A rt. 
incudom a llea ris  (saddle jo in t) c o n n e c ts  b o th  a ud ito ry  oss ic les . The  A rt.

i- Clinical Rem arks--------------------------------------
In ch ild ren , one  o f th e  m o s t co m m o n  causes o f  co nd u c tive  hearing 
loss is th e  occlusion o f th e  a u d ito ry  tu b e  caused by an in fla m m a 
tio n  o f th e  tu b e  o r re s tr ic te d  nasal b rea th ing  due to  en la rged  pha
ryngea l to n s ils  (adenoids). W ith  co n tin u e d  fu n c tio na l im p a irm e n t o f

incudostaped ia lis  (sphero ida l jo in t) co nn e c ts  th e  S tapes w ith  th e  Incus. 
The  base o f th e  S tapes (Basis s taped is ) is secured  to  th e  oval w in d o w  
by th e  Lig. anulare s taped ia le  (syndesm osis). A ll s tru c tu re s  in th e  ty m 
panic cav ity , inc lud ing  th e  Chorda tym p a n i, are lined w ith  m ucosa  o f 
th e  m idd le  ear.

th e  aud ito ry  tu b e , th e  m ucosa  o f th e  m idd le  ear s ta rts  to  s e c re t a 
se rom u co u s  flu id  th a t c o lle c ts  in th e  ty m p a n ic  cav ity  (serom ucous  
o titis  m ed ia ).
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Tympanic cavity
Lig. mallei superius

Paries tegmentalis, 
Pars cupularis

Corpus incudis

Lig. mallei laterale

Recessus membranae 
tympanicae superior

Chorda tympani

Meatus acusticus externus 

Stapes

Umbo membranae tympanicae

Membrana tympanica

Paries tegmentalis, Recessus epitympanicus

Chorda tympani; Plica mallearis anterior 

Manubrium mallei

M. tensor tympani, Tendo

M. tensor tympani 

Proc. cochleariformis 

Promontorium

Cavitas tympani

Canalis caroticus 

Anulus fibrocartilagineus

Fig. 10.25 Tym pan ic  cav ity , C av itas  ty m p a n i, r ig h t side; fron ta l 
se c tion ; fro n ta l v iew .
The  ty m p a n ic  ca v ity  is an a ir-filled  h o llo w  space  w ith in  th e  m idd le  ear 
and co n ta in s  th e  a ud ito ry  oss ic les . The  ty m p a n ic  ca v ity  is loca ted  d i
re c tly  beh ind  th e  ty m p a n ic  m e m bra n e  and is aera ted  and d ra ined by

th e  Tuba aud itiva  [aud ito ria l (EUSTACHIAN tube) w h ic h  a lso se rves in 
p ressu re  equa liza tion . The  spatia l d is tance  b e tw e e n  th e  e p itym p a n um  
and h ypo tym pa n um  is 1 2 -1 5  m m  and th e  d ep th  is 3 -7  m m , w ith  an 
inn e r v o lu m e  o f a p p ro x im a te ly  1 c m 3.

Tym pan ic  C av ity  (C av itas  ty m p a n i)

m asto id  p rocess 
(Paries m asto ideus)

p os te rio r w a ll 
(Proc. m asto ideus)

V. jugu laris  
(Paries jugu laris)

in fe rio r w a ll
(Fossa jugu laris) y

A . ca ro tis  in terna  
(Paries ca ro ticus)

an te rio r w a ll 
(carotid  canal)

m idd le  cranial fossa  
(Paries te g m e n ta lis )

su pe rio r w a ll A  
(m idd le  cranial fossa)

oval w in d o w  
(Paries labyrin th icus)

m edia l w a ll (labyrinth ) ^

ty m p a n ic  m e m brane  
(Paries m em branaceus)

latera l w all
(tym pan ic  m em brane)

Fig. 10.26 Topog raph ical re la tionsh ips  b e tw e e n  th e  ty m p an ic  
cav ity , C av itas  ty m p a n i, and a d jacen t s tru ctu res , r ig h t side; lateral 
v ie w ; sch e m a tic  d raw ing .
A  th in  bony p la te  (Tegm en tym p a n i, Paries te g m en ta lis ) separa tes  th e  
e p itym p a n u m  crania lly  fro m  th e  m idd le  cranial fossa . The a n te rio r w all 
o f th e  m e so tym p a n u m  (Paries caroticus) is in c lose  p ro x im ity  to  th e  A. 
ca ro tis  in te rna . The  ty m p a n ic  m e m bra n e  m akes up th e  e n tire  lateral 
w a ll (Paries m em b ran aceu s). The Tuba aud itiva  [aud ito ria l e n te rs  th e  
ty m p a n ic  ca v ity  in th e  in fe rio r w a ll se c tion . The p o s te rio r w a ll (Paries

r  Clinical Rem arks--------------------------------------
The a cu te  in fec tio n  o f th e  m id d le  ear (o titis  m edia) is one  o f th e  
m o s t co m m o n  d iseases during  ch ildhood . The  m o s t fre q u e n t cause 
are bacteria  and v iruse s  w h ic h  reach th e  m idd le  ear th ro u g h  th e  au
d ito ry  tu b e  (Tuba aud itiva  [aud ito ria l) during  o r a fte r  an in fec tio n  o f 
th e  nasopharynx. Th is  in fla m m a tio n  invo lves  increased  vascularisa- 
tio n  (red co lour), edem a, g ran u locy te  in filtra tio n , and pus p roduction . 
B ecause  th e  in fla m m a tio n  b locks  dra inage o f pus th ro u g h  th e  aud i
to ry  tu b e , th e  in fla m m a tio n  can sp read  to  ad jacent s tru c tu re s  and 
re su lt in severe  co m p lica tio n s , such as:

m asto ideus) bo rde rs  th e  m a s to id  p rocess (Proc. m asto ideus ). In its 
p o s te rio r upp e r se c tion , a d ire c t c o nn e c tio n  e x is ts  to  th e  pneu 
m a tic  spaces o f  th e  m as to id  (A d itus ad antrum ). The m edia l w a ll (Pari
es labyrin th icus; -» Figs. 10.27 and 10.28) separa tes  th e  C ochlea fro m  
th e  ty m p a n ic  cavity. The in fe rio r w a ll o f th e  ty m p a n ic  ca v ity  (Paries  
ju ngu la ris ) be longs to  th e  h ypo tym pa n um  and separa tes  th e  tym p a n ic  
ca v ity  fro m  th e  V. jug u la ris  in terna . Here, th e  bone is ve ry  th in  and par
tia lly  a ir-filled .

•  ru p tu re  o f th e  ty m p a n ic  m e m bra n e  (m o s t fre q u e n t case, via Pa
ries m em branaceus)

• m a s to id itis  (via Paries m a s to id e u s , A n tru m  m a s to id e u m , 
-» p. 134)

• th ro m b o p h le b it is  and th ro m b o s is  o f th e  V. jugu la ris  (via Paries 
jugu laris)

•  sep ticaem ia  (d is trib u tio n  o f pa th og e n ic  o rga n ism s fro m  th e  o titis  
m ed ia  s ite  th ro u g h  th e  b lood via Paries caroticus)

•  brain  a bscesses and /o r m e n in g itis  (via Paries te g m e n ta lis )
•  labyrin th it is  (w ith  ve rtig o  and hearing im p a irm e n t via Paries laby

rin th icus)

Proc. styloideus
Proc. mastoideus
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Tympanic cavity

Antrum mastoideum

Celiulae mastoideae

Paries mastoideus

Fossa incudis 

Sinus posterior 

Meatus acusticus externus

Sinus tympani 

Subiculum promontorii

Proc. mastoideus

Prominentia canalis semicircularis lateralis 
Eminentia pyramidalis

Prominentia canalis nervi facialis 
Fenestra vestibuli

Canalis nervi facialis
Proc. cochleariformis

Semicanalis musculi 
tensoris tympani

Impressio trigeminalis

Canalis caroticus

Ostium tympanicum 
tubae auditivae

Sulcus promontorii 

Promontorium

Celiulae tympanicae 

Fossula fenestrae cochleae 

Sulcus tympanicus

Proc. styloideus

Fig. 10.27 M e d ia l w a ll . Paries labyrin th icus , o f th e  ty m p an ic  
cavity, C avitas  ty m p a n i, r ig h t side; vertica l sec tion  in th e  long itud ina l 
ax is  o f th e  p e tro us  part o f th e  te m p o ra l bone ; fro n to la te ra l v iew .
A b o ve  th e  oval w in d o w , th e  latera l se m ic ircu la r canal bu lges o u t th e  
w a ll o f th e  ty m p a n ic  ca v ity  to  fo rm  th e  P rom inen tia  cana lis sem ic ircu la 
ris latera lis. The N. fac ia lis  [V II] passes th ro u g h  th e  C analis nervi fac ia lis  
w h ic h  is loca ted  w ith in  th e  m ed ia l w a ll. Th is  canal c re a te s  th e  horizon-

ta l P rom inen tia  cana lis nerv i fac ia lis  in th e  m ed ia l w a ll. The  Tuba a ud iti
va [aud ito ria l in itia te s  a t th e  O s tiu m  tym p a n icu m  tubae  aud itivae. Lo
ca ted  a long th e  su pe rio r a spe c t o f th e  Tuba aud itiva  [aud ito ria l, th e  Sep
tu m  cana lis m uscu lo tu b arii separa tes  th e  aud ito ry  tu b e  fro m  th e  S em i
cana lis m uscu li te n so ris  tym p a n i. T yp ica lly  pne u m a tised  (Celiu lae m as
to ideae), th e  m a s to id  p rocess  (Proc. m asto ideus) co nn e c ts  w ith  the  
ty m p a n ic  ca v ity  th ro u g h  th e  A n tru m  m a s to id e u m .

Ostium tympanicum 
tubae auditivae

Canalis caroticus

Fossula fenestrae vestibuli 

Promontorium 

Sulcus promontorii 

Fossula fenestrae cochleae 

Fenestra cochleae 

Subiculum promontorii

Canalis nervi facialis

Foramen stylomastoideum

Paries labyrinthicus

Celiulae mastoideae
Fenestra vestibuli

Canalis nervi facialis

Proc. cochleariformis

Impressio trigeminalis

Fig. 10 .28  M e d ia l w a ll . Paries labyrin th icus , o f th e  ty m p a n ic  cav i
ty , C av itas  ty m p a n i, r ig h t side; ante ro la te ra l v ie w ; a fte r  rem ova l o f 
th e  latera l w a ll and th e  a d jacen t parts  o f th e  a n te rio r and su pe rio r w a lls ; 
facia l canal and ca ro tid  canal opened.
The  m edia l w a lls  separa tes  th e  ty m p a n ic  ca v ity  fro m  th e  inne r ear 
(labyrinth ) and has tw o  open ings:

•  th e  ova l w in d o w  (Fenestra  ve s tibu li) w ith  th e  base o f th e  Stapes 
a ffixe d  to  it by  th e  Lig. anulare stapedia le

•  loca ted  m o re  in te rio rly , th e  roun d  w in d o w  (Fenestra  cochleae) oc
c luded  by  th e  M e m brana  tym p a n ica  secundaria .

In th e  space b e tw e e n  oval and round  w in d o w , th e  basal coch lea r tu rn  
c rea tes  a p ro m in e n t bu lge  in th e  m ed ia l w a ll o f th e  ty m p a n ic  cavity, 
nam ed th e  P ro m on to riu m .

i- Clinical Rem arks--------------------------------------
In fla m m atio n  o f th e  C eliulae m asto id e a e  (m asto id itis ) caused by  an 
in fla m m a to ry  p rocess  in th e  ty m p a n ic  ca v ity  is a fre q u e n t co m p lica 
tio n  o f o tit is  m edia . The  in fla m m a tio n  can spread fro m  th e  m asto id

and a ffe c t th e  s o ft tis s u e  beh ind  and in fro n t o f th e  o u te r ear, th e  
M . s te rn o c le ido m a s to id e u s , th e  inne r ear, th e  S inus s igm o ide u s , th e  
m e n in g es , and th e  N. fac ia lis  [VII].
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Tympanic cavity, topography

Crura stapedis

Ductus
lateralis

Canalis semicircularis 
lateralis

Membrana stapedialis 

Eminentia pyramidalis 

M. stapedius, Tendo 

Caput stapedis 

N. facialis [VII] 

Canalis nervi facialis

Proc. cochleariformis

N. petrosus major

M. tensor tympani

Semicanalis musculi 
tensoris tympani

Septum canalis 
musculotubarii

tubae auditivae

Promontorium

N. tympanicus

Cavitas tympani

tympani

Fig. 10.29 N . fac ia lis  [V II] , ty m p a n ic  cavity, C av itas  ty m p a n i, and  
a u d ito ry  tu b e . Tuba au d itiva  [a u d ito ria l, r ig h t side; ve rtica l sec tion  
in th e  long itud ina l ax is  o f th e  p e tro us  p a rt o f th e  te m p o ra l bone; 
fro n ta l v ie w ; facia l canal opened.
The  N. fac ia lis  [V II] is co m po se d  o f tw o  branches, th e  actual N. fac ia lis  
and th e  N. in te rm e d ius . B oth  b ranches co m b in e  deep  in th e  fac ia l canal 
(Canalis nervi fac ia lis) to  fo rm  th e  N. in te rm e d io fac ia lis  (h en ce fo rth  re
fe rre d  to  as N. fac ia lis  [VII]). It a rches around  th e  ty m p a n ic  ca v ity  and 
gen e ra te s  th e  P rom inen tia  nerv i fac ia lis  in th e  m ed ia l w a ll o f th e  ty m 

pan ic cavity. B enea th  th e re o f, th e  E m inen tia  pyram ida lis  p ro trud e s  in to  
th e  cavity. It h ouses th e  M . s ta p e d iu s  inne rva ted  by  th e  N. fac ia lis  
(-► Fig. 12.152). The  te n d on  o f th e  M . s ta p e d iu s  e x its  th e  E m inentia  
pyram ida lis  and inse rts  a t th e  in fe rio r lateral a spe c t o f th e  stapedia l 
head.
Function  o f th e  M . s taped ius: It a tte n u a tes  v ib ra tio n s  at th e  oval w in 
d o w  by s lig h tly  tiltin g  th e  s tapes, th u s , decreas ing  th e  tra n sm iss io n  o f 
sound  w a ve s  and p ro te c tin g  th e  senso ry  ce lls  o f th e  inn e r ear fro m  
e xcess ive  noise.

M. tensor tympani, Tendo
M. tensor tympani

Plica mallearis anterior
Recessus epitympanicus

Septum canalis musculotubarii 

Tuba auditiva [auditoria]

Ostium tympanicum tubae

Canalis 

Anulus fibrocartilagineus

Manubrium mallei
Membrana tympanica Proc. lenticularis '  N. facialis [VII]

Caput mallei

Lig. mallei superius

Lig. incudis superius

Corpus incudis

Chorda tympani

Incus, Crus breve 

Lig. incudis posterius 

Fossa incudis

Incus, Crus longum 

Plica mallearis posterior

Fig. 10.30 Latera l w a ll . Paries m em b ra n a c eu s, o f th e  ty m p an ic  
cav ity , C av itas  ty m p a n i, r ig h t side; m edia l v iew .
The  Canalis m u scu lo tu b a riu s  e n te rs  th e  tym p a n ic  ca v ity  fro m  th e  fro n t. 
It is co m p o se d  o f tw o  b ony  sem icana ls  (Sem icanales), separa ted  by  a 
b ony  se p tu m , and co n ta in s  th e  M . te n s o r tym p a n i and th e  Tuba aud iti- 
va [aud ito ria l. A t  th e  Proc. co ch le a rifo rm is , th e  te n d on  o f th e  M . te n s o r 
tym p a n i m akes a righ t ang le  tu rn  and inse rts  a t th e  M a nu b rium  m alle i. 
Function o f th e  M . te n s o r ty m p a n i: It increases th e  te n s io n  o f th e  
ty m p a n ic  m e m bra n e  by  pu lling  a t th e  M anu b rium  m a lle i. Th is  re su lts  in

th e  chain o f aud ito ry  oss ic le s  to  beco m e  m o re  rig id  and th is  im proves  
th e ir  ab ility  to  tra n s m it h igh -fre q ue n cy  sound  w ave s . S h o rtly  b e fo re  the  
end o f th e  C analis nerv i fac ia lis , th e  Chorda tym p a n i leaves th e  N. fa c i
a lis [VII], runs backw ards  th ro u g h  its  o w n  bony canal in to  th e  tym p a n ic  
ca v ity  and, e m be d d ed  in m ucosa , courses  th ro u g h  th e  ce n tre  o f the  
ty m p a n ic  ca v ity  b e tw e e n  M a lleus  and C rus longum  o f th e  Incus. The 
Chorda tym p a n i e x its  th e  cranial base th ro u g h  th e  Fissura sp he n o pe tro - 
sa (or Fissura pe tro tym pan ica ).

I Clinical Rem arks-----------------------------------------------------------------------------------------------------------

Paralysis o f th e  N. s ta p e d iu s  in th e  case o f facia l nerve  pa lsy a lte rs  th e  s taped ius  m u sc le  (no tiltin g  o f th e  base o f th e  S tapes in th e  oval
th e  aud ito ry  sensa tion . N orm a l sounds are perce ived  as unp leasan t- w in d o w ),
ly loud (hyperacusis) due  to  th e  in s u ff ic ie n t d am pen ing  ac tion  o f
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N. facialis [VII], topography

Incisura tympanica

Collum mallei

Spina tympanica major

Plica mallearis anterior; Chorda tympani

M. tensor tympani, Tendo

Manubrium mallei

M. tensor tympani

Stapes

Incus, Proc. lenticularis

Promontorium

Anulus fibrocartilagineus

Meatus acusticus externus

Plica mallearis posterior; 
Chorda tympani

Eminentia pyramidalis

Incus, Crus longum

M. stapedius, Tendo

Fossula fenestrae

Malleus, Proc. lateralis

Spina tympanica minor

N. abducens [VI]

N. vestibulocochlearis [VIII]

N. vagus [X]

N. accessorius [XI]

Sinus transversus

Canalis nervi facialis

Foramen stylomastoideum

Proc. mastoideus 

R. digastricus 

M. stylohyoideus 

R. stylohyoideus 

M. digastricus, Venter posterior

N. facialis [VII]

Stapes

N. glossopharyngeus [IX]

Fig. 10.31 Tym pan ic  cav ity , C av itas  ty m p a n i, r ig h t side; lateral 
v ie w  a fte r  rem ova l o f th e  ty m p a n ic  m e m bra n e  and th e  m ucosa l layer 
a round  th e  Chorda tym pan i.

N. maxillaris [V/2]

N. petrosus major

N. ophthalmicus [V/1]

Ganglion geniculi

Ganglion trigeminale

N. oculomotorius [III]

A. carotis interna

N. trigeminus [V]

N. facialis [VII]

The s tru c tu re s  o f  th e  ty m p a n ic  ca v ity  covered

N. mandibularis [V/3]

Chorda tympani 

Malleus

by m ucosa  are sh ow n .

Fig. 10 .32  N . fac ia lis  [V II] in th e  pe tro u s  p a rt o f th e  te m p o ra l 
bone, Os te m p o ra le . Pars p e tro s a , r ig h t side; p o s te rio r v ie w ; 
p e tro us  bone  partia lly  re m ove d ; facia l canal and ty m p a n ic  cav ity  
opened.

Clinical Remarks
In ju ries to  th e  N. fac ia lis  [VII] can o ccur du ring  fra c tu re s  o f th e  pe
tro u s  bone, in fla m m a tio n  o f th e  m idd le  ear o r m a s to id  p rocess, and 
surgica l in te rve n tio n  in response  to  th e se  scenarios. For p rope r d i
agnosis  o f th e  loca tion  o f a lesion  and fo llo w -u p  exam in a tion s  o f 
fac ia l nerve  palsy, a v a rie ty  o f te s ts  a re  em p lo ye d : S C H IR M E R 's  te s t 
(fu n c tio n  o f th e  lacrim a l gland), s taped ius  re flex , te s tin g  o f ta s te  and 
s o m e tim e s  s ia lo m e try  (te s tin g  th e  fu n c tio n  o f th e  sa livary glands) 
to  exam ine  th e  Chorda tym p a n i as w e ll as e le c tro m yo g rap h y  (EMG)

A fte r  rem ova l o f th e  Proc. m a s to id e u s  and ope n ing  o f th e  facia l canal 
and th e  ty m p a n ic  cav ity , th e  e n tire  course  o f th e  N. fac ia lis  [VII] and its 
b ranches in th e  b o n y  canal beco m e  v is ib le  ( - *  Fig. 12.148).

and e le c tro n e u ro n o g ra p hy  (ENoG) fo r  th e  te s tin g  o f th e  m im ic  
m usc les .
The  Chorda tym p a n i courses  th ro u g h  th e  m idd le  ear and is vu l
nerable to  in ju ries  during  ope ra tions  in th e  m idd le  ear. An iso la ted  
fu n c tio n a l loss o f th e  C horda ty m p a n i w ith  d ry m o u th  and loss o f 
ta s te  sensa tion  on th e  a ffe c te d  s ide  is co m m o n  during  m idd le  ear 
in fec tions .
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N. facialis [VII], topography

N.

Fig. 10.33 N . facia lis  [V II], N . g losso pharyn geus  [IX ], and N. 
vag us [X ], r ig h t side; fro n ta l v ie w ; p e tro us  bone  partia lly  rem oved ; 
nerves are s h o w n  transparen tly .
The  N . p etrosus  m ajo r is th e  f irs t b ranch to  leave th e  N. fac ia lis  [VII] a t 
th e  G anglion gen icu li. The N. p e tro su s  m a jo r p ro je c ts  fro n to m e d ia lly  
and e x its  th e  Os te m p o ra le  a t th e  H ia tus nerv i p e tro s i m a jo ris  b e lo w  
th e  Dura m a te r on  th e  Facies a n te rio r o f th e  Pars pe trosa  o ss is  te m p o 
ralis. Th is  nerve  p rov ides p regang lion ic  p a ra sym p a th e tic  fib re s  to  th e  
G anglion p te ryg op a la tin u m  fo r  th e  inne rva tion  o f lacrim a l and nasal 
g lands. S ho rtly  a fte r  passing  th ro u g h  th e  Foram en s ty lo m a s to id e u m , 
th e  N. fac ia lis  [VII] re leases th e  N . auricu laris  p o ste rio r fo r  th e  inne r

va tion  o f th e  auric le . S how n  are a lso th e  R. auricu la ris  o f th e  N. vagus 
[X] fo r  th e  se nso ry  innerva tion  o f th e  ex te rna l a cou s tic  m e a tu s  and th e  
N. tym p a n icu s  w h ich  b ranches o ff  th e  N. g lossopha ryngeus  sh o rtly  be
fo re  th is  cranial nerve  passes th ro u gh  th e  Foram en jugu lare . T o g e th e r 
w ith  b ranches derive d  fro m  a s y m p a th e tic  n e tw o rk  (P lexus ca ro ticus  
in te rnus, Nn. ca ro tico tym p a n ic i) su rrou n d in g  th e  A . ca ro tis  in terna , th e  
N. tym p a n icu s  p artic ipa tes  in th e  fo rm a tio n  o f a neuronal p lexus in th e  
m ucosa l layer o f th e  P ro m on to riu m . Th is  P lexus tym p a n icu s  inne rva tes  
th e  e n tire  m ucosa  o f th e  m idd le  ear as w e ll as th e  m ucosa l layer o f th e  
Tuba aud itiva  [aud ito ria l and th e  m as to id  p rocess.

Cochlea

Fossa cranii

Malleus

Meatus acusticus

Cellulae 
mastoideae 

Auris media 
Promontorium

Fossa cranii 
posterior

Basal vortex 
of the cochlea

Meatus acusticus internus

Figs. 10.34a to  c Tem pora l bo ne . Os te m p o ra le , w ith  m id d le  and H igh -reso lu tion  CT is able  to  v isua lize  in de ta il all s tru c tu re s  o f th e  m id -
in ner ear, le ft ear; c o m p u te d  to m o g ra p h ic  se c tion  (CT), in fe rio r v iew . d ie  and inne r ear. For exam p le , th is  im ag ing  te ch n iq u e  a llo w s  fo r  th e
[10] eva lua tion  o f th e  in terna l a cou s tic  [aud ito ry ] m ea tus , th e  pneum a tisa -

tion  o f th e  m a s to id  p rocess, th e  p os itio n in g  o f th e  a ud ito ry  oss ic les , 
and th e  labyrin th .

i- Clinical Rem arks--------------------------------------------------------------------------------------------------------------
The N. fac ia lis  [VII] can be accessed  su rg ica lly  th ro u gh  th e  m as to id  fac ia l nerve . Upon ca re fu l rem ova l o f th e  m a s to id  bone , th e  p os te rio r
p rocess, fo r  exam p le  to  p rov ide  re lie f fo r  an in fla m e d  and s w o lle n  se c tion  o f th e  fac ia l canal is exposed .

Chorda tympani

R. auricularis (N. vagus)

auricularis posterior (N. facialis)

N. facialis [VII]

N. tympanicus

Plexus tympanicus

N. caroticotympanicus (Plexus caroticus internus)

N. facialis [VII]

N. petrosus major

N. petrosus minor

inferius (IX)

N. glossopharyngeus [IX]

carotis interna

N. vagus [X] 

Chorda tympani

Plexus caroticus internus

N. canalis pterygoidei 
(Radix facialis)

Fossa cranii media Utriculus

Fossa cranii posterior
Meatus 

acusticus internus

Cellulae 
_ .. mastoideae
Canalis
semicircularis lateralis

Cochlea
Fossa cranii media

Incus

Malleus

Fossa cranii 
posterior

Cellulae 
Utriculus mastoideae
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Auditory tube

Os palatinum, Lamina horizontalis

Os sphenoidale, 
Proc. pterygoideus

medialis 

Lamina lateralis 

Ostium pharyngeum tubae auditivae

Lamina lateralis "

Lamina medialis

Cartilago 
tubae auditivae

Os temporale, Pars petrosa 

Apertura externa canalis carotici 

Condylus occipitalis

Fig. 10 .35  C artilag e  o f th e  a u d ito ry  tu b e , C artilag o  tu b ae  
a u d itiv ae , r ig h t side; in fe r io r v ie w ; exposed  a t th e  base o f th e  sku ll. 
P ro jecting  in an o b lique  ang le  fro m  a cranial poste ro la te ra l to  a fro n to - 
m ed ia l caudal pos ition , th e  app ro x im a te ly  4  cm  long a ud ito ry  tube  
(Tuba aud itiva  [aud ito ria l, EUSTACHIAN tube) co nn e c ts  th e  tym p a n ic  
ca v ity  w ith  th e  nasopharynx (nasal p a rt o f th e  pharynx). It se rves  in 
p ressu re  equa lisa tion . The  re q u ire m e n t fo r  op tim a l tra n sm iss io n  o f 
sound  w a ve s  is equa l a ir p ressu re  in bo th  th e  tym p a n ic  ca v ity  (the  ty m 
panic m e m bra n e  is im pe rm e ab le  to  air) and th e  ex te rna l a cou s tic  m ea
tu s  co m p a rtm e n t. If th is  is n o t th e  case, e .g . during  th e  a scen t o r d e 
s c e n t f l ig h t o f a p lane, im pa ired  hearing resu lts .

Os sphenoidale, Ala major, Facies temporalis 

Foramen ovale 

Spina ossis sphenoidalis

M. uvulae 

M. tensor veli palatini 

Aponeurosis palatina

Proc. pterygoideus, 
Hamulus pterygoideus

M. tensor veli palatini

M. levator veli palatini

Cartilago tubae auditivae

Lamina medialis 

Lamina lateralis
Proc. pterygoideus

Foramen lacerum 

Foramen ovale 

M. tensor veli palatini, Origo

lateralis')
I Cartilago tubae 
| auditivae

Lamina medialis J

Fossa mandibularis 

Semicanalis tubae auditivae 

M. levator veli palatini, Origo

Canalis caroticus, Apertura externa

Fig. 10 .36  M . le v a to r veli p a la tin i, M . te n s o r ve li p a la tin i, and  
cartilage  o f th e  a u d ito ry  tu b e , C artilag o  tu b a e  au d itivae ; in fe rio r 
v iew .
The Tuba aud itiva  [aud ito ria l (bony p a rt n o t sh ow n ) in itia te s  a t th e  O s ti
um  ty m p a n ic u m  tubae  aud itivae  o f th e  an te rio r w a ll o f th e  tym p a n ic  
ca v ity  (Paries ca ro ticus) and e nds  a t th e  O s tiu m  p ha ryngeum  tu b a e  au
d itivae  w h ic h  p ro trud e s  in th e  p o s te rio r latera l a spe c t o f th e  naso
pharynx. O ne can d is tin g u ish  a bony part (Pars ossea) and a cartilag i-

-C lin ical Rem arks--------------------------------------
The ep ithe lia l lin ing  o f  th e  Tuba aud itiva  [aud ito ria l is co m po se d  o f 
re sp ira to ry  p se u d o s tra tifie d  c ilia ted  e p ith e liu m  and g o b le t ce lls . The 
cilia  bea t in th e  d ire c tio n  o f th e  nasopharynx (m ucoc ilia ry  escalator). 
W h e n  th e  p ro te c tive  m e cha n ism s o f th e  tu b e  fa il, ascend ing  in fec 
tio n s  can cause  an in fla m m a tio n  o f th e  Tuba a u d itiv a  [a u d ito ria l

nous p a rt (Pars cartilag inea) tw ic e  th e  leng th  o f th e  b ony  part. The  la tte r 
co ns is ts  o f a tro u g h-sh a pe d  e las tic  cartilage (Cartilago tubae  auditivae) 
in an ups id e -do w n  pos itio n  w ith  co nn e c tive  tis s u e  (Lam ina m em brana- 
cea) on its  m ed ia l s ide , th u s  c rea ting  a s lit- like  canal. C on tra c tio n s  o f 
th e  M m . te n s o r und leva to r ve li pa la tin i during  sw a llo w in g  re su lt in th e  
open ing  o f th e  Tuba aud itiva  [aud ito ria l.

—♦ T  3

and th e  m idd le  ear. S im ila r to  s w a llo w in g , ya w n in g , and ch ew in g , 
th e  m o de ra te ly  fo rc e fu l exha la tion  w ith  th e  m o u th  c losed  and th e  
nose  p inched  s h u t (V A LS A LV A 's m aneuver) can open a b locked  
Tuba aud itiva  [aud ito ria l and re s to re  p rope r aera tion  o f th e  m idd le  
ear.
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Auditory tube

N. pterygoideus medialis, Rr. musculares
centralis)

Dura mater cranialis

10.37
10.38

Tuba auditiva [auditoria], Pars ossea
Septum canalis 
musculotubarii

Fig. 10.37 A u d ito ry  tu b e . Tuba a u d itiv a  [a u d ito r ia l, r ig h t side;
cro ss -sec tio n  th ro u gh  th e  Canalis m u scu lo tu b a riu s  a t th e  leve l o f th e  
Pars ossea; lateral v iew .
The  osseo u s  p a rt o f  th e  Tuba aud itiva  [aud ito ria l is loca ted  in a tr ia ng u 
lar b ony  canal (S em icana lis  tu b a e  aud itivae  o f th e  Canalis m u scu lo tu b a 
rius) o f th e  Pars pe trosa  oss is  te m p o ra lis . S epara ted  by a th in  bony 
layer lies th e  M . te n s o r tym p a n i in th e  S em icana lis  m u scu li te n so ris  
tym p a n i o f th e  Canalis m uscu lo tubarius .

M. tensor tympani

Semicanalis musculi 
tensoris tympani

M. tensor tympani, Fascia

tubae
auditivae

auditiva [auditoria]

Tunica mucosa

Cellulae pneumaticae

Impressio trigeminalis

Dura mater cranialis

Foramen
ovale

Dura mater cranialis
Ganglion trigeminale

carotis interna

Cartilago tubae auditivae,
Lamina medialis

levator veli palatini

Facies posterior 
partis petrosae

tubae auditivae, 
Lamina lateralis

Recessus pharyngeus

Tuba auditiva 
[auditoria]

M. tensor veli 
palatini

auditiva [auditoria], 
Pars cartilaginea, 
Lamina membranacea

N. mandi- 
bularis [V/3]

Os temporale, 
Pars petrosa

Plexus venosus 
caroticus internus

caroticus

Fissura sphenopetrosa

Tuba auditiva 
[auditoria]

tensor veli palatini

M. levator veli palatini

Figs. 10.38a and b A u d ito ry  tu b e . Tuba a u d itiv a  [a u d ito ria ], r ig h t  
side; cro ss -sec tio n  a t th e  leve l o f th e  latera l p a rt o f th e  Pars cartila 
g inea; latera l v iew , 
a c losed  tu b e
b o pened  tu b e ; a rro w s  ind ica te  th e  e ffe c t o f m u sc le  co n tra c tion  on 

th e  a ud ito ry  tu b e
S w a llo w in g  invo lves  th e  co n tra c tion  o f th e  M m . te n s o r and leva to r ve li 
pala tin i. C o n tra ctio n  o f th e  M . ten so r ve li p a la tin i causes a pull a t th e

i- Clinical Rem arks--------------------------------------
C le ft p a la te  co inc ides w ith  a loss o f fu n c tio n  o f th e  M m . te n s o r 
and leva to r ve li pala tin i, as th e s e  m u sc le s  have lo s t th e ir  a tta ch 
m e n t p o in t (P unctum  fixu m ) a t th e  hard and s o ft pala te , respec
tive ly  (-» Fig. 10.36). Thus, th e  co n tra c tion  o f bo th  m u sc le s  fa ils  to

Pars m em branacea  and th e  upper rim  o f th e  ca rtilag inous part o f th e  
a ud ito ry  tu b e  re su ltin g  in a d ila tion  o f th e  tu b e  lum en . C ontraction  of 
th e  M . le v a to r veli p a la tin i causes th e  m u sc le  to  bu lge  o u t and th is  
m u sc le  b e lly  p ushes a ga ins t th e  ca rtilag inous part o f th e  tu b e  fro m  
b e low . A s  a resu lt, th e  s lit-shaped  lum en bends such  th a t it causes the  
lum e n  o f th e  aud ito ry  tu b e  to  d ila te . O cc lus ion  o f th e  a ud ito ry  tu b e  in
vo lve s  th e  M . sa lp ingopha ryngeus (no t show n).

open th e  Tuba aud itiva  [aud ito ria l. In p a tie n ts  w ith  c le f t pa la te  and 
no tre a tm e n t, th e  m idd le  ear is n o t aera ted  and m ucosa l adhesion  
p rocesses occur. These  ch ild ren  usua lly  have m a jo r im p a irm e n ts  in 
hearing  and speech.
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Bony labyrinth

Cochlea

Porus acusticus internus

N. cochlearis

N. vestibulocochlearis [VIII]

Canalis sem icircularis 
anterior

Canalis sem icircularis 
lateralis

Canalis sem icircularis 
posterior

N. ve s tibu la ris----- f-f£-

Fig. 10.39 In ner ear, A uris  in tern a , and N . vestibu lo co ch learis  
[V III]; su pe rio r v ie w ; inn e r ear p ro je c te d  o n to  th e  p e tro us  part o f th e  
te m p o ra l bone illu s tra ting  its natural pos ition .

The tip  o f th e  C ochlea is p o in te d  a nte ro la te ra l. The se m ic ircu la r canals 
(Canales sem ic ircu la res) pos itio n  in a 45° ang le  in re la tion  to  th e  m ain 
p lanes o f th e  sku ll (fron ta l, sag itta l, and horizonta l p lanes). Th is  is 
im p o rta n t in fo rm a tio n  to  k n o w  w h e n  e xam in ing  CT scans o f th e  sku ll.

Foramen rotundum 

A. carotis interna, Pars cavernosa

Foramen lacerum

N. petrosus major 

Cochlea

Porus acusticus internus 

N. facia lis [VII]

{
N. cochlearis 

N. vestibularis 

Foramen jugulare

Fig. 10 .40  In ner ear, A uris  in te rn a , w ith  N. fac ia lis  [V II] and N. 
ves tibu lo co ch learis  [V III], r ig h t side; su pe rio r v ie w  o n to  th e  p e trous  
part o f th e  te m p o ra l bone.
W h e n  e n te rin g  th e  P orus a cus ticu s  in te rn u s , th e  N. fac ia lis  [VII] and its 
in te rm e d iu s  p a rt pos itio n  on to p  o f th e  N. ve s tibu lo coch lea ris  [VIII] (in 
c lin ica l te rm s  o fte n  re fe rred  to  as N. s ta toacus ticus ), w h ic h  is c o m 
posed  o f th e  Nn. coch lea ris  and ves tibu la ris . The  nerves d is trib u te  
w ith in  th e  p e tro us  bone . The N . cochlearis  a rches fo rw a rd  to  th e  co ch 
lea. The  N . ves tib u la ris  arches backw ard  and, ju s t b e fo re  reach ing  the  
labyrin th , d iv id e s  in to  a Pars su pe rio r fo r  th e  an te rio r and latera l sem ic ir-

Foramen ovale

Foramen spinosum

Synchondrosis sphenopetrosa

N. facialis [VII], Ganglion geniculi

Ductus sem icircularis anterior 

Ductus sem icircularis lateralis

Sulcus sinus sigmoidei 

Ductus sem icircularis posterior

cu la r canals and th e  saccu le  as w e ll as in to  a Pars in fe rio r fo r  th e  u tric le  
and th e  p o s te rio r se m ic ircu la r canal. The  perikarya  o f th e  neurons o f 
bo th  pa rts  are jo in tly  loca ted  in th e  G an g lio n  ves tib u la re . The N. fa c i
a lis [VII] runs above and in b e tw e e n  th e  cochlea  and v e s tibu la r organ in 
th e  facia l canal. A t  th e  o u te r facia l knee, th e  facia l ne rve  bends d o w n 
w a rd  in an a lm o s t 90° ang le . The  N . p etrosus  m a jo r  branches o f f  the  
N. fac ia lis  [VII] a t th e  G anglion gen icu li. The  nerve  runs in a dup lica tion  
o f th e  dura on to p  o f th e  p e trous  bone  to w a rd s  th e  Foram en lacerum  
and con ta ins  p regang lion ic  p a ra sym p a th e tic  f ib re s  fo r  th e  innerva tion  
o f lacrim a l and nasal g lands.

dissect i on l ink
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Bony labyrinth

Canalis nervi 
facialis

Foramen ovale

Apex partis petrosae

Meatus acusticus 
internus

Synchondrosis 
petrooccipitalis 

Sulcus sinus petrosi 
inferioris

Synchondrosis
sphenopetrosa

Sulcus nervi petrosi 
majoris

Foramen lacerum 

Canalis caroticus

Synchondrosis
sphenopetrosa

Apex partis petrosae

Meatus acusticus 
internus

Figs. 10.41a and b B ony la b y rin th , Labyrin th us  osseus, r igh t 
side; h o llo w e d  o u t o f th e  p e trous  p a rt o f th e  te m p o ra l bone ; p os te rio r 
and supe rio r v ie w  (a), su pe rio r v ie w  (b).
The inne r ear (Auris in terna) is a co m p le x  o f b ony  canals and a m pu lla ry  
e x te n s io n s  in th e  Pars pe trosa  o f th e  Os te m p o ra le  (bony labyrinth).

C on ta ined  w ith in  it is a sys te m  o f m e m bra n o us  tu b e s  and sacs, know n  
as m e m bra n o us  labyrin th . It harbours th e  v e s tibu la r and coch lea r organ 
(O rganum  vestibu lococh lea re ).

*  ope n ing  o f th e  C ana licu lus p os te rio r

Cellulae tympanicae

Canalis semicircularis 
anterior

Canalis semicircularis 
lateralis

Crus osseum commune

Canalis semicircularis 
posterior

Aqueductus vestibuli 

Sulcus sinus sigmoidei 

Foramen jugulare

Semicanalis tubae 
auditivae

Cavitas tympani 

Cochlea

Canalis nervi facialis

Canalis semicircularis 
lateralis

Fenestra vestibuli 
*

Canalis semicircularis 
anterior

Cupula cochleae

Lamina modioli

Modiolus
cochleae

Canalis spiralis 
cochleae

Canalis
longitudinalis

modioli

Fundus meatus 
acustici interni

Canalis spiralis modioli

Scala vestibuli

Lamina spiralis 
secundaria

Lamina spiralis 
ossea

Scala tympani

Tractus spiralis 
foraminosus

Meatus acusticus internus

Area vestibularis 
inferior

Foramen
singulare

Crista transversa

Area cochlearis

Tractus spiralis foraminosus

Meatus acuououo 
internus acustici interni

Area nervi facialis

Area vestibularis 
superior

Fig. 10.42 S p ira l canal o f th e  cochlea, C analis  sp ira lis  cochleae, 
r ig h t side; su pe rio r v ie w ; opened  a long th e  axis o f th e  m od io lus .
The  C ochlea co ns is ts  o f a sp ira l canal (Canalis sp ira lis  cochleae) o f 2 V2 

tu rn s  around  a centra l m od io lu s  (M o d io lu s  cochleae). The G anglion spi- 
rale cochleae, con ta in ing  th e  perikarya  o f th e  b ipo lar neurons o f th e  N. 
coch lea ris , is loca ted  w ith in  th e  Canales sp ira lis  and long itud ina lis  m o 
d io li. O rig ina ting  fro m  th e  m od io lus , th e  Lam ina sp ira lis  ossea  pro
tru d e s  in to  th e  coch lea r canal.

i- Clinical Rem arks--------------------------------------
The acoustic  neu rin o m a (also kn ow n  as v e s tibu la r sch w a n n om a , 
a cou s tic  neurom a, a cou s tic  n eu rile m m o m a , a cou s tic  neu ro fib rom a) 
is a ben ign  tu m o u r o f th e  S C H W A N N 's  ce lls  and m o s t fre q u e n tly  
a ffe c ts  th e  ves tibu la ris  nerve . A s  it o r ig ina tes  in th e  M e a tu s  acu-

Fig. 10.43 In tern a l acoustic  m eatu s . M e a tu s  acusticus in ternus, 
and fu n d u s  o f th e  in tern a l acoustic  m eatu s . Fundus m eatu s  
acustic i in te rn i, r ig h t side; m edia l v ie w ; a fte r  partia l rem ova l o f th e  
p o s te rio r w a ll.
The in te rna l a cou s tic  m e a tu s  in itia te s  a t th e  Porus a cus ticu s  in te rn u s  
and p ro je c ts  la te ra lly  fo r  app ro x im a te ly  1 cm . H ere it e nds  in a 
pe rfo ra ted  b ony  p la te . The  N. fac ia lis  [VII] and N. ves tibu lo coch lea ris  
[VIII] run  in th is  1 cm  long se gm e n t.

s ticu s  in te rn u s  and g ro w s  in to  th e  p o s te rio r cranial fossa , it p res
ses on a d jacen t s tru c tu re s  (ce rebe llo -pon tine  ang le  tu m o u r). Early 
s y m p to m s  inc lude  a s y m m e tric  hearing im pa irm en t, d izziness, and 
loss o f balance.

152



Inner ear -► Hearing and equ ilib rium

Bony labyrinth

Ampulla ossea anterior 

Macula cribrosa superior 

Crista transversa

Cochlea

Macula cribrosa media

Canalis semicircularis anterior

Crus osseum commune

Crus osseum simplex 

Canalis semicircularis posterior 

Canalis semicircularis lateralis

Ampulla ossea posterior

labyrinthi

Fenestra cochleae

Fig. 10.44 B ony la b y rin th , Labyrin th us  osseus, r ig h t side; v ie w  
fro m  an o b lique  p o s te rio r ang le ; th e  osseous lin ing o f th e  m e m bra n o us  
labyrin th  has been h o llo w e d  o u t o f th e  p e tro us  p a rt o f th e  te m p o ra l 
bone.

Crus osseum

Canalis semicircularis anterior

ossea anterior 

Ampulla ossea lateralis

Canalis semicircularis lateralis

Canalis semicircularis posterior 

Ampulla ossea posterior
Fenestra cochleae

labyrinthi

Basis cochleae 

Fenestra vestibuli

Fig. 10.45 B ony la b y rin th , Labyrin th us  osseus, r ig h t side; lateral 
v ie w ; th e  osseo u s  lin ing o f th e  m e m bra n o us  labyrin th  has been hol
lo w e d  o u t o f th e  p e tro us  p a rt o f th e  te m p o ra l bone.

Crista vestibuli

Recessus ellipticus

Macula cribrosa medi.

Ampulla ossea posterior

Fenestra vestibuli
Recessus sphericus

Lamina spiralis ossea 

vestibuli 

tympani

Lamina modioli

Hamulus laminae spiralis

Lamina spiralis ossea

Fossula fenestrae cochleae

Lamina spiralis secundaria 

Recessus cochlearis 

Crista fenestrae cochleae

Fig. 10.46 B ony la b y rin th , Labyrin th us  osseus, r ig h t side;
ante ro la te ra l v ie w ; cav ities  have been h o llo w e d  out.
The  b ony  labyrin th  co ns is ts  o f th e  V e s tib u lu m , th re e  b ony  sem ic ircu la r 
canals (Canales se m ic ircu la re s  ossei), th e  b ony  cochlea  (Cochlea), and

th e  in terna l a cou s tic  m e a tu s  (M e a tus  a cus ticu s  in te rnus). C ochlea and 
se m ic ircu la r canals o rig ina te  fro m  th e  V e s tib u lu m  w h ic h  co nn e c ts  w ith  
th e  ty m p a n ic  ca v ity  th ro u g h  th e  oval w in d o w .
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Membranous labyrinth

Canalis; Ductus semicircularis posterior 

Canaiis; Ductus semicircularis lateralis 

Ampulla 

Utriculus 

Stapes

Ductus utriculosaccularis

Fenestra cochleae

Canalis; Ductus semicircularis anterior

Saccus endolymphaticus; Ductus endolymphaticus

Dura mater

Sacculus

Ductus reuniens

Helicotrema

Scala vestibuli
Ductus cochlearis 
Scala tympani

Fig. 10.47 M e m b ra n o u s  la b y rin th , Labyrin th us  m em b ran aceu s, 
r ig h t side; long itud ina l se c tion  th ro u g h  th e  p e trous  p a rt o f th e  
te m p o ra l bone ; fro n ta l v ie w , sch e m a tic  d raw ing . [8]
The  m e m bra n o us  labyrin th  co n ta in s  po ta ss iu m  rich and so d iu m  poor 
end o lym ph . A  p e rilym ph a tic  space fille d  w ith  pe rilym ph  separa tes  th e  
m e m bra n o us  labyrin th  fro m  th e  bony labyrin th . A cco rd in g  to  its  fu n c 
tio n , th e  m e m bra n o us  labyrin th  d iv id e s  in to  a v e s tibu la r and coch lea r

co m p a rtm e n t. The  v es tib u la r lab yrin th  inc ludes th e  S accu lus and 
U tricu lus  loca ted in th e  ve s tib u lu m , th e  D uc tus  u tricu losaccu la ris , th e  
th re e  se m ic ircu la r canals, and th e  D uc tus  e nd o lym ph a ticu s  w ith  th e  
Saccus e nd o lym ph a ticu s . The  la tte r is loca ted  on th e  rear s ide  o f th e  
p e tro us  bone and re p re se n ts  an ep idu ra l sac fo r  th e  resorp tio n  o f the  
end o lym ph . The  coch lear la b y rin th  fo rm s  th e  D uc tus  coch lea ris . The 
D uctus  reun iens co nn e c ts  th e  v e s tibu la r and coch lea r labyrin ths.

Nn. ampullares lateralis et anterior

N. saccularis

N. utriculoampullaris

Ductus cochlearis

N. cochlearis

N. vestibularis

N. ampullaris posterior

Ductus semicircularis anterior

Ampulla membranacea anterior

Ampulla membranacea lateralis 

Crus membranaceum commune

Ductus semicircularis posterior

Ductus cochlearis

Ductus endolymphaticus

Ductus semicircularis lateralis

Crus membranaceum simplex

Ampulla membranacea posterior

Sacculus vestibularis

Fig. 10 .48  N . ves tibu lo co ch learis  [V III] and m em b ra n o u s  
lab yrin th , Labyrin th us  m em branaceu s; se m i-sch e m a tic  o ve rv ie w , 
dorsa l v iew .
The m e m bra n o us  labyrin th  inc ludes th e  D uctus  coch lea ris , th e  Saccu
lus, th e  U tricu lus  as w e ll as th e  th re e  m e m bra n o us  se m ic ircu la r canals 
(D uctus  sem ic ircu la res). The la tte r ones c o n n e c t w ith  th e  U tricu lus . A t

th e  b orde r to  th e  U tricu lus , each D uc tus  sem ic ircu la ris  deve lops an 
am pu lla -shaped  d ila tion  (Am pulla  m em branacea). A t  one  end, th e  
su pe rio r and p o s te rio r se m ic ircu la r canal u n ite  to  fo rm  one  co m m on  
canal (Crus co m m un e ). Each am pulla  con ta ins  se nso ry  e p ith e liu m  (Cris
ta  am pu lla ris , n o t show n).
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Inner ear -► Hearing and equ ilib rium

Blood supply and innervation of the membranous labyrinth

Vestibulum

Membrana tympanica

Fig. 10.49 In n e rv a tio n  o f th e  in n er ear, A uris  in tern a , r ig h t side;
long itud ina l se c tion  th ro u gh  th e  p e tro us  p a rt o f th e  te m p o ra l bone; 
fro n ta l v ie w , sch e m a tic  d raw ing . [8]
The  inne r ear is co m po se d  o f th e  c o m p a c t bone  o f th e  p e tro us  bone

su rrou n d in g  th e  bony lab yrin th  (Labyrin thus osseus) and, enc losed  
w ith in  it, th e  m em b ra n o u s  la b y rin th  (Labyrin thus m em branaceus), 
w h ic h  re sem b le s  a sys te m  o f m e m bra n o us  tu b e s .

N. facialis [VII]

N. vestibulocochlearis [VIII]

N. cochlearis

Cochlea

Ductus cochlearis

Tuba auditiva [auditoria]

Canales semicirculares Ductus semicircularis

N. facialis [VII]
N. vestibularis

Meatus acusticus internus

Canalis semicircularis anterior

Vv. aqueductus vestibuli

Ductus
endolymphaticus

A. cochlearis (A. labyrinthi)

V. scalae

A. vestibularis anterior (A.

V. scalae tympani 
N.

V. aqueductus cochleae 
spiralis modioli

Vv. labyrinthi

Area cochleae

Fig. 10.50 B lood supply  and in n erva tio n  o f th e  in ner ear, A uris  
in tern a , o f th e  r ig h t side; m edia l v ie w , (accord ing  to  [2])
The  b ranches o f th e  A. lab yrin th i (-► Fig. 12.96) p rov ide  th e  co m p le te  
b lood  su pp ly  to  th e  inn e r ear; th e  Vv. labyrin th i drain  th e  venous b lood.

A. and V. in fe rio r a n te rio r ce rebe lli p ro je c t in to  th e  in terna l a cou s tic  m e 
a tus  fo r  a fe w  m illim e te rs  (no t sh ow n ) b e fo re  th e  A . and Vv. labyrin th i 
branch o ff  to  p rov ide  b lood  supp ly  to  th e  labyrin th  (caveat: th e  A . laby
rin th i is a te rm ina l artery).

i- Clinical Rem arks--------------------------------------
B eing a te rm ina l a rte ry , th ro m b o tic  occlusion o f th e  A . labyrin th i
o r its  co n tr ib u tin g  b ranches causes a loss o f balance and hearing 
im pa irm en t.
A tta c k s  o f ve rtig o , unila te ra l hearing loss, and un ila te ra l t in n itu s  con 
s titu te  th e  triad  o f s y m p to m s  charac te ris ing  M E N IE R E 's  disease.

Its e tio lo g y  is n o t clear, b u t a hyd rop ic  sw e llin g  o f th e  m em branous  
labyrin th  due to  im pa ired  resorp tio n  o f e nd o lym ph  (cochlear hy
drops) is d iscussed . The  p ressu re  im posed  by th e  increased  vo lu m e  
o f end o lym ph  dam ages th e  se nso ry  ce lls  o f th e  ve s tibu lo coch lea r 
sys te m .
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Cochlea

Helicotrema

Modiolus cochleae

Scala vestibuli

Ductus cochlearis

Scala tympani

Fig. 10.51 S p ira l canal o f th e  coch lea. C ochlea; cross-section;
sch e m a tic  d raw ing . [8]
The R EISSN ER's m e m bra n e  and th e  basila r m e m bra n e  d iv ide  th e  Ca-
nalis sp ira lis  coch leae  in to  th re e  spaces:
•  The Scala  v es tib u li s tre tc h e s  fro m  th e  V e s tib u lu m  to  th e  H e lico tre 

m a and is fille d  w ith  pe rilym ph .
•  The D uctus  cochlearis  is fille d  w ith  endo lym ph .
•  The Scala  ty m p a n i e x te n ds  fro m  th e  H e lico trem a  to  th e  round 

w in d o w  in th e  m ed ia l w a ll o f th e  ty m p a n ic  ca v ity  and is f il le d  w ith  
pe rilym ph . Scala v e s tib u li and Scala tym p a n i jo in  a t th e  h e lico trem a.

Modiolus cochleae 

Scala vestibuli

Lamina spiralis N. cochlearis

Membrana vestibuli*

Lig. spirale

Fig. 10.52 S p ira l canal o f th e  cochlea, C ochlea; c ross-section  
th ro u g h  a tu rn  o f th e  O rganum  sp ira le ; sch e m a tic  d raw ing . [8]
The  basila r m e m bra n e  (Lam ina basilaris) fo rm s  th e  base o f th e  D uctus  
coch lea ris  and su p p o rts  th e  coch lea r organ (Organ o f CORTI o r C O R TI's 
organ). The  Stria vascu la ris  a t th e  lateral b ony  w a ll o f th e  C ochlea pro
duces th e  endo lym ph .

* R EISSN ER's m em brane

Lamina basilaris

Organum spirale

Inner hair cells

Interdental cells

Scala tympani '  Lamina spiralis ossea

Basal lamina

BOETTCHER’S 
cells 

Tympanic 
amorphous 
substance

Epithelium of the Scala tympani

Scala tympani

Fig. 10.53 O rg a n u m  sp ira le  (O rgan  o f CORTI); sch e m a tic  d raw ing . 
[24]
Th is  is a s im p lifie d  p rese n ta tio n  o f th e  co m p le x  a ffe re n t and e ffe re n t 
inne rva tion  o f th e  hair ce lls .

The  o rgan o f CORTI re p re se n ts  th e  actua l coch lea r o rgan. C och lear 
se nso ry  ce lls  (hair ce lls) to g e th e r w ith  d if fe re n t su pp o rtin g  ce ll typ e s  
re s t on th e  basila r m e m bra n e  and a ge la tin ou s  m e m brane  (M em brana  
tec to ria ) covers  th e ir  apical ce ll su rface . The  organ o f CORTI s tre tch e s  
a long th e  w h o le  len g th  o f th e  D uc tus  cochlearis .

i- Clinical Rem arks-----------------------------------------------------------------------------------------------------------
T in n itu s  is fre q u e n tly  th e  co nse q u en ce  o f dam age to  th e  hair ce lls , o r T in n itu s  fo r  s h o rt (" r in g in g  o f th e  e a rs "), is a s y m p to m  w h e re  the
e.g. a fte r  expo su re  to  loud m u s ic  o r an exp los ion . T in n itu s  aurium , a ffe c te d  ind iv idua l p e rce ives  sounds in th e  absence  o f real sounds.
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Mechanoelectrical sound conduction and equilibrium (balance) organ

Scala vestibuli

Meatus acusticus externus

N. vestibulocochlearis [VIII]

Ductus cochlearis

Membrana tympanica

Fenestra
Scala tympani

Organum spirale

Fig. 10 .54  M e ch an o e lec trica l sound c ond uction . [8 ]

S ound p ropagates  by  sound  w a ve s  w h ic h  reach th e  o u te r ear (auricle 
and ex te rna l a cou s tic  m eatus) and are tra n s m itte d  by th e  tym p a n ic  
m e m brane  and th e  chain o f aud ito ry  oss ic le s  th ro u gh  th e  base o f th e  
S tapes to  th e  perilym ph . V ib ra tio n s  at th e  oval w in d o w  in itia te  m o ve 
m e n ts  o f pe rilym ph  causing  m ig ra tin g  w a v e s  runn ing  a long th e  w a lls

o f th e  D uctus  coch lea ris  (particu la rly  th e  basilar m em brane ). These 
w a ve s  cause  a d e fle c tio n  o f th e  basila r m e m bra n e  and th e  organ o f 
CORTI. C onsequen tly , s te reoc ilia  o f th e  inn e r hair ce lls  d e fle c t. The 
se nso ry  ce lls  tra n sd uce  th is  b io m e ch an ic  e ve n t in to  a re ce p to r p o te n 
tia l (m echanoe lec trica l transduction ).

Ampulla of the semicircular 
duct

Perilymphatic space

Fig. 10 .55  S tru c tu re  o f th e  C rista am p u lla ris . (accord ing  to  [25]) 
The v e s tib u la r labyrin th  is fille d  w ith  end o lym ph  and co ns is ts  o f the  
S acculus (M acula  sacculi -  ve rtica l linear accele ra tion ), U tricu lus  (M a
cu la u tricu li -  horizon ta l linear accele ra tion ), and th e  th re e  sem icircu lar  
canals  (C ristae am pu lla res  w ith  th e ir  C upu lae  -  ro ta tiona l accelera tion).

The  se nso ry  ce lls  o f th e  v e s tibu la r organ p ossess a long k inoc ilium  and 
s te reoc ilia  w h ic h  e x te n d  in to  a ge la tin ou s  substance  (Cupula). M o ve 
m e n ts  o f th e  C upula re su lt in th e  d e fle c tio n  o f th e s e  ce llu la r p rocesses 
on th e  su rface  o f th e  se nso ry  ce lls . Th is  p re se n ts  a s tim u lu s  fo r  th e  
syn ap tic  ac tiva tion  o f a ffe re n t fib re s  o f th e  N. ves tibu la ris .

P Clinical Rem arks--------------------------------------
L a b y rin th itis  w ith  d yseq u ilib riu m  and /o r d izziness, nys tagm us, nau
sea, and a nx ie ty  can a ccom pany ch o le s te a to m a  (d es truc tive  and 
expand ing  g ro w th  o f ke ra tin is ing  squam ous  e p ith e liu m  d is lodged  
fro m  th e  o u te r s ide  o f th e  ty m p a n ic  m e m bra n e  in to  th e  m idd le  ear 
w ith  ch ron ic  pu trid  in fla m m a tio n  o f th e  m idd le  ear), a cu te  o tit is  m e 
dia, m a s to id itis , and traum a  to  th e  sku ll. E n try  p o rts  fo r  in fec tio u s

age n ts  are th e  round and oval w in d o w , b reaches in th e  b ony  laby
rin th  (caused by  traum a  and bone  e ros ion  due  to  in fe c te d  p neum a tic  
spaces), o r  a scend ing  in fla m m a tio n  o f th e  m e n in g es  by  nerves and 
vesse ls , C ana licu lus cochleae, o r C ana licu lus ve s tibu li. The re su lt is 
sen sorineura l hearing  im p a irm e n t w ith  hearing loss and d es tru c 
tion  o f th e  v e s tibu la r organ.
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Hearing and equilibrium

N. cochlearis 

Corpus geniculatum mediale 

Colliculus inferior 

Nucleus lemnisci lateralis 

Nuclei cochleares 

Nuclei olivares 

Nucleus corporis trapezoidei

Fig. 10 .56  H earing .
P rim ary nucle i (purple): N ucle i coch lea ris  an te 
rio res and p os te rio re s ; o th e r nuc le i (b row n): 
upper o liva ry  co m p le x , N ucle i lem n isc i, Colli- 
cu li in fe rio re s , Corpora gen icu la ta  m edia lia . 
The  neuronal n e tw o rk  o f p rim a ry  and secon 
dary g roups o f nuc le i c o n s titu te s  th e  aud ito ry  
p a th w a y  and is sh ow n  in -» F igure 10.58. The 
chain o f  a ud ito ry  o ss ic les  a m p lifie s  th e  a m pli
tu d e  o f th e  sound  w a v e s  physica lly.

Nuclei nervi oculomotorii

Nucleus nervi trochlearis

Fasciculus longitudinalis 
medialis

Nucleus nervi abducentis

Fig. 10.57 C ontro l o f e q u ilib riu m  and  
s tab ilisa tio n  o f th e  visual fie ld .
A ffe re n t fib res  o rig ina te  in th e  m u sc le s  o f th e  
eye, th e  equ ilib rium  organ, and th e  m u sc les  o f 
th e  neck; e ffe re n t fib res  m o du la te  th e  m u s 
c les  o f th e  eye  and th e  body. The ce reb e llu m  
plays a p re d o m in a n t ro le  in th is  coord ina tion .

Nuclei vestibuläres

Nucleus gracilis

Nucleus cuneatus

(Nucleus centralis 
columnae posterions)

(Nuclei cornus anterioris 
musculorum colli)

Cerebellum

i- Clinical Rem arks--------------------------------------
O b je c tive ly  assess ing  a p a tie n t's  v ertig o  and loca lis ing  th e  lesion 
w ith in  th e  v e s tibu la r sy s te m  requ ires  te s tin g  o f th e  equ ilib rium  
(balance) sy s te m  as an im p o rta n t part o f a physica l exam . C om 
m o n ly  used te s ts  are th e  R O M B ER G 's te s t  (P a tien t s tands u p rig h t 
w ith  fe e t to g e th e r, eyes c losed , and a rm s s tre tc h e d  fo rw a rd ) and 
th e  U NTERB ER G ER 's s tep p in g  te s t (P a tien t is asked  to  w a lk  on 
th e  s p o t w ith  eyes closed) w h e n  assess ing  th e  b od y 's  sense  o f 
p os itio n in g  o r a te n d e n c y  to  fa ll fo r  th a t m a tte r. A n o th e r m e th o d  is 
th e  n ys ta g m us te s t (nys tagm us = invo lu n ta ry  rapid  eye m o vem e n ts ) 
us ing  FR EN ZEL's lenses (FR EN ZEL's g lasses). Rapid shaking  o f th e

p a tie n t's  head p rovokes  a n ys ta g m us. Th is  te s t is p e rfo rm e d  w ith  
th e  p a tie n t ho ld ing  th e  head in d if fe re n t pos itions . Th is  exam ina tion  
w ill a lso reval any la te n t n ys ta g m us. A  caloric  nys tag m u s  te s t  ex
a m in e s  th e  responses by  th e  labyrin th  on one  side . The  p a tie n t is ly
ing in a sup ine  pos itio n  (e leva ted head) in a room  w ith  d im m e d  ligh t 
and th e  ear on  each s ide  is irriga ted  w ith  co ld  and w a rm  w a te r. Cold 
w a te r  w ill in itia te  a phys io log ica l n ys ta g m us to  th e  o pp o s ite  side, 
w h e re a s  w a rm  w a te r  w ill s tim u la te  a n ys ta g m us to  th e  sam e s ide  o f 
th e  labyrin th  te s te d . A  reduced  o r lacking n ys ta g m us is patholog ica l 
and su gg e s ts  a periphera l fu n c tio na l im pa irm en t.
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Inner ear -► Hearing and equ ilib rium

Auditory pathway

Nucleus cochlearis anterior

Radiatio acustica

Corpus geniculatum 
mediale

Colliculus inferior

Nucleus lemnisci lateralis

Lemniscus lateralis

Nucleus olivaris superior 

Nucleus cochlearis posterior 

N. vestibulocochlearis [VIII]

Cochlea

Fig. 10 .58  A u d ito ry  p a th w a y ; overv iew .
The fu n c tio n  o f th e  ascend ing  a ud ito ry  p a th w a y  is to  tra n s m it a coustic
s igna ls  to  th e  brain, to  p rocess th is  in fo rm a tio n  cen tra lly , and to  crea te
an a cou s tic  aw areness.
1. neuron: b ip o lar cells in th e  G ang lio n  sp ira le  cochleae
•  A fte r  e x iting  th e  sm a ll a pe rtu re s  o f th e  T rac tus  sp ira lis  fo ra m in o 

sus d ee p  w ith in  th e  in terna l a cou s tic  m ea tus , th e  fib re s  fo rm  th e  N. 
coch lea ris  un ite  w ith  th e  N. ves tibu la ris  a t th e  flo o r  o f th e  interna l 
a cou s tic  m e a tu s  to  fo rm  th e  N. ve s tibu lo coch lea ris  [V III].

•  F ibres fro m  th e  basal coch lea r part tra ve rse  to  th e  N uc leus coch lea 
ris p o s te rio r and th o s e  fro m  th e  apical parts  te rm in a te  in th e  N ucleus 
coch lea ris  an te rio r.

2. neuron: m u ltip o la r  cells o f th e  N ucle i cochleares
•  The fib re s  fro m  th e  N uc leus coch lea ris  an te rio r pass m a in ly  to  the  

o liva ry  co m p le x  on th e  sam e o r o p p o s ite  s ide.

•  A p a rt o f th e  fib re s  c rosses to  th e  o pp o s ite  s ide  and, w ith o u t syn- 
aps ing , run in th e  Lem n iscus  la te ra lis  to  th e  C o llicu lus  in ferio r.

•  F ib res th a t reach th e  o liva ry  c o m p le x  on th e  sam e side , e ith e r as
cend  to  th e  N ucleus lem n isc i latera lis, synapse, c ross  to  th e  oppos i
te  s ide , synapse  again, and th e n  reach th e  C o llicu lus  in fe rio r o r th e y  
ascend  d ire c tly  in th e  Lem n iscus  la tera lis to  reach th e  C ollicu lus 
in ferio r.

3. or 4. neuron: From  th e  C o llicu lus  in fe rio r co nn e c tio ns  are m ade  to  
th e  C orpus g en icu la tu m  m edia le .
4. or 5 . neuron: The a cou s tic  rad ia tion  (Radiatio  acustica) co nn e c ts  th e  
C orpus gen icu la tu m  m edia le  w ith  th e  tra n sve rse  te m p o ra l H ESCH L's 
gyri o r co nvo lu tion s  and th e  W ER N IC KE'S  c e n tre  in th e  te m p o ra l lobe.
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Equilibrium (balance) pathway

Ear O verview  -► ... -*• Hearing and equ ilib rium

Fasciculus longitudinalis medialis
Nucleus nervi oculomotorii 
Nucleus nervi trochlearis

Cerebellum, via Pedunculus cerebellaris inferior

Nucleus vestibularis superior****

Nucleus vestibularis lateralis***

N. vestibulocochlearis [VIII]

Nucleus vestibularis inferior** 

Nucleus vestibularis medialis*

Nucleus nervi abducentis

Tractus vestibulocerebellaris

Fig. 10 .59  E qu ilib rium  (balance) p a th w a y ; o ve rv ie w .
The e qu ilib rium  (balance) p a th w a y  co o rd in a tes  eye m o v e m e n ts  and
m o v e m e n ts  o f th e  to rso , neck, and e x tre m itie s .
1. neuron:
•  The a ffe re n t fib re s  o f th e  G anglion ve s tibu la re  m a in ly  p ro je c t in to  

th e  N uc leus ves tibu la ris  m ed ia lis  (S C H W A LB E 's  nucleus), th e  Nu
c leus ve s tibu la ris  su pe rio r (nuc leus o f BEKHTEREV), and th e  Nu
c leus ves tibu la ris  in fe rio r (ROLLER'S nucleus).

•  A ffe re n t fib re s  o f th e  C ristae am pu lla res  o f th e  se m ic ircu la r canals 
m a in ly  co u rse  to  th e  nuc leus o f BEKHTEREV and S C H W A LB E 's  nu
c leus as w e ll as in to  th e  ve s tib u lo ce re b e llu m  via th e  d ire c t sensory  
ce rebe lla r pathw ay.

•  A ffe re n t f ib re s  o f th e  U tricu lus  p ro je c t in to  th e  m ed ia l v e s tib u la r nu
c leus , a ffe re n t fib re s  o f th e  S accu lus p ro je c t in to  th e  latera l ve s tib u 
lar nucleus.

•  The latera l v e s tibu la r nuc leus (DEITERS' nucleus) a lso rece ives  co l
latera l f ib re s  fro m  th e  v e s tibu la r p a th w a ys  and, in particu la r, co nn e c
tio n s  fro m  th e  C erebe llum .

2. neuron: fro m  th e  v e s tibu la r nucle i e ffe re n t fib re s  p ro je c t
•  to  th e  C erebe llum  (Tractus ve s tibu locerebe lla ris )
•  to  th e  sp ina l co rd  (Tractus ve s tibu losp ina lis )
•  to  th e  nucle i co n tro llin g  th e  ex traocu la r m u sc le s  (Fascicu lus lon g itu 

d ina lis  m edia lis)
•  to  th e  Tha lam us (via th e  T rac tus  v e s tibu lo th a la m icu s  to  th e  N ucleus

ve n tra lis  p os te rio r in fe rio r and fro m  th e re  via th e  R adiatio  tha lam i to  
th e  G yrus postcen tra lis )

S C H W A LB E 's  nucleus 
* *  ROLLER'S nucleus 
* * *  D E IT E R S 'n uc le u s  
* * * *  nuc leus o f BEKHTEREV
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The Neck -  
Seamless Connectivity
Boundaries

The boundaries  o f th e  neck (C ollum /C erv ix) to w a rd s  th e  head, trunk, 
and sh ou ld e r g ird le  are d iffu se . Fish have no necks; th e ir  heads adjoin 
to  th e  tru n k  and sh ou ld e r g ird le . T e rres tria l an im a ls  p ossess necks, 
h o w e ve r, th e  neck is n o t a fu n d am e n ta l n ove lty , ra the r th e  head-trunk- 
boundary  w a s  s tre tc h e d  o r p ro trac ted , so  to  speak. Th is  exp la ins  m any 
fe a tu re s  such  as th e  fa c t th a t cranial nerves p a rtic ipa te  in th e  innerva 
tio n  o f th e  sh ou ld e r m u sc le s  and th a t th e  arm  is inne rva ted  by  nerves 
w h ich  e m e rg e  fro m  th e  cerv ica l ve rteb ra l co lum n  (see be low ).

If n o t th e  s o ft t is s u e s  b u t th e  b ony  s tru c tu re s  are used to  d e te rm in e  
th e  boundaries  o f th e  neck, th e  upper borders o f th e  neck are d e fin e d  
by  th e  m and ib le  and occ ip ita l bone and th e  lo w e r bo rde rs  by  th e  c lavi
c le  and su pe rio r m arg in  o f th e  Scapula. T o w a rd s  th e  ce n tre  o f th e  
chest, th e  n eck  tra n s itio n s  in to  th e  th o ra c ic  a pe rtu re  (i.e. th ro u gh  th e  
b ony  ring co m pris ing  o f th e  f ir s t  rib, th e  f ir s t  th o ra c ic  ve rteb ra , and 
S te rnum ) in to  th e  m e d ia s tin u m  o f th e  thorax.

Nape

If one  to u ch e s  th e  back o f th e  neck, th e  nape (R egio ce rv ica lis  p os te ri
or), one  pa lpa tes a lm o s t n o th in g  b u t m usc les : b e lo w  th e  th in  m uscu la r 
layers o f th e  M . trapez ius  on both  s ides  o f th e  ve rteb ra l co lu m n  th e  
p o w e rfu l s trands o f  th e  a u to ch th o n o u s  (in trinsic) back m u sc le s  (-*  p. 
76, vo l. 1) are loca ted. They ac t as m u sc le s  o f th e  neck and in se rt a t th e  
base o f th e  o cc ip u t. The  sp inous p rocesses o f th e  upp e r s ix  cerv ica l 
ve rte b ra e  (V ertebrae cerv ica les) ca nn o t be pa lpa ted  as th e y  lie b e lo w  a 
dense  sag itta l te n d o n  shea th , th e  nucha l lig a m en t (Lig. nuchae). H o w 
ever, th e  sp in o u s  p rocess  o f th e  7th cerv ica l ve rte b ra  is v is ib le  and pal
pable, hence  its  nam e  V erteb ra  p rom inens .

A n te rio r Cervical Region

If one  app lied  th e  sam e  fo rc e  to  g rab th e  an te rio r cerv ica l reg ion  (Regio 
ce rv ica lis  a n te rio r =  T rigonum  co lli an te rius) as is p oss ib le  fo r  th e  nape, 
th is  w o u ld  re su lt in ve ry  unp leasan t and pa in fu l sensa tions. A s  m uch  as 
m u sc le s  d e te rm in e  th e  appearance o f th e  nape, s e n s itive  organs such 
as th e  v iscera  o f th e  m e d ia s tin um  e x te n d  in to  th e  a n te rio r a spe c t o f th e  
neck. The  latera l bo rde rs  o f th e  a n te rio r cerv ica l region  are m arked  by 
b o th  th e  M m . s te rn o c le id o m a s to id e i w h ich  tu rn  th e  head. Turn ing  th e  
head to  e ith e r s ide  causes th e  s lim , ac tive ly  fle x e d  m u sc le  b e lly  o f th e  
M . s te rn o c le id o m a s to id e u s  o f th e  o pp o s ite  s ide  to  p ro trude .

The  ju g u la r fossa (Fossa jugu laris) is loca ted  a t th e  base o f th e  an te rio r 
cerv ica l reg ion  b e tw e e n  th e  c lav ic les  and im m e d ia te ly  above th e  S te r
num . A p p ly in g  p ressu re  w ith  o n e 's  fin g e r d ire c tly  a t th e  jug u la r fossa  
co m pre sse s  th e  T rachea and causes a fe e lin g  o f  being  s trang led . The 
O esophagus is loca ted  p os te rio rly  to  th e  trachea  and e x te n ds  to w a rd s  
th e  Larynx. The  O esophagus is im pa lpab le , b u t one  fe e ls  its p os te rio r 
p ro x im ity  to  th e  Trachea w h e n  s w a llo w in g  an o v e rly  large and hard- 
edged  bolus. The  bo lus  p resses  ve n tra lly  on th e  Trachea, s ince  th e  ex
te n s ib ility  o f th e  O esophagus is lim ite d  dorsa lly  by  th e  p ro x im ity  o f th e  
O esophagus to  th e  ce rv ica l ve rteb ra l co lum n .

P alpating a long th e  T rachea fro m  th e  jug u la r fossa  to w a rd s  th e  head, 
one  reaches th e  ske le to n  o f th e  Larynx; in m en , th e  A d a m 's  apple 
(P rom inen tia  laryngea) p ro je c ts  p rom in e n tly . A t  a bo u t th e  leve l o f th e  
A d a m 's  apple, th e  Larynx separa tes  th e  a irw ays (anterior) and th e  ali

m e n ta ry  passage (dorsal). The Larynx is ve ry  m ob ile , and is he ld  o n ly  by 
m u sc le  loops. W h e n  s w a llo w in g , it m o ves  cran ia lly  by  as m uch  as one 
e n tire  ce rv ica l ve rteb ra . The th y ro id  g land (G landula thyro idea), loca ted  
n e x t to  th e  T rachea and th e  lo w e r part o f th e  Larynx, co ns is ts  o f tw o  
large r ig h t and le f t lobes, w h ic h  are hard ly  palpable  -  e x ce p t in case o f 
a go itre , an abnorm a l e n la rg e m e n t o f th e  th y ro id  gland.

The ca v ity  loca ted  cran ia lly  to  th e  Larynx is nam ed th e  Pharynx. A ir
w a ys  and a lim e n ta ry  passage cross  a t th is  po in t. M o u th  and nasal cav
itie s  a lso open in to  th e  Pharynx. P ressing  th e  th u m b  and index fin g e r 
on bo th  s ides  o f th e  Larynx and m ov ing  th e m  upw a rd  a long th e  s ide  o f 
th e  neck to w a rd s  th e  m a nd ib le  w h ile  app ly ing  p ressu re  causes m a jo r 
d is c o m fo rt. Th is  area is re fe rred  to  as th e  Trig onu m  c aro tic u m , w h e re  
th e  pu lse  o f th e  co m m o n  ca ro tid  a rte ry , A . ca ro tis  c o m m u n is , is pal
pab le  ve ry  easily. Th is  is w h e re  th e  co m m o n  ca ro tid  a rte ry  d iv ides  in to  
its  tw o  te rm ina l b ranches, th e  A . ca ro tis  ex te rna  and th e  A. ca ro tis  in
te rna . If one  s lig h tly  increases th e  ex te rna l p ressure , a bone  is palpable 
in th is  reg ion : th e  g rea te r horn o f th e  hyoid  bone  (Os h yo ideum ). Pro
v ided  one  has th e  courage  to  s w a llo w  w h ile  app ly ing  p ressu re , one 
n o tice s  th e  upw a rd  m o v e m e n t o f th e  hyoid  bone and Larynx. In fa c t, 
th e  hyoid  bone is a " te n s io n  ro d " o f th e  Larynx, w h e re  so m e  pha rynge 
al m u sc le s  a ttach  and engage w h e n  sw a llo w in g . W ith  fu r th e r  increased 
firm  p ressu re  th e  A. ca ro tis  is p ressed  a ga ins t th e  hyoid  bone (and th e  
th y ro id  cartilage) -  w h ic h  can re su lt in fa in tin g  (syncope) -  o r  th e  hyoid 
bone can fra c tu re , and in th is  case th e  b lock ing  o f th e  passage to  th e  
Larynx leads to  s u ffo ca tio n . T h e re fo re  m edica l exam ine rs  investiga te  
th e  hyoid  bone m e ticu lo u s ly  in d o u b tfu l causes o f death.

Enshea thed  in a co m m o n  fasc ia  (Vagina carotica), th e  A. ca ro tis  co m 
m un is , th e  V. jugu la ris  in te rna , and th e  N. vagus [X] descend  b ila te ra lly  
a long th e  co n tin u u m  o f th e  Trachea, th e  O esophagus, th e  Larynx, and 
th e  Pharynx. The  A. ca ro tis  c o m m u n is  arises fro m  th e  a o rtic  arch on  th e  
le ft-hand  s ide  o r th e  T runcus b rach iocepha licus  on th e  righ t-hand  side . 
The V. jug u la ris  in te rna  co lle c ts  b lood  fro m  th e  intracran ia l s inuses and 
th e  v isce ro c ra n iu m . The  N. vagus [X], a cranial nerve , desce n d s  to 
w a rd s  th e  m e d ia s tin um  and in to  th e  a bdom ina l cavity. In th e  lo w e r part 
o f th e  a n te rio r cerv ica l region  and in c lose  p ro x im ity  to  th e  c lav ic le  the  
M . s te rn o c le id o m a s to id e u s  large ly ove rlies  th is  neurovascu la r bund le.

The Lateral Cervical Region

The latera l cerv ica l region  (R egio ce rv ica lis  la tera lis =  T rigonum  co lli la- 
te ra le ) is co n fin e d  cauda lly  by  th e  c lav ic le  (C lavicula), m ed ia lly  by th e  M . 
s te rn o c le id o m a s to id e u s  and dorsa lly  by th e  M . trapezius. The  broad ly 
d e fin e d  inne r space  o f th e  T rigonum  e x te n ds  -  w ith o u t sharp m arg ins 
-  under th e  c lav ic le  and in to  th e  a rm p it (Axilla). The T rigonum  co lli late- 
rale co n ta in s  th e  large neura l p a th w a ys  desce n d in g  s te e p ly  fro m  th e  
cerv ica l v e rte b ra l co lu m n  to  th e  arm . M o s t nerves supp ly ing  th e  arm  
(P lexus brachia lis) e m e rg e  fro m  th e  ce rv ica l ve rteb ra l co lu m n . The  Tri
g onum  a lso enco m p a sses  th e  g rea t ve sse ls  o f th e  arm  ( A W  subcla- 
via), w h ic h  co m e  fro m  th e  m e d ia s tin um , th ro u gh  th e  su pe rio r tho rac ic  
ape rtu re , and descend  beh ind  th e  c lav ic le  f irs t in to  th e  T rigonum  and 
th e n  in to  th e  A xilla . There  is hard ly  a ny th ing  palpable, n o t even th e  
pu lse  o f th e  A. subclavia, because it lies deep  in th e  T rigonum , s ligh tly  
beh ind  th e  c lav ic le . There  is a lso hard ly  a ny th ing  v is ib le  as in a s lim  
neck th e  skin  covering  th e  T rigonum  o ve r th e  c lav ic le  fo rm s  th e  Fossa 
suprac lav icu laris  m a jo r. S o m e tim e s , th e  large cu taneous  ve in  o f th e  
neck, th e  V. jugu la ris  ex te rna, is v is ib le  th ro u g h  th e  sk in ; if one gri
m aces, th e  g rea t ce rv ica l cu taneous  m u sc le  (P latysm a) s tre tc h e s  the  
th in  sk in  o f th e  neck.
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—► D i s s e c t i o n  L i n k

D issection o f th e  neck fro m  ven tra l: A fte r  expos ing  and re fle c tin g  th e  
P latysm a supe rio rly , th e  ep ifasc ia l nerves o f th e  P lexus ce rv ica lis  are 
d em o n s tra te d . S ubsequen tly , th e  superfic ia l fasc ia  o f th e  neck is re
m oved , fo llo w e d  by  d isse c tio n  o f  th e  M . s te rn o c le id o m a s to id e u s , th e  
an te rio r b o rde r o f  th e  M . trapez ius  and th e  N. a ccesso rius  [XI] in th e  
lateral triang le  o f th e  neck. Upon rem ova l o f th e  m idd le  fasc ia  o f th e  
neck and exposu re  o f th e  in frahyo id  m usc les , th e  Vagina carotica  is 
exposed  to g e th e r w ith  th e  Aa. ca ro tides  co m m un is , ex te rna  and in te r
na, th e  V. jug u la ris  in terna , and th e  N. vagus [X]. The  M . s te rn o c le id o 
m a s to id e u s  is severed  a t th e  c lav ic le  and d e fle c te d  superio rly . The  bila
te ra l exa rticu la tion  o f th e  c lav ic le  is fo llo w e d  by th e  co m p le te  
re p re se n ta tion  o f th e  in frahyo id  m u sc le s  w ith  Ansa ce rv ica lis , by  th e  
d e ta ch m e n t o f th e  in frahyo id  m u sc le s  w h ic h  in se rt a t th e  S te rnum , th e  
v isua lisa tion  o f th e  th y ro id  g land and its  ve n tra l b lood  supp ly  as w e ll as 
th e  d isse c tio n  o f  th e  large ve sse ls  b e tw e e n  head and arm , and o f M m . 
sca len i, P lexus brachia lis, N. ph ren icus, G landula subm and ibu la ris  and 
its  a d jacen t ve sse ls , and th e  Larynx fro m  ve n tra l and lateral. S ubse
quen tly , a fte r  th e  p rese n ta tio n  o f th e  s y m p a th e tic  tru n k  on  th e  cerv ica l 
ve rteb ra l co lu m n , th e  head is exarticu la ted  a t th e  a tlan to -occ ip ita l jo in t 
o f th e  cerv ica l ve rteb ra l co lu m n  and, to g e th e r w ith  a ttached  cervica l 
s tru c tu re s , rem oved  fro m  th e  to rso . A fte r  p repara tion  o f th e  Pharynx 
fro m  th e  dorsa l s ide  and illu s tra tion  o f th e  cerebra l nerves, th e  Pharynx 
is o pened  dorsa lly  in th e  m edian  line. Th is  is fo llo w e d  by th e  d isse c tio n  
o f th e  Larynx fro m  th e  dorsa l s ide  w ith  a p rese n ta tio n  o f th e  vocal fo ld s  
and th e  laryngeal m usc les . Finally, th e  ve n tra l a spe c t o f th e  Larynx is 
d issected .

e x a m  : h e c k  l i s t
• D e v e lo p m e n t o f  th e  th y r o id  g la n d  (D u c tu s  th y ro g lo s s a lis ) ,  th e  
p a ra th y ro id  g la n d , L a ry n x , a nd  P h a ry n x  • n eck  fa s c ia e , Fascia  
b u c c o p h a ry n g e a  • in f ra h y o id  m u s c le s , n eck  m u s c le s  (P la ty s m a , 
M m . s te rn o c le id o m a s to id e u s , tra p e z iu s , s c a le n i), p re v e r te b ra l 
m u s c le s , s h o r t  n eck  m u s c le s  • v e r te b ra l t r ia n g le  • P h a ry n x  • 
c e rv ic a l s e c tio n  o f  th e  O e s o p h a g u s  • la ry n x  • c e rv ic a l s e c tio n  o f  
th e  T ra ch ea  • th y ro id  g la n d , e p ith e lia l b o d ie s  • G lo m u s  c a ro t ic u m
• N n. c ra n ia le s  (N n . g lo s s o p h a ry n g e u s  [IX ], v a g u s  [X ], a c c e s s o r iu s  
[X I],  h y p o g lo s s u s  [X II]) , c e rv ic a l n e rv e s  (Rr. d o rs a le s , Rr. v e n tra le s , 
P le x u s  c e rv ic a lis )  • a u to n o m ic  in n e rv a t io n  (S y m p a th ic u s , P ara- 
s y m p a th ic u s )  o f  v e s s e ls  • A . c a ro t is  c o m m u n is ,  A . c a ro t is  in te rn a , 
A . c a ro t is  e x te rn a , V. ju g u la r is  in te rn a , A n g u lu s  v e n o s u s  • 
s u p e r f ic ia l a nd  d e e p  c e rv ic a l ly m p h  n o d e s , c o n f lu e n c e  o f  m a jo r  
ly m p h a t ic  c o lle c to r  s y s te m s  • s u rfa c e  a n a to m y  o f  th e  n eck  • 
S p a tiu m  p e r ip h a ry n g e u m  • re g io n s  o f  th e  n eck  • im a g in g  te c h 
n iq u e s

Clinical Rem arks-----------------------------------
N eck in juries  are usually dangerous because the  n eck  acts  as 
co nd u it b e tw e e n  head and to rso . W ith  th e  excep tion  o f th e  cer
vical pa rt o f the  ve rteb ra l co lum n , all im p o rta n t s o ft s tru c tu re s  
o f th e  neck are easily  accessib le , inc lud ing  m a jo r b lood vesse ls , 
nerves, Trachea, and O esophagus.
The neck conta ins  a pp rox im a te ly  200 to  3 00  lym ph  nodes w h ich  
rece ive  lym ph  flu id  fro m  th e  e n tire  head and partia lly  a lso fro m  the  
to rso . T u m o urs  o f th e  head can m e tas tas ise  to  th e  cerv ica l lym ph 
nodes. D ue to  th e ir  exposed loca tion , sw e llin g  o f th e se  lym ph 
nodes can be a m ore  obv ious  s ign  than th e  p rim ary  tu m o u r itse lf. 
A lso , the  large num b e r o f lym ph  nodes in the  neck is th e  reason w h y  
genera lised  diseases o f th e  lym p h atic  system , like HODGKIN 'S 
d isease, o fte n  b eco m e  sym p to m a tic  in th e  neck region firs t. 
D iseases a ffe c tin g  th e  th y ro id  g land can usua lly  be sp o tte d  easily. 
The neck and its  v iscera  are a lso im po rta n t fo r  th e  phys ic ian. The 
b lood vesse ls  can be used fo r  venous p unc tu re  o r as an access 
ro u te , th e  a na e s th e tis t inse rts  the  in tuba tion  tube  th ro u gh  the  
nose o r m ou th , th roa t, and Larynx in to  th e  Trachea.
The Larynx rep resen ts  th e  t ig h te s t na rrow ing  o f all the  a irw ays. 
D iseases o f th e  Larynx o r th e  asp ira tion  o f fo re ign  bod ies co in 
c ide  w ith  sh o rtn ess  o f b reath and in seve re  cases th is  can require  
a tra ch e o to m y  o r an em erg e n cy  con io tom y.
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Regions of the neck

Neck Muscles -► Pharynx -► Larynx

Trigonum submandibulare

M. digastricus, Venter anterior 

Trigonum submentale

Os hyoideum

Trigonum musculare

M. omohyoideus, Venter

M. sternocleidomastoideus

Trigonum caroticum

Trigonum cervicale posterius

M. trapezius

M. stylohyoideus

M. digastricus, Venter posterior

Fig. 11.1 A n te rio r  and la te ra l reg ions  o f th e  neck; R eg iones  
cerv icales a n te rio r e t la te ra lis , le ft side; la tera l v iew . [8]
B oundaries  o f th e  a n te rio r tr ia n g le  o f th e  neck (R egio ce rv ica lis  an te 
rior [T rigonum  cerv ica le  an te rius]) are th e  lo w e r rim  o f th e  m and ib le , 
th e  an te rio r rim  o f th e  M . s te rn o c le ido m a s to id e u s , and th e  Linea m edi- 
ana ce rv ic is . Loca ted  w ith in  th e  a n te rio r tr ia ng le  o f th e  neck are th e  
T rigonum  su bm and ibu la re  (m arg ins: lo w e r rim  o f th e  M and ibu la , Ven
te r  an te rio r and V e n te r p o s te rio r o f  th e  M . d igastricus), th e  T rigonum  
su bm e n ta le  (m argins: O s hyo id e um , V e n te r a n te rio r o f th e  M . d igas tri
cus, L inea m ediana cervic is), th e  T rigonum  m uscu la re  (m arg ins: Os

hyo id e um , V e n te r su pe rio r o f th e  M . o m oh yo ide u s , M . s te rn o c le id o 
m a s to id e u s , m id line  o f th e  neck), and th e  T rigonum  ca ro ticu m  (m ar
g ins: V e n te r su pe rio r o f th e  M . o m oh yo ide u s , th e  lo w e s t p a rt o f th e  M . 
s ty lo hyo id eu s , V e n te r p o s te rio r o f th e  M . d igastricus , M . s te rn o c le ido 
m asto ideus).
B oundaries o f th e  p o ste rio r tr ia n g le  o f th e  neck (R egio ce rv ica lis  pos
te r io r  [T rigonum  cerv ica le  pos te rius ]) are th e  p o s te rio r rim  o f th e  M . 
s te rn o c le ido m a s to id e u s , th e  an te rio r rim  o f th e  M . trapezius, th e  upper 
rim  o f th e  c lav ic le  and th e  O s occ ip ita le .
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Thyro id  gland -► Topography

Neck muscles

Glandula parotidea

Platysma

M. sternocleidomastoideus

M. levator scapulae

M. trapezius

Fig. 11.2 M usc les  o f th e  a n te rio r and la te ra l neck reg ion s, 
R eg iones cerv ica les a n te rio r  e t la te ra lis , superfic ia l layer; le ft
side; la tera l v iew .
The  P latysm a (a m im e tic  m u sc le  w ith o u t fascia) is a th in  m uscu la r p la te  
and loca tes  su pe rfic ia lly  d ire c tly  under th e  sk in . It e x te n d s  fro m  th e  
m and ib le , across th e  c lav ic le , and o n to  th e  Thorax. The  poste ro la te ra l 
p a rt o f th e  supe rfic ia l neck  fascia  has been rem oved . The upper part o f 
th e  M . s te rnoc le idom asto ideus  is a re fe rence  p o in t during  surgica l in te r

ve n tio n s . Loca ted  fu r th e r  p o s te rio r and in fe rio r, th e  an te rio r rim  o f th e  
M . trapez ius  b eco m e s v is ib le . The lo w e r po le  o f th e  G landula paro tidea 
lies b e tw e e n  th e  P latysm a and th e  M . s te rn o c le id o m a s to id e u s  and can 
ex te n d  in to  th e  neck reg ion  to  a variab le  deg ree . The M . leva to r scapu
lae is v is ib le  deep  in th e  p o s te rio r tr ia ng le  o f th e  neck.
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Neck Muscles -► Pharynx -> Larynx

Neck muscles and tracheotomy

Os hyoideumA; V. facialis
M. mylohyoideus

Glandula submandibularis

M. digastricus,
Venter posterior

Glandula parotideaGlandula parotidea

M. hyoglossus ------------------M. stylohyoideus

--------M. levator scapulae
-  M. sternohyoideus 

M. scalenus medius 

M. longus capitis 

Cartilago thyroidea 

M. omohyoideus 

Lig. cricothyroideum medianum 

M. cricothyroideus

M. splenius cervicis - 
M. levator scapulae

Lig. thyrohyoideum medianum

A. carotis communis; V. jugularis interna 
M. thyrohyoideus 

M. sternothyroideus

M. scalenus medius ^

Arcus cartilaginis cricoideaeFascia cervicalis, Lamina pretrachealis 
Plexus brachialis, Pars supraclavicularis >.

M. scalenus anterior 
M. omohyoideus, Venter inferior ^

M. trapezius •«.
Clavicula x  

subclavia x  ^  ,«

Glandula thyroidea

M. scalenus medius

Trachea
Clavicula

Fig. 11.3 N eck  m uscles. M m . colli; ventra l v ie w ; ch in  e leva ted .
The  superfic ia l M . s te rn o c le id o m a s to id e u s  has tw o  o rig ins  (Caput 
s te rna le  and C apu t c lavicu la re) and e x te n ds  to  th e  Proc. m as to ideus . Its 
caudal se c tion  co ve rs  th e  o rig in  o f th e  in frahyo id  m uscles w ith  th e  
M m . s te rn o hyo ide u s , s te rn o th y ro id e u s , th y ro h yo id e u s  and o m o h yo id e 
us, w h ic h  s tre tc h  b e tw e e n  th e  S te rnum , th y ro id  cartilage, hyo id  bone, 
and Scapula (M . om ohyo ideus). The  M . o m oh yo ide u s  is co m po se d  o f 
tw o  be llie s  separa ted  by  an in te rm e d ia te  te n d on  a ffixe d  to  th e  connec

tiv e  tis s u e  o f th e  ca ro tid  shea th  (Vagina carotica) and se rves to  keep 
th e  lum en o f th e  V. jug u la ris  open . The is th m u s  o f th e  th y ro id  g land, the  
paired  M . c r ico thy ro id eu s  (an o u te r laryngeal m usc le ), th e  th y ro id  ca rti
lage, and th e  hyoid  bone  are loca ted  benea th  th e  in frahyo id  m u sc les  
(from  caudal to  cranial). A b o ve  th e  hyoid  bone, th e  M . m y loh yo id e u s  
fo rm s  th e  flo o r o f th e  m ou th .

—► T  8 -1 1

Fig. 11.4  S urg ica l access to  th e  Trachea; ventra l v ie w ; w ith  th e  
neck hype re x te n de d  dorsally.
D uring  c o n io to m y , an inc is ion  o r p un c tu re  th ro u gh  th e  Lig. c r ico th y ro 
ide u m  m ed ianum  (Lig. co n icu m , -» Fig. 11.28) in b e tw e e n  th e  th y ro id  
and crico id  ca rtilages is p e rfo rm e d  to  access th e  laryngeal lum en s h o rt
ly benea th  th e  vocal fo lds .
P e rfo rm in g  a tra c h e o to m y , th e re  are th re e  p oss ib le  access rou tes : (i) 
an upp e r access above th e  is th m u s  o f th e  th y ro id  g land, (ii) a m idd le  
access ro u te  by  c u ttin g  th ro u gh  th e  is th m us , and (iii) a lo w e r access 
b e lo w  th e  is th m u s  o f th e  th y ro id  g land (-» Fig. 11.50).

*  c o n io to m y  
* *  upper tra ch e o to m y  
* * *  lo w e r tra c h e o to m y

Os hyoideum

thyroidea

V. jugularis anterior

Trachea

Arcus venosus 
jugularis

Cartilago cricoidea

Glandula thyroidea, 
Lobus sinister
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Thyro id  gland -► Topography

Neck muscles

M.

Fig. 11.5  N eck m uscles, M m . colli; lateral v iew .
A ll m u sc le  fasc ias , th e  P latysm a, and th e  m idd le  p o rtion  o f th e  M . 
s te rn o c le id o m a s to id e u s  w e re  resected . F rom  an te rio r to  p o s te rio r the  
fo llo w in g  s tru c tu re s  can be seen: th e  in frah yo id  m uscles w ith  the  
M m . s te rn o hyo ide u s , o m oh yo ide u s  (V ente r supe rio r; th e  V e n te r in fe ri
o r  runs above  th e  c lav ic le  in th e  lateral tr ia ng le  o f th e  neck), th y ro h yo i- 
d eus  and s te rn o th y ro id eu s , pa rts  o f th e  pharyngea l m u sc le s  (M . con 

s tr ic to r pha ryng is  in ferio r), th e  M m . sca len i (anterior, m ed ius , and pos
te rio r), th e  M . leva to r scapu lae, th e  M . sp len ius  cap itis , and th e  M . tra 
pezius. A bove  th e  hyoid  bone , th re e  s u p rah yo id  m uscles (M . d igas tri
cus w ith  V e n te r an te rio r and V e n te r p os te rio r, M . m y loh yo id e u s , and 
M . s ty lohyo ideus) are v is ib le .

—► T  8 -1 1

M. masseter 

Mandibula

M. stylohyoideus

Glandula parotidea

Lig. stylohyoideum; M. stylopharyngeus

M. digastricus, Venter posterior

M. sternocleidomastoideus

M. semispinalis capitis

M. splenius capitis 

1. levator scapulae 

M. scalenus anterior 

M. scalenus medius 

M. scalenus posterior 

M. trapezius 

Acromion

M. omohyoideus, 
Venter inferior

M. pectoralis major, 
Pars sternocostalis

M.
Venter anterior

M. mylohyoideus

Os hyoideum 

omohyoideus, Venter superior 

M. sternohyoideus

M. thyrohyoideus

M. sternothyroideus 

M. constrictor pharyngis inferior

Glandula thyroidea, Lobus sinister 

M. sternocleidomastoideus

M. deltoideus
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Prevertebral muscles

Neck Muscles -► Pharynx -► Larynx

M. longus capitis 

M. rectus capitis lateralis 

M. rectus capitis anterior

Articulatio atiantoaxiaiis lateralis, Capsula articularis 

M. longus colli 

M. scalenus medius

M. longus capitis 

M. scalenus medius 

M. scalenus 

M. scalenus

M. scalenus posterior 

M. scalenus medius 

M. longus colli

A. subclavia dextra

M. scalenus anterior

V. subclavia

A. carotis communis dextra

Proc. mastoideus

M. longus capitis

M. levator scapulae 

M. longus colli 

M. scalenus medius

Vertebra cervicalis VI, Tuberculum caroticum 

M. scalenus anterior

A. subclavia sinistra

M. scalenus posterior

A. carotis communis sinistra

V. brachiocephalica sinistra

Truncus brachiocephalicus

V. cava superior
I—VII = Cervical vertebrae (C 1-7)
1 -3  = Thoracic vertebrae (T 1 -3)

Fig. 11.6 P reverteb ra l m uscles and M m . scaleni; ve n tra l v iew .
The p re ve rte b ra l m uscles are loca ted  on both  s ides  o f th e  ve rteb ra l 
bod ies  o f th e  ce rv ica l and upp e r th o ra c ic  ve rteb ra l co lu m n  and are co 
v e red  by  th e  Lam ina p reve rteb ra lis  o f th e  Fascia ce rv ica lis . The M . rec
tu s  cap itis  a n te rio r s tre tc h e s  b e tw e e n  th e  an te ro la te ra l parts  o f th e  A t
las and th e  A xis . In add ition  to  th e  M . re c tu s  cap itis  an te rio r, th e  M . 
longus cap itis  and th e  M . longus co lli are p reve rteb ra l m usc les . A s  part 
o f th e  ve n tro la te ra l m u sc le  g roup , th e  M . re c tu s  cap itis  la tera lis has 
m ig ra ted  in to  th e  p reve rteb ra l region.
The  M m . scaleni an te rio r, m ed ius , and p o s te rio r in se rt a t th e  f ir s t  ribs 
and fo rm  a triangu lar-shaped  m u sc le  p la te  in th e  latera l reg ion  o f th e  
cerv ica l ve rteb ra l co lu m n . T o g e th e r w ith  th e  upper rim  o f th e  rib I, th e  
M . sca lenus an te rio r and M . sca lenus m e d iu s  c rea te  th e  scalene h ia 

tus . The A. subclav ia  and th e  P lexus brach ia lis pass th ro u g h  th e  sca le 
ne h ia tus  (no t show n).
S om e a u thors  d is tin g u ish  b e tw e e n  an a n te rio r and p o s te rio r sca lene  
h ia tus. The a n te rio r sca lene  h ia tus re p re se n ts  th e  co u rse  o f th e  V. sub 
clavia a n te rio r o f th e  M . sca lenus across rib I, w h ile  th e  p o s te rio r sca
lene h ia tus m arks  th e  space b e tw e e n  th e  M m . sca len i an te rio r and 
m e d iu s  fo r  th e  A . subclavia  and th e  P lexus brach ia lis to  c ross  rib  I. 
S ince th e  a n te rio r sca lene  h ia tus  is n o t a tru e  gap, th e  te rm  sca lene  
h ia tus  shou ld  o n ly  be  used fo r  th e  space b e tw e e n  th e  M . sca lenus an
te r io r  and M . sca lenus m ed ius .

—► T 11, 12
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Thyro id  gland -► Topography 11

Fasciae of the neck

Muscle fasciae

Lamina superficialis 
Lamina pretrachealis 
Lamina prevertebralis

Neurovascular fascia

Carotis sheath

Organ fasciae

General organ fascia 
Special organ fascia

Fig. 11.7 C ervical fasciae. Fasciae cervicales; tra n sve rse  sec tion
th ro u g h  th e  neck. [8]
A  m u sc le  fasc ia  w ith  th re e  lam inae can be d is tin g u ish e d  fro m  a neuro 
vascu la r fasc ia , and an o rgan fascia  w ith  tw o  lam inae.
M usc le  fasciae:
•  Lam ina su pe rfic ia lis  (superfic ia l lam ina, encases th e  w h o le  neck and 

ensh e a th e s  th e  M . s te rn o c le id o m a s to id e u s  as w e ll as th e  M m . le
va to r scapulae and trapez ius  in th e  neck region)

•  Lam ina p re trachea lis  (m idd le  lam ina, ensh e a th e s  th e  in frahyo id  
m usc les)

•  Lam ina p reve rte b ra lis  (deep lam ina, e nw ra p s  th e  M m . sca len i, pre- 
ve rteb ra l m usc les , th e  M . re c tu s  cap itis  la tera lis , and m e rge s  w ith  
th e  fascia  o f th e  in trin s ic  [a u to ch th on o u s ] m u sc le s  o f th e  back)

N eu ro vascu la r fascia:
•  ca ro tis  sh ea th  (enshea thes th e  Aa. ca ro tides  c o m m u n is , in te rna  and 

ex te rna, V. jug u la ris  in te rna , N. vagus [X])
O rgan fasciae:
•  genera l organ fasc ia  (encases all neck  s tru c tu re s  like Pharynx, 

Larynx, th y ro id  g land, para thyro id  g land, upp e r part o f th e  Trachea, 
O esophagus w ith  Pars cervica lis)

•  specia l o rgan fascia  =  o rgan capsu le  (enshea thes each o f th e  organs 
o f th e  neck, e .g . Fascia oesophagea)

Fig. 11.8  S c h e m atic  d ra w in g  o f th e  cerv ica l fasc iae . Fasciae  
cervicales; sag itta l se c tion  th ro u g h  th e  neck a t th e  leve l o f th e  Larynx. 
A b o ve  th e  S te rnum , th e  S pa tium  supras terna le  is fo rm e d  b e tw e e n  th e  
supe rfic ia l and m idd le  cerv ica l fasc iae . The S pa tium  p e riv isce ra le  is 
loca ted  in fro n t o f th e  Trachea and in b e tw e e n  th e  m idd le  cerv ica l 
fascia  and th e  genera l organ fasc ia . The S pa tium  re tro ph a ryn ge u m  lies 
in a p reve rteb ra l space  d e linea ted  by th e  m idd le  ce rv ica l fascia  and th e  
genera l organ fasc ia  (-» Fig. 11.17).

Muscle fasciae

Lamina superficialis 
Lamina pretrachealis 
Lamina prevertebralis

Organ fasciae

General organ fascia 
Special organ fascia

Mm. scaleni

Lamina prevertebralis

Glandula thyroidea

Lamina pretrachealis

M. sternocleidomastoideus

(Vagina carotica) 

(Fascia oesophagea)

Lamina superficialis

M. trapezius

infrahyoidei

Trachea

Oesophagus

jugularis interna

A. carotis communis 

N. vagus [X]

Spatium
retropharyngeum

Spatium periviscerale

Spatium suprasternale
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Neck

Fasciae of the neck

Muscles Pharynx -► Larynx

Mandibula ■

Glandula parotidea

M. sternocleidomastoideus

Fascia parotidea

Lamina superficialis

M. sternohyoideus 

General organ fascia

Vagina carotica

Lamina 

Lamina prevertebralis 

M. trapezius

Fig. 11.9 M usc le  fasciae o f th e  neck, Fasciae cervicales; ventra l 
v iew .
The  P latysm a w a s  rem oved  on both  s ides . On th e  righ t s ide , th e  supe r
fic ia l lam ina o f  th e  cerv ica l fascia  is in ta c t and ensh e a th e s  th e  M . 
s te rn o c le ido m a s to id e u s . On th e  le f t  s ide , m o s t o f th e  m u sc le s  and th e  
supe rfic ia l lam ina o f th e  ce rv ica l fascia  w e re  re sec te d . A b o ve  th e

Larynx, a sm a ll p a rt o f th e  m idd le  cerv ica l fasc ia  w a s  rem oved  to  de
m o n s tra te  th e  M . s te rn o hyo ide u s , a m u sc le  no rm a lly  e nshea thed  by 
th e  m idd le  ce rv ica l fasc ia , and th e  genera l o rgan fascia  loca ted  be low . 
The fe n e s tra te d  ca ro tid  shea th  and th e  d ee p  ce rv ica l fascia  are v is ib le  
a t th e  p o s te rio r m arg in  o f th e  M . o m ohyo ideus .

Mandibula

M. sternocleidomastoideus 
Oropharynx

Fig. 11.10 P arap haryng ea l abscess, le ft s ide; ventra l v ie w . [13]
The  abscess e x te n d s  a long th e  a na tom ica lly  d e fin e d  space (Spatium  
la te ropharyngeum ) in th e  cerv ica l region  (black a rro w  tips).

r- Clinical Rem arks--------------------------------------
D uring  su rg ica l p rocedu res  in th e  ce rv ica l region  (e.g. neck  d issec
tion ), th e  fasc ia l lam inae o f th e  neck and th e  spaces o f co nn e c tive  
tis s u e  d e linea ted  by  th e m  serve  as re fe ren ce  s tru c tu re s  fo r  th e  su r
geon . B leed ings and a bscesses can d is tr ib u te  in b e tw e e n  th e  fascia l 
lam inae and descend  cauda lly  in to  th e  m e d ia s tin um . The w ea kn e ss

o f th e  w a lls  o f th e  P harynx can re su lt in an invasion o f m icro -o r
gan ism s in to  th e  parapharyngeal and re tropharyngea l spaces (pa
rap h aryn g ea l [peripharyngea l], - *  Fig. 11.10, o r re tro p h a ry n g e a l 
abscess)

Os hyoideum —

Parapharyngeal abscess- 
V.
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Fasciae of the neck

Clavicula

Trigonum omoclaviculare

Platysma 

Spatium suprasternale

Fossa supraclavicularis minor

Proc. styloideus

M. styloglossus

M. digastricus, Venter posterior

M. sternocleidomastoideus 

Fascia cervicalis, Lamina superficialis

Fascia cervicalis, Lamina superficialis

M. omohyoideus

Fascia cervicalis, Lamina superficialis

M. omohyoideus, Venter inferior

M. mylohyoideus 

M. digastricus, Venter anterior

M. omohyoideus, Venter

M. sternohyoideus 

Fascia cervicalis, Lamina pretrachealis

Fascia cervicalis,
Lamina superficialis

Trigonum omoclaviculare 

jugularis externa

M. sternocleidomastoideus

Ramus mandibulae

Fascia masseterica; M. masseter

Lig. stylohyoideum

M. stylohyoideus

Platysma

M. stylohyoideus, Tendo

Fascia cervicalis, 
Lamina superficialis

Fig. 11.11 C ervical fascia. Fascia cervicalis , le ft side; ven tro la te ra l 
v iew .
The  supe rfic ia l lam ina o f th e  ce rv ica l fasc ia  (Fascia ce rv ica lis , Lam ina 
supe rfic ia lis ) has been o pened  and de ta che d  in va rious p laces. The  su 
perfic ia l lam ina o f th e  ce rv ica l fasc ia  th a t ensh e a th e s  th e  M . s te rn o c le 
ido m a s to ide u s  has been o pened  a lso and th e  m idd le  p o rtion  o f th e  M . 
s te rn o c le id o m a s to id e u s  has been resected . Thus, th e  fasc ia l sheath  
and th e  deep  part o f th e  supe rfic ia l fascia  beco m e  v is ib le . From  th e  
Incisura jugu la ris  o f th e  S te rnum  to  th e  leve l o f th e  Larynx th e  su pe rfi
cial lam ina o f th e  cerv ica l fasc ia  has been s lit open and fo ld e d  s ide w a ys  
to  open up th e  S pa tium  suprasterna le . Upon rem ova l o f th e  ad ipose

tissu e  (fre q ue n tly  th e  A rcu s  ve no su s  jugu la ris  can be fo u n d  here, 
- *  Fig. 11.17), th e  p re trachea l (m idd le) lam ina o f th e  ce rv ica l fascia  (Fa
scia ce rv ica lis , Lam ina pre trachea lis) b eco m e s v is ib le , w h ic h  fo rm s  th e  
p o s te rio r w a ll o f th e  S pa tium  suprasterna le . In add ition , th e  superfic ia l 
lam ina o f th e  ce rv ica l fasc ia  has been re sec te d  a t th e  m and ib le  and w as 
fo ld e d  d o w n w a rd s  to  d em o n s tra te  th e  te n d on  o f th e  M . s ty lo hyo id eu s , 
th e  M . m y lohyo ideus , and th e  V e n te r an te rio r o f th e  M . d igastricus . In 
th e  p os te rio r tr ia ng le  o f th e  neck, th e  superfic ia l cerv ica l fascia  has 
been rem oved  fro m  th e  c lav ic le  and fo ld e d  u pw ards . B enea th , th e  V. 
jug u la ris  ex te rna  and th e  V e n te r in fe rio r o f th e  M . o m oh yo ide u s , en- 
shea thed  by th e  m idd le  cerv ica l fasc ia , are v is ib le .
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Neck

Pharyngeal muscles

Muscles -► Pharynx -> Larynx

(Fasciculus muscularis 
accessorius)

Lig. sphenomandibulare

Proc. styloideus

Lig. stylohyoideum 

M. stylohyoideus 
M. pterygoideus medialis 

Glandula parotidea 

M. digastricus, Venter posterior 

M. pterygoideus medialis

Mandibula 
Glandula submandibularis

M. styloglossus 

M. stylohyoideus 

Os hyoideum, Cornu majus

Raphe pharyngis

M. digastricus, Venter posterior

M. stylopharyngeus

M. styloglossus 

Lig. stylomandibulare

M. pterygoideus medialis 

M. stylohyoideus 

M. digastricus, Venter posterior

s chondropharyngea 
Pars ceratopharyngea

Pars thyropharyngea

M. constrictor pharyngis medius

Glandula thyroidea, Lobus sinister

Pars cricopharyngea

Pars transversa***

M. constrictqr pharyngis inferior

M. pterygoideus 
lateralis

Glandulae pharyngeales
M. stylohyoideus

Glandulae parathyroideae superior et inferior

Oesophagus, Tunica muscularis

Glandulae parathyroideae superior et inferior Glandula thyroidea, Lobus dexter

1 Pars pterygopharyngea "I
2 Pars buccopharyngea I m . constrictor
3 Pars mylopharyngea f pharyngis superior
4 Pars glossopharyngea I

Trachea

Fig. 11.12 P haryngea l m uscles, M m . ph aryng is; dorsal v iew .
The  pharyngea l m u sc le s  (Tunica m uscu la ris  pharyng is) c o n s is t o f th e  
c o n stric to r m uscles (M m . c o n s tr ic to re s  pharyng is) and th re e  paired 
le v a to r m uscles e le va tin g  th e  P harynx (M m . leva to res  pharyng is). Tela 
su bm ucosa  and Tunica adven titia  co m b in e  to  fo rm  th e  Fascia pharyn- 
gobasila ris  in a m u sc le -fre e  upp e r p a rt o f th e  pharyngea l w a ll. 
C on s tric tin g  and e leva ting  pharyngea l m u sc le s  m a in ly  a c t during  s w a l
low ing , chok ing , and during  speaking  and sing ing.
The  M m . constric to res  ph aryng is  superio r, m ed ius , and in fe rio r con 
s is t o f d if fe re n t parts . The m u sc le s  enc lo se  th e  pharyngea l lum e n  like 
a ho rseshoe  and overlap , w ith  th e  lo w e r m u sc le  s lig h tly  covering  th e  
lo w e r m arg in  o f th e  m u sc le  above. The  Pars c ricopharyngea  o f th e  in
fe r io r  c o n s tr ic to r m u sc le  is co m po se d  o f tw o  m u sc le  pa rts  w h ic h  to 
g e th e r fo rm  a tr ia ng le  w e a k  in m u sc le  fib re s  (K ILL IA N 's  deh iscence , 
a lso ca lled  K ILL IA N 's  triang le ). On th e  dorsa l s ide , a t th e  tra n s itio n  fro m

i- Clinical Rem arks--------------------------------------
The K ILL IA N 's  tr ia ng le  o r d eh isce nce  m arks  a w e a k  s p o t in th e  
pharyngea l m u sc le s  and o fte n  c re a te s  a p rob lem  in aged m en. 
The  increased  in tra lum ina l p ressu re  causes th e  pharyngea l w a ll to  
bu lge  o u t th ro u g h  th e  m uscu la r w e a k  s p o t and crea tes  a ph aryngo -

th e  Pars fu n d ifo rm is  o f th e  in fe rio r c o n s tr ic to r pharyngea l m u sc le  to  th e  
O esophagus, m u sc le  fib re s  p ro je c tin g  u pw a rd s  fro m  th e  O esophagus 
fo rm  a m uscu la r tr ia ng le  (L A IM E R 's  triang le ). The  tip  o f th e  L A IM E R 's  
tr ia ng le  p o in ts  in th e  o p p o s ite  d ire c tio n  to  th e  tip  o f th e  K ILL IA N 's  tr i
ang le . The  Pars fu n d ifo rm is  (o f th e  Pars c ricopharyngea  o f th e  M . con 
s tr ic to r pha ryng is  in fe rio r) is th e  base o f bo th  triang les .
The m u sc le s  e leva ting  th e  pharynx are th e  M m . p a la to p h a ry n g eu s , 
sa lp in gop haryng eu s , and sty loph aryngeus .

—► T  5

*  K ILL IA N 's  tr ia ng le  o r deh iscence  
* *  L A IM E R 's  triang le
* * *  Pars fu n d ifo rm is  o f th e  Pars c ricopharyngea  (K ILL IA N 's  m uscle)

oesoph ag ea l d ive rtic u lu m  (ZENKER's d ive rticu lu m ) in to  th e  re t
ropharyngea l space. Th is  can cause regu rg ita tion  o f inges ted  food  
back in to  th e  m o u th .
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Facial and pharyngeal muscles

M. levator labii superioris 
alaeque nasi

M. zygomaticus minor

Ductus parotideus; M. buccinator

M. orbicularis oris, Pars labialis

M. levator vel palatini

Fascia pharyngo- 
basilaris

M. stylohyoideus

Oesophagus 

Cartilago trachealis

Platysma 

M. mylohyoideus 

M. digastricus, Venter anterior

M. hyoglossus

M. thyrohyoideus

Cartilago thyroidea, Lamina sinistra

Proc. pterygoideus, Lamina lateralis 

M. tensor veli palatini

Condylus occipitalis 

Proc. mastoideus

Proc. styloideus 
Hamulus pterygjoideus 

Lig. stylohyoideum l 
Raphe pterygomandibularis 

M. styloglossus 
M. stylopharyngeus 

M. digastricus, Venter posterior 

Pars chondropharyngea'I i  constrictor 

Pars ceratopharyngea J Pharyngis medius 

M. stylohyoideus 

Os hyoideum, Cornu majus

V. laryngea superior;
N. laryngeus superior

Membrana thyrohyoidea

Pars thyropharyngea "i
I M. constrictor 
j pharyngis inferior

Pars cricopharyngea J

1 Pars pterygopharyngea
2 Pars buccopharyngea
3 Pars mylopharyngea
4 Pars glossopharyngea

M. constrictor 
pharyngis superior

M. cricothyroideus
Pars recta 

Pars obliqua

Fig. 11.13 P haryngea l m uscles. M m . pharyng is , and facial 
m uscles. M m . fac ie i, le ft side; lateral v iew .
The  pharyngea l m u sc le s  d iv ide  in to  c o n s tr ic to r m u sc le s  (M m . cons tric - 
to re s  pharyng is  supe rio r, m ed ius , and in fe rio r) and leva to r m u sc les  
(M m . s ty lopha ryngeus , sa lp ingopha ryngeus, and pa la topharyngeus).

Th is  latera l v ie w  d isp lays  th e  d if fe re n t parts  o f th e  M m . co ns tric to re s  
pharyng is  and th e  M . s ty lopha ryngeus.

—» T  1e, 5
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Clinics

Straight variant of the A. carotis interna Curved variant of the A. carotis interna

M. stylohyoideus 

M. digastricus, Venter posterior 

M. constrictor pharyngis superior

M. constrictor pharyngis medius 

A. carotis 

A. carotis

M. stylohyoideus 

M. digastricus, Venter posterior 

M. constrictor pharyngis superior

M. constrictor pharyngis medius 

A. carotis interna
hyoideum

A. carotis externa 

M. thyrohyoideus

hyoideum

M. thyrohyoideus

S-shaped course of the A. carotis interna (kinking) Loop formation of the A. carotis interna (coiling)

M. stylohyoideus 

M. digastricus, Venter posterior 

M. constrictor pharyngis superior

M. constrictor pharyngis medius 

A. carotis interna 

A. carotis externa

M. stylohyoideus 

M. digastricus, Venter posterior 

M. constrictor pharyngis superior

M. constrictor pharyngis medius 

A. carotis
hyoideum

A. carotis 

M. thyrohyoideus

hyoideum

M. thyrohyoideus

Figs. 11.14a to  d V aria tio n s  in th e  course o f th e  Pars cerv ica lis  o f 
th e  A. caro tis  in tern a  in re la tio n  to  th e  ph ary n g e a l w a ll.
a s tra ig h t va ria n t (fre q ue n cy  66% ) 
b cu rved  va rian t (frequency 2 6 .2 % )
c S-shaped course  (fre q ue n cy  6 % , 2 .8 %  th e re o f in c lose  associa tion  

w ith  th e  pharyngea l wall)

d loop fo rm a tio n  (fre q ue n cy  1 .8% , 2 .8 %  th e re o f in c lose  associa tion  
w ith  th e  pharyngea l w all)

The  S-shaped course  and th e  loop fo rm a tio n  are c lass ifie d  as d an
gerous caro tid  loops (c and d)

Clinical Remarks
The c lose  to p o g ra p h ic  re la tionsh ip  b e tw e e n  th e  A . ca ro tis  in terna  
and th e  to n s ils  (loca tion  o f th e  Tonsilla  palatina at th e  p o s te rio r m ar
g in  o f th e  Is thm u s  fa u c iu m ) and th e  p resence  o f a d ang erou s  ca

ro tid  loop can re su lt in in ju ries  to  th e  ca ro tid  a rte ry  w ith  acc iden ta l 
fa ta l b leed ing  during  to n s ille c to m y  o r ope n ing  o f a p e rito n s illa r ab
scess.
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Clinics

Cavitas nasi

Passage of maternal milk
Palatum molle 

Aditus laryngis

Trachea Oesophagus

Fig. 11 .15  H ead o f an in fan t; m idsag itta l se c tion  at th e  leve l o f th e  
nose  and Larynx. [9]
C on tra ry  to  adu lts  and ch ild ren , an in fa n t can d rink  and b reath  s im u l
taneous ly . S ince th e  Larynx loca tes  re la tive ly  h igh in th e  neck, th e  Epi

Figs. 11.16a and b N asop haryn x; end o sco py  o f th e  N asopharynx; 
p o s te rio r v ie w  a t th e  Choanae, th e  open ing  o f th e  Tubae aud itivae  and 
th e  Tonsilla  pharyngea.
The e nd o sco p ic  v ie w  fro m  p os te rio r in to  th e  nasopharyngeal space

g lo tt is  reaches th e  N asopharynx. F lu ids (e.g. th e  b reas t m ilk  fro m  th e  
m o th e r) pass th ro u gh  th e  R ecessus p ir ifo rm e s  o f th e  Larynx in to  th e  
O esophagus w ith o u t e n te rin g  th e  lo w e r a irw ays.

s h o w s  th e  p o s te rio r t ip s  o f th e  in fe rio r nasal conchae on both  s ides and 
th e  pharyngea l open ing  o f th e  Tuba aud itiva  [aud ito ria l (O s tium  pharyn- 
g eu m  tu b a e  aud itivae). The  inco n sp icu o us  pharyngea l to n s il (Tonsilla 
pharyngea) loca tes  a t th e  ro o f o f th e  Pharynx.

i- Clinical Rem arks--------------------------------------
H yperp lasia  o f th e  pharyngea l to n s il (adenoids) occurs fre q u e n tly  in 
ch ild ren . It can lead to  th e  occ lus ion  o f th e  open ing  o f th e  Tuba au
d itiva  [aud ito ria l, and cause recurring  m idd le  ear in fe c tio n s . In young  
ch ild ren , th is  c o nd itio n  can re su lt in hearing im p a irm e n t and su bse 
q u e n tly  causes a de lay  in d eve lo p m e n t. In th e s e  cases a su rg ica l re
m oval o f th e  pharyngea l to n s il (a d en ec to m y) is ind ica ted .P ha rynge-

al p itu ita ry  tis su e  (hypophysis  ph aryngea lis ) re p re se n ts  re m na n t 
tis su e  derived  fro m  th e  s ta lk  o f th e  e m b ryo n ic  R ATHKE's pouch  and 
can be fo u n d  in th e  co nn e c tive  tis s u e  loca ted  an te rio r to  th e  Tonsilla  
pharyngea unde rnea th  th e  sp heno id  bone . The  h ypophys is  pharyn
gea lis can be th e  so u rce  o f a cran io p h ary n g e o m a  in yo un g  peop le.

Tonsilla pharyngea

Torus tubarius

Ostium pharyngeum 
tubae auditivae

Torus levatorius

Septum nasi

Choana

Concha nasi inferior



Neck

Inner relief of the pharynx

Muscles -► Pharynx -> Larynx

Maxilla Plica salpingopharyngea

Arcus palatopharyngeus

Tonsilla lingualis Tonsilla palatina

M. sternothyroideus

Oesophagus

(Spatium oesophagotracheale) 

Trachea

Palatum

M. genioglossus

M. geniohyoideus

Os hyoideum 
Lig. thyrohyoideum medianum 

Lig. hyoepiglotticum 
Cartilago epiglottica 

Corpus adiposum preepiglotticum

Lig. thyroepiglotticum 
Cartilago thyroidea 

Plica vestibularis; Plica vocalis

R. cricothyroideus (A.; V. thyroidea superior);
Lig. cricothyroideum medianum

Arcus cartilaginis cricoideae 

Fascia cervicalis, Lamina superficialis

Fascia cervicalis, Lamina pretrachealis

Isthmus glandulae thyroideae

Pharynx 

Spatium retropharyngeum

Tuberculum cuneiforme 

Tuberculum corniculatum

Lamina cartilaginis cricoideae

Dura mater spinalis

Plica salpingopalatina

Ostium pharyngeum tubae auditivae; 
Torus tubarius

Tonsilla pharyngea

Torus levatorius

M. mylohyoideus

Fascia cervicalis, 
Lamina prevertebralis

(Spatium
retrooesophageum)

Fig. 11.17 O ral cav ity , C av itas  oris, p h ary n x , P harynx , and  
la rynx . Larynx; m idsa g itta l sec tion .
R e la tionsh ips  o f th e  d if fe re n t leve ls  o f th e  Pharynx to  ne ighbou ring  
s tru c tu re s :
•  The  N as o p h aryn x  co nn e c ts  w ith  th e  nasal ca v ity  and th e  m idd le  ear 

th ro u g h  th e  choanae and th e  Tuba aud itiva , respective ly .
•  The  O ro p h aryn x  re p re se n ts  th e  ju n c tio n  b e tw e e n  th e  su pe rio r and 

in fe rio r pharyngea l leve ls  and c o n n e c ts  w ith  th e  oral ca v ity  th rough  
th e  Is thm u s  fauc ium .

Clinical Rem arks--------------------------------------
In gested  fo re ig n  bo d ies  fre q u e n tly  reach th e  Va llecu lae  e p ig lo t- 
ticae  a t th e  base o f  th e  to n g u e  and, by  e xe rtin g  p ressu re  on  th e  
E p ig lo ttis , can occ lu d e  th e  a irw ays. D ea th  can o ccur fro m  a bolus  
asp ira tion , if an overs ized  b ite  (bolus) b eco m e s irreve rs ib ly  s tu c k  in 
th e  Laryngopharynx and ca nn o t be expe lled  by  cough ing . Th is  can

• The L aryn gop harynx  has an an te rio r co nn e c tio n  w ith  th e  Larynx 
th ro u g h  th e  A d itu s  laryng is and tra n s itio n s  cauda lly  in to  th e  O eso 
phagus. A irw a ys  and a lim e n ta ry  passage cross  w ith in  th e  Pharynx. 

The  W A LD E Y E R 's  ring co ns is ts  o f  lym pho -ep ithe lia l tis su e , and is part 
o f th e  im m un e  de fe nce  o f th e  body. S itua ted  in th e  tra n s itio n a l space 
b e tw e e n  th e  nasal and oral cav ity , th e  W A LD E Y E R 's  ring is com posed  
o f th e  Tons illae  pharyngea, tubariae  (no t show n), pala tinae and lingualis 
as w e ll as latera l s trands o f lym ph o id  tis su e  loca ted  on th e  Plicae sal- 
p ingopharyngeae.

cause re flex ive  ca rd iovascu la r a rre s t due  to  vagal s tim u la tio n  o f th e  
h igh ly  se ns itive  n e tw o rk  o f nerves in th e  Pharynx and Larynx w h ich  
responds to  th e  a cu te  s tim u la tio n  by th e  inges ted  bo lus. S m a lle r 
po in te d  fo re ig n  bod ies, like fis h  bon e s  o r p ieces o f ch icken  bones, 
m o s t o fte n  g e t s tu c k  in th e  Tonsilla  palatina.
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Levels and innervation of the pharynx

Pars nasalis pharyngis

Pars oralis pharyngis

Pars laryngea pharyngis

Fig. 11 .18  Levels o f th e  p h arynx; m idsa g itta l se c tion . •  upp e r leve l: Pars nasalis pharyng is , Ep ipharynx, N asopharynx
A cco rd in g  to  its  open ings, th e  Pharynx can be dev ided  in to  th re e  leve ls : •  m idd le  leve l: Pars oralis pharyng is , M esopha rynx , O ropharynx

•  lo w e r leve l: Pars laryngea pharyng is , H ypopharynx, Laryngopharynx

N. vagus [X]

N. maxillaris [V/2]

N. glossopharyngeus [IX]

Fig. 11.19 S ensory in n erva tio n  o f th e  pharynx; m idsag itta l 
section .
S ensory  fib re s  o f th e  second  trig em in a l branch (R. pharyngeus, a branch 
o f th e  Rr. gang lionares [N n. p te rygopa la tin i] o f th e  N. m axilla ris  [V/2]) 
c o n tr ib u te  to  th e  innerva tion  o f th e  N asopharynx. B ranches o f th e  N. 
g lossopha ryngeus  [IX] and th e  N. vagus [X] (N. laryngeus superio r) in
nerva te  th e  re s t o f th e  Pharynx. T o g e th e r w ith  a u to n o m ic  nerve  fib res

o f th e  T runcus sym path icus , th e se  fib re s  fo rm  a neuronal n e tw o rk  at 
th e  o u te r su rface  o f th e  Pharynx (P lexus ph aryngea lis ). A ffe re n t and 
e ffe re n t fib re s  o f th is  P lexus pharyngea lis  are part o f th e  vita l sw a l
lo w in g  and chok ing  re flexe s  w h ic h  rem ain  ac tive  during  s leep . The 
coord ina tion  o f th e se  co m p le x  re flexes  ta ke s  p lace in th e  M edu lla  ob
longata.
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Vessels and nerves of the parapharyngeal space

Sinus sigmoideus

N. vagus [X]

N. glossopharyngeus [IX]
Bulbus superior
venae jugularis 

Sinus transversus

Glandula thyroidea

A. thyroidea inferior

Bulbus inferior venae jugularis 

R. pharyngealis 

Ganglion cervicale medium

N. accessorius [XI], R. internus

M. constrictor pharyngis superior

Foramen jugulare

Ganglion superius

N. hypoglossus [XII]

M. stylopharyngeus 

N. glossopharyngeus

R. pharyngealis

M. digastricus, Venter

N. laryngeus superior

A. carotis externa 

R. pharyngealis

A. facialis

A. meningea posterior

N. caroticus internus 

inferius (IX)

A. carotis interna

Ganglion inferius (X)

N. jugularis (Truncus sympathicus)

Ganglion cervicale superius
(Truncus sympathicus)

A. pharyngea ascendens

N. glossopharyngeus [IX] 

A. palatina ascendens 
A. facialis 

A. lingualis

N. laryngeus superior, R. externus 

N. laryngeus superior, R.

M. constrictor pharyngis medius 

A. thyroidea superior

Rr. pharyngeales

M. constrictor pharyngis inferior

A. carotis externa

R. cardiacus cervicalis superior
Oesophagus

Ganglion cervicothoracicum [stellatum]

N. cardiacus cervicalis medius 
(Truncus sympathicus)

A. carotis interna 
R. auricularis

thyroidea superior

N. cardiacus cervicalis superior 
(Truncus sympathicus)

V. jugularis interna

R. pharyngealis 

N. vagus [X]
A. carotis communis 

Plexus caroticus communis 

Truncus sympathicus

Proc. mastoideus

N. accessorius [XI],
R. externus

Proc. styloideus

Fig. 11.20 Vessels and nerves  o f th e  ph arynx . P harynx , and the  
p arap h aryn g ea l space, S p a tiu m  la te ro p h a ry n g e u m ; dorsa l v iew . 
The  m ain source  o f b lood  supp ly  is th e  A . pharyngea ascendens. Th is 
a rte ry  ascends to  th e  base o f th e  sku ll in th e  parapharyngeal space 
m edia l o f th e  neu rovascu la r bund le  o f th e  neck. Its te rm ina l branch, 
th e  A . m en ingea  p os te rio r, e n te rs  th e  p o s te rio r cranial fossa  th ro u gh  
th e  Foram en jugu la re . A dd itio n a l b lood  supp ly  c o m e s  fro m  th e  A. pala
tina  a scendens in th e  reg ion  o f th e  pharyngea l ope n ing  o f th e  Tuba 
aud itiva  [aud ito ria l (O s tium  pha ryngeum  tubae  aud itivae) and fro m  th e  
A. thyro idea  in fe rio r in th e  H ypopharynx.
The  e n tire  su bm ucosa  o f th e  pharynx co n ta in s  a ve no u s  p lexus (P lexus 
pharyngeus). Th e  ven ous d ra inage  is p e rfo rm e d  by  th e  Vv. pharyn-

geae in to  th e  V. jugu la ris  in te rna  and in to  th e  Vv. m en ingeae  in th e  
nasopharyngeal region.
Th e  ly m p h a tic  d ra in a g e  o f th e  Tonsilla  pharyngea  and th e  pharyngea l 
w a ll reaches th e  Nodi lym pho ide i re tropha ryngea les  and th e  Nodi lym - 
pho ide i ce rv ica les  p ro fund i (n o t show n).
In n erva tio n : In a dd ition  to  th e  P lexus pharyngea lis  and th e  N. pharyn
g eus  o f th e  N. m axilla ris  [V /2] (see senso ry  inne rva tion  o f th e  Pharynx 
-» Figs. 11.19 and 12.144), th e  N. g lossopha ryngeus [IX] p rov ides  m o 
to r  inne rva tion  fo r  th e  su pe rio r and so m e  m edia l pharyngea l co ns tr ic 
to r  m u sc le s  and fo r  th e  leva to r pharyngea l m usc les ; th e  N. vagus [X] 
inne rva tes  th e  lo w e r p a rt o f th e  m ed ia l pharyngea l c o n s tr ic to r m u sc le s  
and th e  in fe rio r pharyngea l c o n s tr ic to r m usc les .
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Vessels and nerves of the parapharyngeal space

A.; V. subclavia

N. vagus [X]

Torus tubarius

M. uvulae 

Plica salpingopharyngea

Tonsilla palatina 

Arcus palatopharyngeus

Plica aryepiglottica

Cartilago thyroidea, 
Cornu superius

Tuberculum cuneiforme 

Tuberculum corniculatum

Recessus piriformis,
Plica nervi laryngei superioris

N. vagus [X]

Oesophagus, Tunica muscularis

V. brachiocephalica sinistra

A. carotis communis

N. laryngeus recurrens

N. vagus [X]

Pars descendens aortae

N. laryngeus recurrens

V. brachiocephalica dextra 

Trachea, Paries membranaceus

Truncus brachiocephalicus 

V. cava superior

Ganglion cervicale superius 
(Truncus sympathicus)

M. tensor veli palatini

M. constrictor pharyngis 
superior

M. salpingopharyngeus 

M. palatopharyngeus

Sulcus terminalis

Dorsum linguae,
Pars posterior

Epiglottis

N. laryngeus superior;
A.; V. laryngea superior

N. vagus [X]

Ganglion cervicale medium

A. thyroidea inferior

Bulbus inferior 
venae jugularis

Truncus thyrocervical is

Ganglion cervicothoracicum 
[stellatum]

Glandula parathyroidea inferior

Truncus thyrocervicalis

N. vagus [X],
R. cardiacus cervicalis superior 
Bulbus inferior venae jugularis

Ganglion inferius (X)

N. hypoglossus [XII]
A. occipitalis

M. arytenoideus transversus; 
M. arytenoideus obliquus

M. cricoarytenoideus posterior

Truncus sympathicus, 
Plexus caroticus communis

Truncus nervi accessorii, R. internus 

N. vagus [X]
N. glossopharyngeus 

[IX]

Sinus transversus 

Sinus sigmoideus

Tonsilla pharyngea Cartilago tubae auditivae;
Ostium pharyngeum tubae auditivae

N. vagus [X]

N. accessorius [XI]

Bulbus superior 
venae jugularis

A. carotis interna

N. accessorius [XI], 
R. externus

Fig. 11.21 Vessels and nerves o f th e  p h ary n x . P harynx , and th e  
p a rap h a ryn g e a l space, S p a tiu m  la te ro p h a ry n g e u m ; dorsal v iew . 
P harynx o pened  fro m  th e  dorsa l s ide.
The  pharyngea l open ing  o f th e  Tuba aud itiva  [aud ito ria l (O s tium  pharyn
geum  tubae  aud itivae) lies ro ug h ly  a t th e  leve l o f th e  in fe rio r nasal m e 
atus. A t its  p o s te rio r and su pe rio r s ide , th is  open ing  d isp lays  an e leva
tio n , th e  Torus tu b ariu s . Caudally, th e  T orus  tu b a riu s  e x te n d s  in to  a 
long itud ina l m ucosa l fo ld  (Plica sa lp ingopharyngea) w h ic h  is c rea ted  by 
th e  M . sa lp ingopharyngeus. The  in fe rio r p a rt o f th e  O s tiu m  pharynge
um  tu b a e  aud itivae  d isp lays ano the r e leva tion , th e  Torus levato rius , 
w h ic h  is fo rm e d  by th e  M . leva to r ve li palatin i. Th is  o rif ice  is th e  en

trance  to  th e  Tuba aud itiva  [aud ito ria l (EUSTACHIAN tube) and con
n ec ts  th e  Pars nasalis pharyng is  w ith  th e  ty m p a n ic  cavity. Im m e d ia te ly  
beh ind  th e  Torus tu b a riu s  th e re  is a fossa  (R ecessus pharyngeus, fossa  
o f R O SEN M ULLER ) e x te n d in g  upw ards  to  th e  ro o f o f th e  Pharynx. The 
M . pa la topha ryngeus crea tes  th e  latera l m arg in  o f th e  Is th m u s  fauc ium . 
The dorsa l v ie w  a lso s h o w s  th e  d o rsu m  o f th e  to n g u e  (D orsum  lin
guae), th e  dorsa l s ide  o f th e  laryngeal w a ll, and th e  en trance  to  the  
O esophagus. On e ith e r s ide  o f  th e  p os te rio r laryngeal w a ll lies th e  Re
ce ssus  p ir ifo rm is . N ote  th e  s ide  d iffe re n c e  in th e  course  o f th e  N. laryn
g eus  recurrens; on th e  le f t s ide  th e  nerve  w in d s  around th e  A rcu s  aor
tae  and on th e  righ t s ide  around  th e  A. subclavia.
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Skeleton of the larynx

Lamina sinistra

Incisura thyroidea 
superior

ICornu superius

Tuberculum
thyroideum
superius

Prominentia
laryngea Linea obliqua

Tuberculum thyroideum inferius
Cornu inferius Linea obliqua

inferior

Tuberculum
thyroideum
inferius

Cornu inferius

Cornu superius

Lamina dextra
Tuberculum
thyroideum
superius

Prominentia
laryngea

Lamina sinistra

Fig. 11.22 Th yro id  cartilag e , C artilag o  th y ro id ea ; v ie w  fro m  the  
le f t s ide.
The  th y ro id  ca rtilage  is co m po se d  o f tw o  lam inae (Lam ina dextra  and 
Lam ina sin is tra ) w ith  a su pe rio r and an in fe rio r horn.

Fig. 11 .23  T h yro id  cartilag e , C artilag o  th y ro id ea ; ventra l v iew . 
B oth  lam inae o f th e  th y ro id  cartilage jo in  a t an ang le  o f 90° and 120° in 
m en  and w o m e n , respective ly .

Cartilago corniculata
/ Cartilago arytenoidea

* ^ /  I Proc. muscularis

Proc. vocalis;
Lig. vocale

Facies
articularis
thyroidea

Colliculus 

Fovea triangularis 

Crista arcuata

Proc.
muscularis

Arcus cartilaginis cricoideae

Cartilago corniculata

Lig. crico-
arytenoideum
posterius

Lamina cartilaginis 
cricoideae

Lamina cartilaginis 
cricoideae

ir,lic

Cartilago corniculata

artilago arytenoidea 
Proc. muscularis

cricoarytenoideaLig. vocale

Arcus cartilaginis 
cricoideae

articularis 
thyroidea

Fig. 11 .24  Cricoid cartilag e , C artilag o  crico idea, and a ry ten o id  
c artilag es , C artilag in es  a ry ten o id eae; ventra l and dorsa l v iew s .
The  Lig. c ricoa ry te n o id e um  p os te riu s  e x te n ds  b e tw e e n  th e  c rico id  and 
a ry teno id  cartilages.

Fig. 11.25 Cricoid c a rtila g e , C artilag o  crico idea , and a ry ten o id  
cartilages, C artilag in es  a ry te n o id e a e ; v ie w  fro m  th e  le f t s ide.
The A rtic u la tio  cricoa ry teno idea , a d ia rth ro tic  jo in t, co nn e c ts  th e  crico id  
and a ry teno id  cartilages.

Fig. 11 .26  E p ig lo ttic  cartilag e , C artilag o  e p ig lo ttica ; dorsa l v iew . Fig. 11.27 C rico id  c a rtila g e , C artilag o  crico idea; ventra l and dorsa l
In co n tra s t to  th e  o th e r m a jo r hya line  laryngeal cartilages, th e  E p ig lo ttis  v iew .
is m ade  o f e las tic  ca rtilage . The crico id  ca rtilage  has th e  shape o f a s ig n e t ring.

i- Clinical Rem arks--------------------------------------
A t a bo u t 30  years  o f age, th e  o ss ifica tio n  o f th e  hyaline  laryngeal 
ca rtilage  (thyro id , crico id , and a ry teno id  cartilages) beg ins  and pro
g resses  w ith  age, w ith  m en  d isp lay ing  s tro n g e r o ss ifica tio n  than 
w o m e n . Fractu res  o f th e  la ryngea l ske leto n  (e.g. ca r acc iden ts) 
can re su lt in se ve re  o b s tru c tio n  o f th e  a irw ays w ith  d if f ic u ltie s  in 
phona tion  and b reath ing.

A fte r  su rg ica l exc is ion  o f th e  th y ro id  ca rtilage , fo r  exam p le  during  
th e  h e m ila ry n g e c to m y  o f a laryngeal ca rc inom a, th e  rem a in ing  la
m inae  o f th e  th y ro id  ca rtilage  can be ad jus ted  and co n n e c te d  w ith  
m a te ria l used fo r  o s te o syn the s is .
In rare cases, a cong e n ita l so fte n in g  o f th e  laryngeal cartilage (laryn - 
g o m alac ia ) can cause  d if f ic u ltie s  in b rea th ing  (dyspnoe).

Facies articulares arytenoideae

Lamina cartilaginis 
cricoideae

Lamina cartilaginis 
cricoideae

Arcus
cartilaginis
cricoideae Facies articularis thyroidea
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Hyoid bone and skeleton of the larynx

Cartilago thyroidea, Cornu inferius 

Articulatio cricothyroidea, Capsula

Cartilagines tracheales

Os hyoideum, Cornu majus 

Cartilago epiglottica

Cartilago triticea

Cartilago thyroidea, Cornu superius

Cartilago thyroidea, Lamina dextra

Incisura thyroidea superior

Lig. cricothyroideum medianum 
[(conicum)]

Arcus cartilaginis cricoideae

Lig. cricotracheale

Os hyoideum, Cornu minus 

Lig. thyrohyoideum laterale 

Membrana thyrohyoidea

Lig. thyrohyoideum medianum

Fig. 11 .28  Larynx, Larynx , and hyo id  bo ne . Os h yo id eu m ; ventra l sh ip  w ith  th e  laryngeal ske le to n . The  ind iv idua l parts  o f th e  laryngeal 
v iew . ske le to n  c o n n e c t by  syndesm oses and tru e  jo in ts  (d iarthroses).
D e ve lo pm e n ta lly  and fu n c tio na lly , th e  hyo id  bone  has a c lose  re la tion -

Corpus

Fig. 11 .29  Laryngea l cartilages, C artilag in es  la ryng is , and hyoid  
bone. Os h yo ideum ; dorsa l v iew .
Beneath  th e  M e m brana  th y ro h yo id ea  an ad ipose b ody  (C orpus adipo- 
sum  p ree p ig lo tticu m ) e x te n ds  in a crania l d irec tion  to  th e  Lig. hyoep i- 
g lo tt ic u m  and in a dorsocauda l d ire c tio n  to  th e  fro n ta l s ide  o f th e  Epi
g lo tt is . The  Lig. th y ro e p ig lo tt ic u m  a ttaches  th e  s ta lk  o f  th e  E p ig lo ttis  
(P e tio lus e p ig lo ttid is ) to  th e  ins ide  o f th e  th y ro id  cartilage.

T rue jo in ts  o f th e  Larynx are th e  A rticu la tio  crico thyro idea , th e  paired 
jo in t b e tw e e n  th e  c rico id  ca rtilage  (C artilago cricoidea) and th e  in fe rio r 
horns o f th e  th y ro id  cartilage (C artilago thyro idea) as w e ll as th e  A rtic u 
la tio  c rico ary ten o id ea  b e tw e e n  th e  c rico id  and a ry te n o id  cartilages 
(Cartilago arytenoidea). The  Lig. c ricoa ry te n o id e um  and th e  Lig. crico- 
pha ryngeum  act as dorsa l re ins fo r  th e  a ry teno id  cartilage.

Os hyoideum, Cornu minus

Os hyoideum, Cornu majus

Lig. thyrohyoideum laterale 

Membrana thyrohyoidea

Cartilago thyroidea, Cornu superius

Cartilago corniculata

Cartilago thyroidea, Lamina dextra

Articulatio cricoarytenoidea, 
Capsula articularis

thyroidea, Cornu inferius

Articulatio cricothyroidea, 
Capsula articularis

Cartilago epiglottica

Cartilago triticea

adiposum preepiglotticum 

Petiolus epiglottidis

Lig. thyroepiglotticum

Cartilagines tracheales

Articulatio cricothyroidea, Capsula

Lamina cartilaginis cricoidea

Lig. cricotracheale

Cartilago arytenoidea

Lig. cricoarytenoideum
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Hyoid bone and skeleton of the larynx

Cartilago epiglottica

Os hyoideum Membrana thyrohyoidea

Lig. thyrohyoideum medianum 

Petiolus epiglottidis 

Lig. thyroepiglotticum

Cartilago thyroidea 

Lig. vocale

Conus elasticus 

Lig. cricothyroideum medianum 

Arcus cartilaginis cricoideae

Cartilagines tracheales

Lig. cricopharyngeum

Lamina cartilaginis cricoideae

Facies articularis thyroidea

Cartilagines arytenoideae 

Lig. cricoarytenoideum

Proc. vocalis

Fig. 11.30 Larynx , Larynx, and h yo id  bo ne . Os h yo id eu m ; v ie w  
o n to  th e  Lig. voca le  and th e  a ry te n o id  ca rtilage  fro m  th e  le f t  s ide ; th e  
le f t lam ina o f th y ro id  cartilage has been rem oved .
The  crico id  (Cartilago crico idea) and a ry teno id  ca rtilages (Cartilago ary- 
teno idea) a rticu la te  in th e  A rtic u la tio  cricoa ry teno idea . The  a rticu la r su r
fa ce s  o f th e  c rico id  ca rtilage  are co nve x  and oval in size (cy linder

shaped, -» Fig. 11.27); th e  a rticu la r su rfa ce  o f th e  a ry teno id  cartilage is 
concave  and m o re  round. Th is  shape o f th e  a rticu la r ca rtilag inous co m 
p on e n ts  and th e  Lig. c ricoa ry te n o id e um  (poste rius) p rov ide  s ta b ility  to  
th e  jo in t. Functiona lly , th is  lig a m en t gu ides th e  a ry teno id  cartilage and 
co un te ra c ts  th e  fo rc e s  o f th e  Lig. vocale.

Tendon of the Lig. vocale*

Nodulus elasticus anterior (Macula flava anterior) 

Lig. vocale

Nodulus elasticus posterior (Macula flava posterior) 

Articulatio cricoarytenoidea 

Proc. vocalis

Commissura anterior

Cartilago thyroidea 

Cartilago cricoidea 

Cartilago arytenoidea

Fig. 11.31 Larynx , Larynx, and h yo id  bo ne . Os h yo ideum ;
su pe rio r v iew .
The  c ricoa ry te n o id  jo in t p e rm its  h inge  and slid ing  m o tio n s  paralle l to  
th e  cylind rica l axis; th is  jo in t p rim a rily  su p p o rts  th e  open ing  and c losure  
o f th e  space b e tw e e n  th e  voca l lig a m en ts  (G lo ttis , R ima g lo ttid is ) and 
a lso keeps te n s io n  on th e  vocal lig a m e n t (Lig. vocale). A  h inge-like  o u t
w a rd  ro ta tion  re su lts  in e leva tion  and a bduc tion  o f  th e  Proc. vocalis  
and, co nse cu tive ly , an o p en ing  o f th e  G lo ttis . Inw ard  ro ta tion  th rough

th e  h inge  as w e ll as dep ress ion  and adduction  o f th e  Proc. vocalis  
cause th e  occlusion o f th e  G lo ttis . These  h inge-like  m o v e m e n ts  can 
co m b in e  w ith  g lid ing  m o tion s , w h e re b y  ventra l o r dorsa l m o v e m e n t 
o ccurs  during  a bduc tion  and a dduc tion  o f th e  a ry teno id  ca rtilage , res
pective ly . The Lig. voca le  and th e  Lig. ve s tibu la re  c o n n e c t th e  a ry teno id  
and th y ro id  cartilages.

*  BR O Y LE 's tendon

Clinical Rem arks--------------------------------------
D is location  o f th e  a ry te n o id  ca rtilage  in a d orso la te ra l o r m ed ioven- 
tra l d irec tion , ca lled  a ry lu x a tio n , is a p o ten tia l com p lica tio n  during  
endo trachea l in tuba tion  o r ex tu b a tio n , la ryngoscopy, and b ronchos
copy. The  p a tie n t has a hoarse  vo ice  s ince  th e  vocal lig a m en t on th e  
a ffe c te d  s ide  is im m ob ile . D isp lace m e n t o f th e  a ry teno id  cartilage 
can be caused by  b leed ing  in to  th e  a rticu la r ca v ity  o r in fla m m a to ry

sw e llin g  upon in ju ry  o f synovia l m e m bra n e  fo ld s . The  d isp laced  ary
te n o id  cartilage is k e p t in p lace  by  m u sc le  co n tra c tion s . Th is  cond i
tio n  can re su lt in adhes ions o f a rticu la r su rfaces  and su bse q u en tly  
a nky los is  can occur. An ary luxa tion  m u s t be  d is tin g u ish e d  fro m  a 
nerve  lesion.

182



Thyro id  gland -► Topography

Skeleton of the larynx

Os hyoideum 

Lig. hyoepiglotticum 
Bursa infrahyoidea

Lig. thyrohyoideum medianum 

Corpus adiposum preepiglotticum 

Lig. thyroepiglotticum

Lig. vestibuläre 

Lig. vocale 

Lig. cricothyroideum medianum

Ligg. anularia

Cartilago epiglottica 

Membrana thyrohyoidea 

Cartilago thyroidea, Cornu superius

Cartilago thyroidea, Lamina dextra 

Lig. cricopharyngeum 

Cartilago arytenoidea 

Lig. cricoarytenoideum

Lig. cricopharyngeum 

Lamina cartilaginis cricoideae 

Pharynx, Tunica mucosa

Trachea, Paries membranaceus

Fig. 11 .32  Larynx, Larynx , and hyo id  bo ne . Os h yo ideum ; m edian 
sec tion , m ed ia l v iew .
The A rticu la tio n e s  crico thy ro id ea e  c o n n e c t th y ro id  and crico id  ca rtila 
ges. The  crico id  and a ry teno id  ca rtilages a rticu la te  in th e  A rtic u la tio  c ri
coary teno idea . The  a ry teno id  and th y ro id  ca rtilages are co nn e c te d  by

th e  Lig. voca le  and th e  Lig. ve s tibu la re . The  Lig. c ricoa ry te n o id e um  and 
Lig. c ricopha ryngeum  act as a dorsa l rein o f th e  a ry teno id  cartilage. 
Lateral and in fro n t o f th e  E p ig lo ttis  th e  C orpus a d iposum  p re e p ig lo tti
cum  is v is ib le .

Cartilago arytenoidea

Fig. 11.33 Laryngea l cartilages, C artilag in es  la ryng is , and vocal 
lig a m e n t, Lig. voca le ; cran ioventra l v iew .
The paired  Lig. voca le  s tre tc h e s  b e tw e e n  th e  Proc. voca lis  o f th e  a ry te 
no id  ca rtilage  (Cartilago a ryteno idea) and th e  ins ide  o f th e  th y ro id  ca rti
lage s h o rtly  b e lo w  th e  Incisura thyro idea  supe rio r. The C onus e lasticus

is an e la s tic  m e m bra n e  and e x te n ds  b e tw e e n  th e  Lig. voca le  and th e  
upper rim  o f th e  c rico id  ca rtilage . The  C onus e las ticus  d ire c ts  th e  air
f lo w  fro m  th e  lungs in th e  d ire c tio n  o f th e  Ligg. vocalia . The  s tro n g  Lig. 
c ricoa ry te n o id e um  is v is ib le  on  th e  dorsa l a spe c t o f th e  a ry teno id  carti
lage.

i- Clinical Rem arks--------------------------------------
The crico -a ry teno id  jo in t n o t o n ly  co n ta in s  th e  sam e ex trace llu la r 
m a tr ix  as jo in ts  o f th e  e x tre m itie s , b u t can a lso be  a fflic te d  by  the  
sam e jo in t d iseases as th e  larger jo in ts  o f th e  lim bs. D egenera tive  
a lte ra tions  o f th e  cartilage (arth rosis  o r d e g e n e ra tiv e  a rth ritis ) are

co m m o n  in o ld e r pe rsons and a ffe c t phona tion  and qua lity  o f vo ice  
due  to  im p ro p e r occ lus ion  o f th e  G lo ttis  by  th e  voca l ligam en ts . In 
add ition , th e  c rico -a ry teno id  jo in t can d eve lop  in fec tio us  a rth ritis  
and rh e u m a to id  arth ritis .

Articulatio cricothyroidea

Incisura thyroidea superior

Cartilago thyroidea

Lig. vocale Arcus cartilaginis cricoideae

Conus elasticus Conus elasticus

Cartilago corniculata

Lamina cartilaginis cricoideae

Proc. vocalis

Proc. muscularis

Cartilago thyroidea, Cornu superius

Lig. cricoarytenoideum
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Laryngeal muscles

M. cricothyroideus, Pars obliqua

Os hyoideum, Cornu minus 

Os hyoideum, Corpus 

Membrana thyrohyoidea 

Lig. thyrohyoideum medianum

Incisura thyroidea superior

Cartilago thyroidea, Cornu superius

Cartilago thyroidea, Lamina sinistra

Linea obliqua

Lig. cricothyroideum medianum

Arcus cartilaginis cricoideae

Cartilago thyroidea, Cornu inferius 

Capsula articularis cricothyroidea

M. cricothyroideus, Pars recta Cartilagines tracheales

Os hyoideum, Cornu majus

Lig. thyrohyoideum laterale 

Cartilago triticea

Fig. 11 .34  C rico thyro id  m uscle , M . c rico thyro ideus; ventra l v ie w  
fro m  th e  le f t s ide.
The  crico id  ca rtilage  (Cartilago crico idea) and th e  th y ro id  cartilage (Car
tilag o  thyro idea) a rticu la te  in th e  le f t and righ t A rtic u la tio  c rico thyro idea . 
These  are sphero ida l jo in ts  w ith  a firm  jo in t capsu le . Th is  jo in t a llow s

h inge-like  m o tio n s  in th e  tra n sve rse  ax is  and sm a ll g lid ing  (transla tory) 
m o v e m e n ts  in th e  sag itta l plane. C on trac tion  o f th e  M . c r ico thy ro id eu s  
increases th e  te n s io n  o f th e  voca l fo ld s  {-» Fig. 11.35).

—► T  6

Cartilago thyroidea

elasticus posterior 
(Macula flava posterior)

Proc. vocal is

arytenoidea

Lig. vocale

Articulatio cricothyroideaCartilago cricoidea

Nodulus elasticus anterior 
(Macula flava anterior)

Fig. 11.35 C rico thyro id  m uscle , M . c rico thyro ideus; la tera l v iew . 
C on trac tion  o f th e  M . c r ico thy ro id eu s  causes th e  a n te rio r p a rt o f th e  
th y ro id  cartilage (Cartilago thyro idea ) to  rock  to w a rd s  th e  arch o f th e  
c rico id  cartilage (A rcus ca rtilag in is  crico ideae). Th is  re su lts  in th e  e lon
gation  o f  th e  vocal lig a m en t w h ic h  is n o w  under increased  tens ion . 
D uring  th is  rock ing  m o v e m e n t, th e  a ry teno id  ca rtilages (Cartilagines 
a ry teno ideae) are s tab ilised  by  th e  ac tion s  o f th e  M . c ricoa ry teno ideus  
p o s te rio r and th e  Lig. c ricoa ry te n o id e um .

B iom echanics o f th e  vocal folds: The s tru c tu re s  a t th e  inse rtion  s ite  
o f th e  voca l lig a m en ts  (N odu li e lastic i a n te rio re s  and poste rio res ,
BR O Y LE 's te n d o n  o f th e  Lig. vocale, -» Fig. 11.48) have b iom echan ica l 
fu n c tio n s  during  th e  v ib ra tion  o f th e  Plicae voca les  by  equa lis ing  the  
d iffe re n t e la s tic  m o du le s  o f th e  vocal ligam en t, cartilage, and bone. 
Th is  p reve n ts  th e  voca l lig a m en ts  fro m  ru p tu rin g  a t th e ir  inse rtion  
p o in ts  du ring  v ib ra tion .

—► T  6

Clinical Remarks
B en ign  o r m a lignan t a lte ra tio n s  in th e  reg ion  o f th e  vocal fo lds
re su lt in in co m p le te  occ lus ion  o f th e  G lo ttis , hoarseness, and in dys
pnoea b rea th ing  a t advanced  s tages o f th e  d isease. The  Lig. c rico 
th y ro id e u m  m e d ia n um  (Lig. con icum ) e x te n ds  b e tw e e n  th e  th y ro id

and crico id  ca rtilages and can be easily  pa lpa ted  here . In an e m e r
g en cy  case, if b rea th ing  fu n c tio n s  are co m p ro m ise d , th e  ligam en t 
can be s p lit to  in se rt a b rea th ing  tu b e  (-*  Fig. 11.4).
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Laryngeal muscles

Cartilago triticea

Cartilago cuneiformis

M. arytenoideus obliquus, 
Pars aryepiglottica

Cartilago corniculata 
Cartilago arytenoidea

M. arytenoideus transversus

Capsula articularis cricothyroidea —  

Cartilago cricoidea, Lamina

Cartilago thyroidea, Cornu inferius 

M. cricoarytenoideus posterior

Cartilago thyroidea, Cornu superius

M. thyroarytenoideus, 
Pars thyroepiglottica

M. thyroarytenoideus

M. arytenoideus obliquus

Epiglottis
Os hyoideum, Cornu majus

Trachea, Paries membranaceus

Cartilago trachealis

Fig. 11.36 Laryngea l m uscles, M m . la ryngis; dorsal v iew .
The  ac tion s  o f th e  M m . laryng is d e te rm in e  th e  shape o f th e  Rima g lo t- 
tid is  and th e  te n s io n  o f th e  voca l ligam en t. The M . c ricoary teno ideus  
p o ste rio r ("p o s tic u s") is m a in ly  respons ib le  fo r  th e  abduction  and e le 
va tion  o f th e  Proc. voca lis  o f th e  a ry teno id  cartilage re su ltin g  in th e  
w id e n in g  o f th e  G lo ttis  as p a rt o f th e  insp ira tion . A ll o th e r m u sc le s  th a t 
ac t on th e  space b e tw e e n  th e  vocal fo ld s  cause  th e  narrow ing  o f th e  
G lo ttis  and inc lude  th e  M . a ry te n o id e u s  tran sversu s  and M . a ry te n o -

ideus o b liq uus  as w e ll as th e  M m . c ricoary teno ide i la te ra les
( -  Fig. 11.37).
W h ispe ring  is m ade  p oss ib le  by  th e  iso la ted  co n tra c tion  o f  th e  M . cri
co a ry te no ide u s  la tera lis , w h ic h  re su lts  in th e  so-called "w h is p e rin g  
tr ia n g le " , th e  fo rm a tio n  o f a sm a ll tr ia ng u la r open ing  in th e  p os te rio r 
p a rt o f th e  R im a g lo tt id is  (-» Fig. 11.43).

—► T 6

M. arytenoideus, Pars obliqua- 

M. arytenoideus, Pars transversa

ls. cricoarytenoideus posterior (M. posticus)

Fig. 11.37 Laryngea l m uscles. M m . la ryngis; dorsal v ie w  fro m  an 
o b lique  angle.
In th is  pa rticu la r v ie w , th e  M . c ricoa ry te n o id e us  la tera lis and th e  Pars 
in te rna  o f th e  M . th y ro a ry te n o id e u s  (M . vocalis) are v is ib le . The  M . c ri
co a ry te no ide u s  la te ra lis  c loses th e  R im a g lo ttid is . "F in e -tu n in g "  o f 
th e  vocal fo lds  is p e rfo rm e d  by th e  M . vocalis  (Pars in terna o f th e  M . 
thyro a ry te no ide u s). Its  m u sc le  fib re s  run para lle l to  th e  Lig. voca le  and

to  th e  voca l fo ld . The  m u sc le  c rea tes  a cush ion  w h ic h  ac ts  like the  
m o u th p ie ce  o f a p ipe. The te n s io n  o f th is  m o u th p ie ce  is regu la ted  by 
is o m e tr ic  m u sc le  co n tra c tion s  and its  leng th  is s h o rte ne d  by  iso ton ic  
m u sc le  co n tra c tion s . Thus, th e  a c tion s  o f th e  M . voca lis  have an im po r
ta n t im p a c t on  so un d  qua lity  and vocalisa tion .

—► T 6

C lin ica l R e m ark s
The param edian p os itio n in g  o f th e  Plica voca lis  is caused by  th e  iso
la ted  unila te ra l paralysis  o f th e  p o ste rio r c ricoary teno id  m uscle;
its  b ila te ra l para lysis re su lts  in a na rro w in g  o f th e  G lo ttis  w ith  d if f ic u l
tie s  in b rea th ing  and p o ten tia l death  by  choking .

D ysphonia  re fe rs  to  all s igns  o f a phona tion  d iso rde r. Th is  inc ludes 
hoarseness o f th e  vo ice  in p a tie n ts  w ith  un ila te ra l para lysis o f th e  
p os te rio r c ricoa ry te n o id  m usc le . A p h o n ia  is th e  inab ility  to  speak.

Incisura thyroidea superior 

Commissura anterior

M. thyroarytenoideus, Pars interna (M. vocalis) 

Conus elasticus 

M. cricoarytenoideus lateralis

Ligg. vocalia

Noduli elastici anteriores (Maculae flavae anteriores)
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Levels and inner relief of the larynx

Fig. 11.38 Larynx , Larynx; dorsa l v ie w ; th e  Larynx w a s  se c tion e d  
fro m  dorsa l in th e  m edian  p lane and separa ted  w ith  hooks.
On th e  le f t  s ide , th e  m ucosa l lin ing is s h o w n ; on  th e  righ t s ide , th e  
laryngeal m u sc le s  (M . voca lis  [=  Pars in te rna  o f th e  M . th y ro a ry te no ide - 
us], M m . c rico thy ro id eu s , and cricoa ry te n o id e us  latera lis), th e  ca rtila 
ges  (E p ig lo ttis , a ry teno id , c rico id , and th y ro id  ca rtilages as w e ll as th e  
sm a ll laryngeal cartilages), and th e  m ucosa l fo ld s  (Plicae ve s tibu la ris  
and vocalis) are d ep ic ted .

' T 6

Fig. 11.39 C o m p a rtm e n ts  o f th e  la rynx , Larynx.
C lin ic ians d iv ide  th e  larynx in to  th e  fo llo w in g  spaces:
S u p ra g lo ttic  space (S up rag lo ttis ): This space e x te n d s  fro m  th e  A d i- 
tu s  la ryng is  to  th e  leve l o f th e  v e s tibu la r fo ld s  (Plicae ves tibu la res) and 
is d iv ided  into:
•  Epilarynx: laryngeal area o f th e  E p ig lo ttis , P licae a ryep ig lo ttica e  and 

a rye p ig lo ttic  fo lds
•  V e s tib u lu m  laryngis: P e tio lus e p ig lo ttid is , P licae ve s tibu la res  =  ven- 

tr icu la res , V e n tr icu lu s  laryng is =  M O R G A G N I's  ve n tric le
G lo ttic  space (G lo ttis ): The area e x te n d s  fro m  th e  fre e  rim  o f th e  vo 
cal fo ld s  as opposed  to  th e  " tra n s g lo ttic  s p a ce " w h ic h  e ncom passes 
th e  space b e tw e e n  G lo ttis , v e s tibu la r fo lds , and V e n tricu li laryngis. The 
an te rio r p a rt o f th e  G lo ttis  inc lud ing  th e  an te rio r c o m m issu re  (C om m is- 
sura ante rio r) is kn ow n  as Pars in te rm em branacea ; th e  dorsa l p a rt o f 
th e  G lo ttis  b e tw e e n  th e  a ry te n o id  ca rtilages is th e  Pars in te rca rtilag inea  
(-» Fig. 11.43) and c o n s titu te s  tw o -th ird s  o f th e  Rima g lo ttid is . In th e ir  
dorsa l part, th e  voca l fo ld s  end a t th e  tra n s itio n  o f th e  Pars in te rca rtila 
g inea in to  th e  Plica in te ra ry teno idea  (-» Fig. 11.43).
S u b g lo ttic  space (S ub g lo ttis ): The S u b g lo ttis  is th e  space th a t e x t
ends b e lo w  th e  voca l fo ld s  to  th e  lo w e r rim  o f th e  c rico id  cartilage 
(Cartilago cricoidea). It is a conica l space  b e tw e e n  th e  fre e  m arg in  o f 
th e  voca l fo ld , th e  area b e lo w  th e  vocal fo ld , and th e  lo w e r m arg in  o f 
th e  c rico id  ca rtilage . The cranial b o rd e r o f th e  S u b g lo ttis  is th e  m acro- 
scop ica lly  v is ib le  L inea arcuata in fe rio r (-*  Fig. 11.49) o f th e  Plica voca
lis. The  caudal b o rd e r is a t th e  leve l o f th e  lo w e r rim  o f th e  c rico id  ca rti
lage. C ran io la te ra lly, it is co n fin e d  by th e  C onus e lasticus, and fu rth e r 
cauda lly  by  th e  c rico id  ca rtilage . The caudal p a rt o f th e  S u b g lo ttis  as
su m es a cylind rica l shape, and tape rs  o f f  a t its  cranial end  due to  th e  
shape o f th e  C onus e las ticus . The  ventra l b o rd e r is th e  Lig. c rico thy ro i- 
deum  m e d ia n um  (Lig. con icum ), and th e  c rico id  cartilage is th e  dorsa l 
dem arca tion .

Supraglottic space 
(supraglottis)

Transglottic space 
(glottic space, glottis)

L Subglottic space 
(subglottis)

C lin ica l R e m arks
The above  m e n tio n e d  co m pa rtm e n ta lisa tio n  o f  th e  Larynx is im po r
ta n t in d ia g n os tic  im ag ing  te ch n iq u e s  fo r  th e  s tag ing  o f th e  e x te n t of 
local tu m o u r  g ro w th . The sp ira l c o m p u te d  to m o g ra p h y  (spira l CT) 
w ith  th in  s lic ing  m ode  is th e  re co m m e n d e d  d ia g n os tic  p rocedu re  fo r

Larynx im ag ing . A lth o u g h  m a g n e tic  resonance  im ag ing  (M RI) has 
th e  h ig h e s t se n s itiv ity  o f all im ag ing  te ch n iq u e s  fo r  tu m o u r s tag ing, 
th is  m e th o d  is p rone to  im ag ing  a rtifa c ts  by  p a tie n t m o ve m e n ts .

Cartilago corniculata 
Plica vestibularis 

M. arytenoideus transversus 
Cartilago arytenoidea 

M. arytenoideus obliquus 
Plica vocalis 

M. vocalis 
M. cricothyroideus 

M. cricoarytenoideus lateralis 
M. cricoarytenoideus posterior

Cartilago cricoidea, Lamina

Cartilago trachealis

Tuberculum cuneiforme 
laryngis

Os hyoideum, Cornu minus 

Os hyoideum, Cornu majus 

Epiglottis 
Cartilago triticea

Cartilago thyroidea, 
Cornu superius 
Cartilago cuneiformis
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Laryngoscopy

Figs. 11.40a and b Laryngoscopy.
a in d ire c t la ryngoscopy 
b d ire c t, e ndoscop ic  la ryngoscopy

Epiglottis

Commissura anterior 
Nodulus elasticus anterior (Macula flava anterior) 

Plica vestibularis 

Plica vocalis

Nodulus elasticus posterior (Macula flava posterior)

Tuberculum cuneiforme 

Tuberculum corniculatum

Fig. 11.41 D irec t laryngscopy; re sp ira to ry  pos ition .

Epiglottis

Epiglottis

Ventriculus laryngis 

Plica vocalis

Recessus piriformis 

Incisura interarytenoidea

Plica vestibularis

Plica aryepiglottica

Recessus piriformis

Pars intermembranacea

Pars intercartilaginea 

Plica interarytenoidea

Rima
glottidis

Fig. 11.42 D irec t laryngscopy; phona tion  pos ition . Fig. 11.43 D irec t laryngscopy; w h is p e rin g  position .

C lin ica l R e m a rk s ---------------------------------------
P ersons w h o  s tre s s  th e ir  vo ice  in a s tre n u ou s  o r abus ive  m a nn e r are 
a t risk o f d eve lop ing  vocal cord or s ing er's  nodu les  loca ted  a t the  
fre e  m arg in  o f th e  vocal ligam en t. W e a kne ss  o f th e  M . a ry te n o id eu s  
m ay  re su lt in an in co m p le te  o cc lus ion  o f th e  Pars in te rca rtilag inea  o f 
th e  g lo tt is  (open w h is p e r triang le ), resu lting  in a w e a k  and b rea thy  
vo ice .

The  m o s t fre q u e n tly  obse rved  ben ign  tu m o u rs  o f th e  Plica vocalis  
are polyps; squam ous cell carc in om as are th e  m o s t fre q u e n t m a
lignan t tu m o u rs . P ro longed in tuba tion  can lead th e  fo rm a tio n  o f an 
in tu b a tio n  g ra n u lo m a  in th e  Pars in te rca rtilag inea .
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Inner relief of the larynx

Vestibulum laryngis

Ventriculus laryngis

Cavitas infraglottica

Lig. hyoepiglotticum

Corpus adiposum preepiglotticum

Os hyoideum 

Bursa infrahyoidea 

Lig. thyrohyoideum medianum

Lig. thyroepiglotticum 

Cartilago thyroidea

Plica vestibularis

Ventriculus laryngis 

Plica vocalis

Lig. cricothyroideum medianum 

Arcus cartilaginis cricoideae

Cartilagines tracheaies 

Isthmus glandulae thyroideae

Radix linguae

îrtiiago epiglottica

Trachea, Paries membranaceus

(Spatium oesophagotracheale) 

Trachea

Tuberculum cuneiforme 

Tuberculum corniculatum 

M. arytenoideus transversus

Lamina cartilaginis cricoideae

elasticus

Fig. 11 .44  Larynx , Larynx; m idsag itta l sec tion .
The  paired  voca l fo ld  (Plica vocalis) loca tes  b e lo w  th e  paired ve s tibu la r 
fo ld  (Plica ves tibu la ris ) in th e  m idd le  laryngeal co m p a rtm e n t. The lar
g e s t p a rt o f th e  laryngeal ca v ity  (Cavitas laryngis) is lined by resp irato ry  
e p ith e liu m . N o n -k e ra tin ize d  s tra tified  squ am o u s  e p ith e liu m  is 
c o m m o n ly  p re s e n t in so m e  areas o f th e  Larynx, w h ile  in o th e r areas 
th is  typ e  o f su rface  e p ith e liu m  is o n ly  obse rve d  occas iona lly  w ith  large 
in te rind iv idua l va ria tions . N on-ke ra tin ised  s tra tifie d  squam ous  e p ith e li

um  is c o m m o n ly  loca lised  to  th e  voca l fo ld s  covering  th e  Lig. vocale. 
Th is  e p ith e liu m  sp reads a long th e  m ucosa l lin ing o f th e  a ry te n o id  ca rti
lages and se am le ss ly  tra n s itio n s  in to  th e  s tra tifie d  squam ous  E p ithe li
um  o f th e  H ypopharynx. S quam ous e p ith e liu m  covers  th e  lingual area 
o f th e  e p ig lo ttis . The  d is tr ib u tio n  o f re sp ira to ry  and squam ous  e p ith e li
um  on th e  Plicae ve s tibu lä res  and in th e  e n tire  laryngeal ca v ity  is sub 
je c t to  s ig n ifica n t va ria tions  s p e c ific  to  each ind iv idua l. W ith  increasing  
age, laryngeal a reas covered  w ith  squam ous  e p ith e liu m  increase.

Fig. 11.45 Larynx , Larynx, p o s ition  o f th e  E p ig lo ttis  during  S w a llo w in g  invo lves  a change  in th e  pos itio n  o f th e  s tru c tu re s  o f th e
s w a llo w in g ; m idsa g itta l se c tion . laryngeal o rifice . The  E p ig lo ttis  is pushed  d o w n w a rd . The p re -e p ig lo ttic

fa t  b ody  m o ves  dorsa lly , th e  A d itu s  la ryng is  b eco m e s narrow .

C lin ica l R e m a rk s ---------------------------------------------------------------------------------------------------------------
The c lin ical te rm  "v o c a l c o rd "  is ana tom ica lly  inco rre c t; th is  te rm  In th e  Larynx, th e  a m o u n t o f squam ous  e p ith e liu m  increases w ith
shou ld  be reserved  fo r  th e  Lig. vocale . age and can be th e  so u rce  o f m a lignan t laryngeal squam ous cell

carc inom a.

Lig. hyoepiglotticum

Cartilago epiglottica

Tuberculum cuneiforme 

Tuberculum corniculatum

M. arytenoideus transversus 

Lamina cartilaginis cricoideae

Radix linguae 

Corpus adiposum preepiglotticum 

Os hyoideum

Lig. thyrohyoideum medianum

Lig. thyroepiglotticum

Cartilago thyroidea

Arcus cartilaginis cricoideae

Cartilagines tracheales
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Rr. linguales

N. glossopharyngeus [IX]

A. palatina ascendens, R. tonsillaris

Arteries and nerves of the larynx
Papillae vallatae

N. glossopharyngeus [IX]

Rr. tonsillares

Os hyoideum, Cornu majus

N. laryngeus superior, R. internus 

A. larynges superior

Cartilago thyroidea, Cornu superius 

Aditus laryngis 

Incisura interarytenoidea

Cartilago thyroidea, Lamina sinistra

Tonsilla palatina

Epiglottis

Vallecula epiglottica

N. laryngeus superior, Rr. interni

Membrana thyrohyoidea

Ansa GALENI

—  Pars obliqua
f M. arytenoideus

Pars transversa

Cartilago thyroidea, Cornu inferius

A. laryngea inferior

Rr. tracheales 

A. thyroidea inferior 

N. laryngeus recurrens, Rr. oesophageales

M. cricoarytenoideus posterior 

Glandula thyroidea 

Glandula parathyroidea superior

parathyroidea inferior

N. laryngeus recurrens

Fig. 11.46 A rte rie s  and nerves o f th e  la rynx . Larynx , and ro o t of 
th e  to n g u e . R ad ix  lingu ae; dorsal v iew .
The  A. laryngea su pe rio r b ranches o ff  th e  A. th y ro id e a  supe rio r, p e rfo 
ra tes th e  M e m brana  th y ro h yo id ea  b e lo w  th e  Cornu m a jus o f  th e  hyoid 
bone, and d iv ides  in to  sm a lle r b ranches w ith in  th e  m ucosa  o f th e  Re- 
cessus p irifo rm is . H ere , th e  A . laryngea supe rio r has m u ltip le  anasto 
m o ses  and co lla te ra ls  w ith  th e  A. laryngea in ferio r.
The  Larynx rece ives  b ila te ra l inne rva tion  th ro u gh  tw o  branches o f th e  
N. vag us [X]:
•  The N . la ryngeus s uperio r d iv ides  in to  a R. in te rn u s  and a R. e x te r- 

nus (-» Fig. 11.81). The  R. in te rn u s  p ro je c ts  latera l in th e  w a ll o f th e  
P harynx and, jo in tly  w ith  th e  A. laryngea supe rio r, passes th ro u gh  
th e  M e m brana  th y ro h yo id ea  in to  th e  Larynx w h e re  it p rov ides  sen 

so ry  inne rva tion  fo r  th e  s u p ra g lo ttic  m ucosa , th e  m ucosa  o f th e  Val- 
lecu lae ep ig lo tticae , and th e  E p ig lo ttis . S ensory  innerva tion  o f th e  
laryngeal m ucosa  is ve ry  dense  (cough re flex). A p a rt fro m  its  m o to r 
and senso ry  fib res , th e  N. la ryngeus su pe rio r a lso co n ta in s  m any 
para sym p a th e tic  f ib re s  fo r  th e  inne rva tion  o f g lands.

•  The  N . la ryngeus recurrens (in ferio r) p rov ides  m o to r innerva tion  
fo r  th e  inne r laryngeal m usc les . The  inne rva tion  o f  th e  paired  M . 
c ricoa ry te n o id e us  p o s te rio r and M . a ry te n o id eu s  on th e  p os te rio r 
s ide  o f th e  Larynx is s h o w n . The co nn e c tio n  b e tw e e n  th e  N. laryn
g eus  su pe rio r and th e  N. la ryngeus in fe rio r is ca lled  Ansa GALENI 
(G A LE N 's anastom osis ). For d e m o n s tra tio n  o f th e  course  o f th e  Nn. 
larynge i re cu rre n te s  -» F igures 11.21 and 11.56.

i- C lin ica l R e m a rk s ---------------------------------------
Lesions o f th e  N . la ryngeus s uperio r cause a reduction  in senso ry  
a b ilitie s  (fre q ue n t choking ), and para lysis o f th e  M . c rico thy ro id eu s . 
In s u ffic ie n t te n s io n  on th e  vocal fo ld s  w ill re su lt in th e  inco m p le te  
o cc lus ion  o f th e  G lo ttis  and phona tion  d iso rders .

A cu te  o e d e m a  a t th e  e n tran ce  o f th e  Larynx (e.g. due  to  a llergic 
reactions) can d eve lop  qu ick ly  in th e  loose co nn e c tive  tis s u e  and 
cause  severe  d if f ic u ltie s  in b rea th ing .
A cu te  b ac teria l in fectio ns  o f th e  E p ig lo ttis  o ccu r m o s t fre q u e n tly  
in ch ild ren  and can cause  a cu te  and life -th re a te n in g  o b s tru c tio n s  o f 
th e  a irw ays.
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Larynx, transverse sections

Cartilago arytenoidea

Sacculus laryngis laryngis

Recessus piriformis Cavitas pharyngis

M. constrictor pharyngis 
medius

M. constrictor pharyngis 
inferior

Mm. arytenoidei 
transversus et obliquus

Plexus venosus pharyngeus

Cartilago thyroidea, 
Lamina sinistra

Glandulae laryngeales

Rima glottidis

N. laryngeus superior, R. internus 

A. laryngea superior 

Vv. laryngeae superiores

Plica vestibularis

M. thyroarytenoideus

M. vocalis

Ventriculus laryngis

Plica vocalis

Fig. 11.47 Larynx , Larynx; transve rse  se c tion  at th e  leve l o f the  
v e s tib u la r fo lds .
The  v e s tibu la r fo ld s  (Plicae ves tibu lä res) con ta in  m u ltip le  se rom u co u s  
g lands (G landulae laryngeales) w h ic h  se rve  to  m o is te n  th e  vocal fo lds .

The w h ite  a rro w  ind ica tes  th e  c o nn e c tio n  b e tw e e n  th e  laryngeal ve n 
tr ic le  and th e  laryngeal saccule . P oste rio r to  th e  Larynx, th e  laryngo- 
pharynx w ith  th e  R ecessus p ir ifo rm is  are v is ib le .

N. laryngeus superior

A. laryngea superior

Vv. laryngeae superiores

Cartilago thyroidea,
Lamina sinistra

M. constrictor pharyngis inferior 
Lamina cartilaginis 
cricoideae

Nodulus elasticus anterior (Macula flava anterior) 

Lig. vocale

Rima glottidis,
Pars intermembranacea

M. vocalis

Nodulus elasticus posterior (Macula flava posterior)

M. thyroarytenoideus

Rima glottidis,
Pars intercartilaginea

Cartilago arytenoidea

Recessus piriformis

Tunica mucosa

M. cricoarytenoideus 
posterior

Tunica mucosa

Articulatio cricoarytenoidea

Cavitas pharyngis

Fig. 11.48 Larynx , Larynx; transve rse  se c tion  at th e  leve l o f th e  
voca l fo lds , P licae vocales.
The  se c tion  a t th e  leve l o f th e  tru e  ope n ing  o f th e  vocal lig a m en ts  (G lot
tis , R im a g lo ttid is ) d isp lays th e  m ucosa  (Tunica m ucosa) o f th e  vocal 
ligam en ts . The  fo llo w in g  s tru c tu re s  are a rranged fro m  th e  ins ide  to  th e  
o u ts id e  o f th e  G lo ttis : th e  vocal lig a m en t (Lig. vocale), th e  M . vocalis  
(Pars in te rna  o f th e  M . thyro a ry te no ide u s), and th e  Pars ex te rna  o f th e  
M . th y ro a ry te no ide u s . The  ca rtilage -free  p a rt o f th e  vocal fo ld  is th e

Pars in te rm em branacea , th e  p a rt b e tw e e n  th e  tw o  a ry teno id  cartilages 
is th e  Pars in te rca rtilag inea  (-» Fig. 11.43). In th e  fro n t, th e  vocal fo lds  
conve rge  on th e  th y ro id  cartilage. The  inse rtion  s ite  is described  as th e  
a n te rio r c o m m issu re . Here, th e  vocal fo ld s  in se rt via N odu li e las tic i an
te rio re s  and th e  te n d on  o f th e  voca l lig a m en t (BR O YLE 's te n d o n *) at 
th e  th y ro id  ca rtilage . D orsa lly  th e  Lig. vocale  a tta ch e s  a t th e  Proc. voca
lis o f th e  a ry teno id  cartilage via th e  N odu lus  e las ticus  poste rio r.
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Larynx, frontal section

Cartilago epiglottica

Os hyoideum

Membrana thyrohyoidea 

Membrana quadrangularis

Fascia cervicalis, 
Lamina pretrachealis

Lig. vestibuläre 

Rima vestibuli 

Ventriculus laryngis 

Cartilago thyroidea 

Lig. vocale 

Rima glottidis

Sacculus laryngis

Plica vestibularis

(Linea arcuata superior)

Plica vocalis

(Linea arcuata inferior)

M. thyroarytenoideus, 
(Pars externa)

M. cricoarytenoideus 
lateralis

M. thyroarytenoideus, 
Pars interna (M. vocalis)

M. cricothyroideus

Conus elasticus

Glandula thyroidea

Cavitas infraglottica

Cartilago cricoidea

Lig. cricotracheale

Vestibulum laryngis

M. thyroarytenoideus, Pars thyroepiglottica 
[(M. thyroepiglotticus)]

Trachea

Glandula parathyroidea inferior

Cartilago trachealis

Fig. 11 .49  Larynx, Larynx , and th y ro id  g lan d , G lan du la  
th y ro id ea ; fro n ta l sec tion .
N orm a lly , th e  voca l fo ld s  (Plicae vocales) ex te n d  beyond  th e  ve s tibu la r 
fo ld s  (Plicae ves tibu la res) and p ro trud e  m o re  in to  th e  lum e n  o f the  
Larynx, w h ic h  m akes th e m  a ccess ib le  fo r  inspec tion  by laryngoscopy. 
The voca l fo ld s  are co m po se d  o f an o u te r m ucosa , th e  Lig. vocale , fo l
lo w e d  cauda lly  by  th e  C onus e las ticus , and th e  M . voca lis  (Pars in terna 
o f th e  M . thyro a ry te no ide u s), and th e  Pars ex te rna  o f th e  M . th y ro a ry 
te n o id e us . Loca ted  a t bo th  s ides is th e  M . c r icoa ry te n o id e us  lateralis. 
B oth  vocal fo ld s  dem a rca te  th e  open ing  o f th e  voca l lig a m en ts  (G lo ttis ,

R im a g lo ttid is ) w h ic h  re p re se n ts  th e  part o f th e  Larynx respons ib le  fo r 
phona tion .
The  Lig. voca le  is lined by  a loose subep ithe lia l co nn e c tive  tis su e  layer 
b e tw e e n  th e  Linea arcuata su pe rio r and Linea arcuata in fe rio r w h ich  
p rov ides a fle x ib le  po te n tia l space (R EINKE's space, a rrow ). The  V en tri
cu lus  laryng is e x te n d s  in b e tw e e n  th e  voca l and v e s tib u la r fo lds . The 
e la s tic  M e m bra n a  quadrangu laris  fo rm s  th e  co nn e c tive  tis su e  fra m e 
w o rk  fo r  th e  laryngeal ve n tr ic le . The  th y ro id  g land w ith  its  tw o  lobes is 
loca ted  b e tw e e n  th e  c rico id  cartilage and th e  upp e r trachea l se m ic ircu 
lar cartilages.

[- C lin ica l R e m a rk s ---------------------------------------
An accum u la tion  o f flu id  in th e  R EINKE's space  c re a te s  a sw e llin g  o f 
th e  vocal fo lds , w h ic h  e x te n d s  in to  th e  G lo ttis  and re su lts  in hoarse
ness and dyspnoea  (REINKE's o e d e m a ). The R EINKE's oedem a has 
to  be d is tin g u ish e d  fro m  a g lo ttic  o e d e m a . In th e  la tte r, flu id  co ll
e c ts  in th e  Lam ina propria  o f th e  m ucosa  in th e  s u p ra g lo ttic  space

(e.g. due to  a lle rg ic  reactions) and, thus , th e  oedem a is loca ted  
above th e  G lo ttis . The oedem a re s tr ic ts  th e  a ir f lo w  th ro u g h  th e  G lo t
tis . Its s y m p to m s  can range fro m  s tr id o r (p itched  w h e e z in g  sound) 
to  hoarseness, dyspnoea  and p o te n tia lly  asphyxia .
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Thyroid gland

Cornu minus 

Cornu majus

Os hyoideum, Corpus

Cartilago thyroidea, Cornu superius

Cartilago thyroidea, Lamina dextra

M. cricothyroideus

Glandula thyroidea, Lobus dexter

Membrana thyrohyoidea

Prominentia laryngea

Lig. cricothyroideum medianum

Glandula thyroidea, Lobus sinister

Isthmus glandulae thyroideae

Fig. 11.50 Position o f th e  th y ro id  g lan d , G lan du la  th yro id ea ;
ventra l v iew .
The  th y ro id  g land (w e ig h t in an a d u lt 2 0 -2 5  g) is loca ted  b e lo w  th e

Larynx. The  G landula th y ro id e a  su rrou n d s  th e  upper p a rt o f th e  Trachea 
w ith  b ila tera l lobes (Lobus d e x te r and Lobus s in is te r) and an an te rio r 
is th m us .

M. longus colli

A.; V. vertebralis

A. thyroidea inferior

Cartilago trachealis

Glandula thyroidea, 
Lobus sinister

Glandula parathyroidea 
inferior

Fascia cervical is, 
Lamina prevertebralis

Isthmus glandulae thyroideae
Fascia cervicalis, Lamina superficialis

Spatium suprasternale
V. jugularis anterior

M. sternohyoideus

M. sternothyroideus 

M. sternocleidomastoideus

Trachea

Oesophagus

N. laryngeus recurrens

V. jugularis interna

A. carotis communis

N. vagus [X]

Plexus thyroideus impar

Fascia cervicalis, 
Lamina pretrachealis

Fig. 11.51 T h yro id  g lan d , G lan du la  th y ro id ea ; horizonta l sec tion . 
The  th y ro id  g land covers  th e  upp e r trachea l p a rt fro m  latera l and ven 
tra l. It is th e  la rg e s t endocrine  g land in th e  b ody  and se cre te s  th e  hor
m o ne s  th y ro x in e  (te tra iod o th y ro n in e , T4), tr iio d o th y ro n in e  (T3), and cal
c ito n in . The  g land is e nshea thed  in its  o w n  capsu le  and, to g e th e r w ith  
th e  Larynx, Trachea, O esophagus, and Pharynx, is su rrounded  by th e  
genera l organ fascia.

Placed a t th e  p o s te rio r s ide  o f each g landular lobe th e re  are tw o  gra in 
sized e p ithe lia l bod ies  (para thyro id  g lands, G lan d u lae  para th yro id eae)  
w e ig h in g  1 2 -5 0  m g, w h ic h  p roduce  th e  para thyro id  h o rm o n e  (PTH).
O n both  s ides , th e  N . laryngeus recurrens courses  b e tw e e n  th e  Tra
chea and th e  O esophagus. The  nerve  is loca ted  o u ts id e  o f th e  specia l 
organ fasc iae  b u t ins ide  th e  genera l organ fascia.

i- C lin ica l R e m a rk s ---------------------------------------
T h yro id  g land  surgery  requ ires th e  ve n tra l open ing  o f th e  Fascia 
p re trachea lis  and th e  jo in t specia l and genera l organ fascia  a t th e  an
te r io r  s ide  o f th e  th y ro id  g land. S urgeons re fe r to  it as o u te r (Fascia 
pre trachea lis) and inne r (organ fascia) capsu le  o f th e  th y ro id  gland. 
H yperp lasia , adenom a, o r ca rc inom a  o f th e  para thyro id  g lands can

re su lt in an h ype rfun c tio n  w ith  th e  d e v e lo p m e n t o f a p rim ary  hy p e r
p a ra th yro id is m . The increased  se cre tio n  o f para thyro id  ho rm one  
(PTH) causes an increase o f th e  se rum  ca lc ium  leve ls  and is asso
c ia ted  w ith  co m p lica tio n s  a ffe c tin g  th e  bones, k idneys, and gastro 
in tes tin a l trac t.
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Development of the thyroid gland

Figs. 1 1 .52a and b D ev e lo p m e n t o f th e  th y ro id  g lan d . [21 ]
From  day 24 a fte r  fe r tilis a tio n  o n w a rd s , e p ith e liu m  fro m  th e  ek toderm a l 
s to m o d ae u m  g ro w s  cauda lly  past th e  hyoid  bone and th e  Larynx to  
fo rm  th e  D uctus thyrog lossu s  (a). W h e n  th e  D uctus  th y ro g lo ssu s  has 
reached  its  fina l loca tion  a t th e  th y ro id  ca rtilage  o f th e  Larynx a t w e e k  
7, it fo rm s  th e  is th m u s  and th e  tw o  lobes o f th e  th y ro id  g land (b). The 
cranial p a rt o f th e  D uc tus  th y ro g lo ssu s  regresses. The p roxim al open ing

o f th e  D uc tus  th y ro g lo ssu s  p ers is ts  as Foram en caecum  beh ind  th e  
S ulcus te rm ina lis  and fre q u e n tly  a Lobus py ram id a lis  (thyro id  g land 
tissue) is fo u n d  a long th e  p assagew ay o f th e  p rim itive  D uc tus  th y ro 
g lossus { - *  Fig. 8 .162). P ro trud ing  fro m  th e  f if th  pharyngea l pouch , th e  
u ltim ob ranch ia l b ody  g ives rise  to  C -cells (p roduce ca lc iton in ) w h ic h  m i
g ra te  in to  th e  th y ro id  g land. The  e p ithe lia l bod ies  (p roduce  para thyro id  
horm one) derive  fro m  th e  th ird  and fo u rth  pharyngea l pouches.

b

Thyroglossal 
duct cyst

Cartilago
thyroidea

d

Figs. 11.53a to  d C erv ical cysts and cerv ica l fis tu las . [20] 
a p oss ib le  loca tions  o f cys ts  de rive d  fro m  th e  D uctus  th y ro g lo ssu s  

(a rrow s s h o w  th e  loca tion  o f th e  D uc tus  th y ro g lo ssu s  during  the  
d e sce n t o f th e  th y ro id  g land fro m  th e  Foram en caecum  to  th e  final 
pos itio n  in th e  an te rio r ce rv ica l region)

b c o m p u te d  to m o g ra p h y  o f a thy rog lossa l d u c t c y s t in fro n t o f the  
th y ro id  cartilage 

c possib le  loca tions  o f ce rv ica l c y s ts  and cerv ica l fis tu las  
d la tera l ce rv ica l cys t; n o tice  th e  sw e llin g  on th e  latera l s ide  o f th e  

neck.

[- C lin ica l R e m a rk s ---------------------------------------
P ers is tence  o f parts  o f th e  D uctus  th y ro g lo ssu s  can lead to  a m e d i
an cervical cyst o r a m ed ian  cerv ica l fis tu la  (-» Figs. 1 1 .53a and b). 
C lin ica lly, b o th  o n ly  b eco m e  a conce rn  w h e n  in fec ted .
A  latera l cerv ica l fis tu la  o r c y s t is caused  by  th e  im p e rfe c t o b lite ra ti
on  o f th e  lateral aspe c ts  o f th e  branchial c le fts  o r th e  S inus cerv ica-

lis. Latera l cervical fis tu las  usua lly  open  a t th e  a n te rio r m arg in  o f 
th e  M . s te rn o c le id o m a s to id e u s  ( - *  Fig. 11 .53c); th e  accum u la tion  o f 
flu id  w ith in  th e  la te ra l cerv ica l cysts re su lts  in a sw e llin g  a t th e  s ide 
o f th e  neck (-» Fig. 1 1 .53d).

Foramen caecum

Os hyoideum

Cartilago thyroidea 

Glandula thyroidea

Thyroglossal 
duct cyst

Opening of a 
thyroglossal 
duct fistula

Location of 
inner opening of 
cervical fistulas

Cervical cyst

Remnants of a 
pharyngeal pouch

Tonsilla palatina

Location of 
ear fistulas

Location of 
outer opening of 
cervical fistulas

M. sternocleidomastoideus
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Neck Muscles -► Pharynx -► Larynx

Vessels and nerves of the thyroid gland

Fig. 11 .54  A rte rie s  o f th e  th y ro id  g lan d , G lan du la  th y ro id ea ;
ve n tra l v iew .
B e ing  an end o crine  organ, th e  th y ro id  g land has an e xqu is ite  b lood  sup
p ly  th ro u gh  th e  A. th y ro id e a  s uperio r (w ith  Rr. g landula res an te rio r 
and pos te rio r) fro m  th e  A . caro tis  ex te rna  as w e ll as th ro u g h  th e

A. th y ro id e a  in ferio r fro m  th e  T ru n cus  th y ro ce rv ica lis . S o m e tim e s , 
a sm a ll A. th y ro id e a  im a fro m  th e  T ru n cus  b rach iocepha licus  o r th e  A r
cus aortae  a lso co n tr ib u te s  to  th e  b lood  supp ly  (n o t sh ow n ). The  b lood 
ve sse ls  a lso  supp ly  b lood to  th e  e p ithe lia l bod ies (-» Fig. 11.56).

A. sublingualis 

A. lingualis 

M. hyoglossus 

thyroidea superior

A. carotis externa 

M. geniohyoideus 

Os hyoideum

Membrana

Glandula
Lobus dexter

A. thyroidea superior, 
R. glandularis anterior

M. cricothyroideus

A. thyroidea inferior, 
Rr. glandulares

hypoglossus [XII]

V. lingualis

M. hyoglossus

A. carotis externa

N. laryngeus superior, 
R. internus

Bifurcatio carotid is 

A. laryngea superior 

thyroidea superior

Cartilago thyroidea

Glandula thyroidea,
Lobus sinister

Lig. cricothyroideum medianum 

Isthmus glandulae thyroideae

M. thyrohyoideus V. thyroidea 
superior

A. thyroidea inferior

thyroidea
media

thyrocervicalis

N. vagus [X] sinister

Vv. thyroideae inferiores
laryngeus 

recurrens sinister

N. vagus [X] dexter

laryngeus recurrens dexter

N. laryngeus recurrens sinister

A. thyroidea superior
Glandula parathyroidea 
superior

Glandula parathyroidea 
inferior

A. thyroidea inferior

A. subclavia sinistra 'runcus thyrocervicalis

Fig. 11.55 Veins o f th e  th y ro id  g lan d , G lan dula  th y ro id ea ; ventra l 
v iew . [8]
T h ree  paired  ve ins  c o lle c t th e  b lood  o f th e  th y ro id  g land. The  V v . th y 
ro id eae  s uperio r and m ed ia  drain  in to  th e  V. jugu la ris  in terna , w h e re 
as th e  V. th y ro id e a  in ferio r leads th e  b lood in to  th e  le f t V. b rach ioce- 
phalica.

Fig. 11.56 A a. th y ro id e a e  s uperio r and in ferio r as w e ll as Nn. 
la rynge i recurren tes  s in is te r and d ex ter; dorsa l v iew . [8]
The th y ro id  g land has a c lose  to p o g ra p h ic  re la tionsh ip  w ith  th e  Nn. la
rynge i re cu rre n te s  (Nn. laryngei in fe rio res). In th e  grove  b e tw e e n  the  
Trachea and th e  O esophagus th e se  nerves co u rse  cran ia lly  to  th e  La
rynx  (-» Fig. 11.46).

i- C lin ica l R e m a rk s ---------------------------------------
R esection  o f a g o itre  ope ra tions  (th y ro id e c to m y ; m o s tly  p e rfo rm e d  
as su b to ta l s tru m e c to m y ) are th e  m o s t fre q u e n t cause o f paralysis  
o f th e  la ryn g ea l m uscles. The e n la rg e m e n t o f th e  th y ro id  g land 
d is ru p ts  th e  norm a l to p o g ra p h y  o f th e  N. la ryngeus recurrens. Even 
in th e  case o f a g o itre  th e  nerve  m a in ta in s  c lose  re la tio n sh ip s  w ith

th e  th y ro id  g land and th e  A . thyro idea  in fe rio r, b u t is m o re  d if f ic u lt  to  
loca lise  and can be in ju red  easily. A n  en la rged  th y ro id  g land can co m 
press  th e  Trachea. In advanced s tages, w h ic h  can re su lt dyspnoea 
o fte n  requ ire  su rg ica l in te rve n tio n .
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Imaging and clinics

Fig. 11.57 Th yro id  g lan d , G lan du la  th y ro id ea ; u ltrasound  im age, 
norm al th y ro id , tra n sve rse  se c tion  a t th e  leve l o f  th e  is th m u s  o f th e  
th y ro id  g land. [27]

Fig. 11.58 E n la rg e m e n t o f th e  th y ro id  g land  (S tru m a  
m u ltin o d o sa).
Three  large nodes are v is ib le  (m u ltinodu la r go itre ).

Fig. 11.59 Th yro id  g lan d , G lan du la  th y ro id ea ; sc in tig ra p h ic  scan, 
ve n tra l v iew . [6]
S c in tig raphy  is a d iagnos tic  p rocedu re  w h ic h  p rov ides  to p o g ra p h ic  and 
fu n c tio na l in fo rm a tio n  o f th e  th y ro id  g land. Th is  im age  w a s  taken  20 
m in u te s  a fte r  in trave n o us  in jec tion  o f te c h n e tiu m -9 9 m -p e rte ch n e ta te  
and s h o w s  a "c o ld  n o d u le " (a rrow heads) in th e  r ig h t th y ro id  lobe ex
te n d in g  in to  th e  is th m us . The  le f t th y ro id  lobe d isp lays  a h om ogeneous  
d is tr ib u tio n  o f nuc lides . The  "c o ld  n o d e " re p re se n ts  fu n c tio n a lly  in
active  th y ro id  tissu e .

Fig. 11.60 P a tien t w ith  endo crin e  o p h th a lm o p ath y : exophthal- 
m us  and re tra c tion  o f th e  upper eye lid  due  to  h ype rthy ro id ism . [5]

i- C lin ica l R e m a rk s ---------------------------------------
The p a tho logy  o f th e  th y ro id  g land is co m p le x . D iffuse (-» Fig. 11.58) 
and foca l (-» Fig. 11.59) a lte ra tio n s  in th e  th y ro id  g land  can be
d is tin g u ish e d . B o th  ty p e s  m ay have m u ltip le  causes. In add ition , a 
d e fic ie n t (h yp o th yro id ism ) o r e xcess ive  p rod u c tio n  (h y p e rth y ro 
id ism ) o f th e  horm o n e s  th y ro x in e  and tr iio d o th y ro n in e  can occur. 
O ne exam p le  is th e  h y pe rthy ro id ism  assoc ia ted  w ith  d if fu s e  go itre  
(G R A V E S ' d isease) caused  by  im m un o lo g ica l (au to im m une) pro

cesses. It is fre q u e n tly  assoc ia ted  w ith  o rb itopa thy . Th is  is like ly  
th e  re su lt o f c ircu la ting  an tib o d ie s  a ga ins t an a n tig e n  derive d  fro m  
th e  ex te rna l ocu la r m u sc le s . These  an tib o d ie s  c ross -reac t w ith  
th e  m ic roso m a l fra c tio n  o f  th e  th y ro id  fo llicu la r ep ithe lia l ce lls . An 
e x o p h th a lm u s  can re su lt fro m  a re tro -orb ita l oedem a , d ep o s ition  o f 
g lyco sam inog lycans, ly m p h o cy tic  in filtra te s  and p rog re ss ive  fib ros is  
( -  Fig. 11.60).



Neck Muscles -► Pharynx -► Larynx

Vessels and nerves of the neck

Nn. supraclaviculares 
laterales

Nn. supraclaviculares 
mediales

Nn. supraclaviculares intermedii

Glandula parotidea

N. auricularis magnus,
Rr. posteriores

V. jugularis externa

N. transversus colli, 
Rr. superiores

N. auricularis magnus, 
R. anterior

N. transversus colli, 
Rr. inferiores

Platysma

V. auricularis posterior
N. auricularis posterior (VII)

A. auricularis posterior

M. epicranius,
M. occipitofrontalis, 
Venter occipitalis

A. occipitalis

V. occipitalis

M. sternocleidomastoideus

N. auricularis magnus 

M. levator scapulae 

N. accessorius [XI] 

M. trapezius

N. occipitalis major 

N. occipitalis minor

Fig. 11.61 Vessels and nerves  o f th e  a n te rio r and la te ra l cervical 
reg ions, R eg iones cerv ica les a n te rio r  e t la tera lis ; la tera l v iew .
The  supe rfic ia l fasc ia  o f th e  neck has been rem oved  dorsa lly  o f th e  
P latysm a. The N . auricu laris  m ag nus  and th e  N . occ ip ita lis  m in o r
co m e  fro m  beh ind  th e  M . s te rn o c le id o m a s to id e u s  and cu rve  around 
th is  m u sc le  in an a n te rio r and su pe rio r d ire c tio n . B oth  are senso ry  
nerves derive d  fro m  th e  P lexus ce rv ica lis  (C 1-C 4) and inne rva te  th e  
skin  in fro n t o f and b e lo w  th e  auric le  to  th e  o c c ip u t reg ion . The N . oc

c ip ita lis  m a jo r  passes th ro u g h  th e  te n d in o u s  o rig in  o f th e  M . trapez ius  
a t th e  Linea nuchae  su pe rio r and p rov ides th e  se nso ry  cu taneous  inne r
va tion  to  th e  occ ip ita l reg ion . It is th e  R. dorsa lis  o f th e  spinal nerve  C2. 
The N . accessorius [X I] lies on to p  o f th e  M . leva to r scapu lae  and 
courses  th ro u g h  th e  latera l tr ia ng le  o f th e  neck fro m  th e  M . s te rn o c le i
d o m a s to id eu s  to  th e  M . trapezius, th e  tw o  m u sc le s  innerva ted  by th is  
nerve . The  N. a ccesso rius  [XI] has its  o rig in  in th e  brain s te m  and th e  
upp e r cerv ica l sp ina l co rd  (-» Fig. 12.160).

i- C lin ica l R e m a rk s ---------------------------------------
The l\l. accessorius [X I] is a t risk o f be ing  in ju red  during  surgica l 
in te rve n tio n s  in th e  lateral ce rv ica l reg ion  (e.g. du ring  rem ova l o f 
lym ph  nodes o r neck  d issec tion ). N erve  les ions in th is  cerv ica l region

m o s t fre q u e n tly  a ffe c t th e  fu n c tio n  o f th e  M . trapez ius  (paresis). As 
a resu lt, th e  p a tie n t is unable to  e leva te  th e  arm  above th e  horizonta l 
plane.
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Vessels and nerves of the neck

V. auricularis posterior

Nn. supraclaviculares
intermedii

N. occipitalis minor

A. occipitalis

V. occipitalis

N. occipitalis major

-------------------------------------------- N. auricularis magnus

----------------------------------  M. splenius capitis

M. levator scapulae

M. trapezius

N. accessorius [XI]

Nodi lymphoidei cervicales 
laterales, Nodi lymphoidei superficiales

Nn. supraclaviculares laterales

M. omohyoideus, Venter inferior 

Plexus brachialis 

—  V. transversa colli

Platysma

V. jugu laris externa 

N. transversus colli

V. jugularis

M. sternocleidomastoideus 

Arcus venosus jugularis

Nn. supraclaviculares
mediales

N. facialis [VII], R. colli 

V. facialis

V. retromandibularis

(Ansa cervicalis superficialis = 
R. communicans cum nervo faciei)

Fig. 11.62 B lood vessels and nerves o f th e  la te ra l cervical 
reg ion , R egio cerv ica lis  la te ra lis , le ft side; lateral v iew . Parts o f the  
p la tysm a  w e re  d e fle c te d  upw ards, and th e  Lam ina supe rfic ia lis  o f th e  
Fascia ce rv ica lis  w a s  large ly rem oved .
The  se nso ry  nerves o f th e  P lexus ce rv ica lis  e m e rg e  a t th e  p os te rio r 
m arg in  o f th e  M . s te rn o c le id o m a s to id e u s  and p en e tra te  th e  superfic ia l 
fasc ia  o f th e  neck. The  Nn. suprac lav icu la res , N. tra n sve rsu s  co lli, and

N. auricu la ris  m agnus all e m e rg e  in a co n fin e d  area, ca lled  Punctum  
nervo sum  (ERB's po in t), m id w a y  o f th e  M . s te rn o c le ido m a sto id e u s . 
The P unctum  n e rvo su m  a lso  inc ludes th e  N. o cc ip ita lis  m ino r a lthough  
it e x its  fa r m o re  cranially. The  N. accessorius  [XI], th e  M . o m ohyo ideus , 
and th e  V. transve rsa  co lli are v is ib le  in th e  p os te rio r tr ia ng le  o f th e  
neck. The  V. transve rsa  co lli d ra ins  in to  th e  V. jugu la ris  ex te rna, w h ich  
has a variab le  course  across th e  M . s te rn o c le ido m a sto id e u s .

Fig. 11.63 S ensory  in n e rv a tio n  o f th e  skin in th e  cervical reg ion  
(cu taneous nerves).
The se nso ry  inne rva tion  o f th e  skin  is p rov ided  by th e  Nn. suprac lav icu 
lares, tra n sve rsu s  co lli, auricu la ris  m agnus, o cc ip ita lis  m inor, o cc ip ita lis  
m a jo r and o cc ip ita lis  te r tiu s  (n o t show n).
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Vessels and nerves of the neck

N. trigeminus [V]

N. ophthalmicus [V/1]

N. maxillaris [V/2] 

N. mandibularis [V/3]

Rr. anteriores (C2-C4)

Clavicula

Fig. 11.64 S ensory in n e rv a tio n  o f th e  skin in th e  head and neck  
reg ion  as w e ll as s eg m e n ta l m ap p in g  o f th e  cu taneous areas [8 ]

The cerv ica l se g m e n ts  C2, C3, and C4 p rov ide  th e  innerva tion  to  the  
sk in  in th e  neck reg ion . The Rr. an te rio re s  o f th e  sp ina l nerves innerva 
te  th e  ve n tra l area o f th e  neck, w h ile  th e  Rr. p os te rio re s  p rov ide  th e  
senso ry  inne rva tion  to  th e  dorsa l p a rt o f th e  neck.

Protuberantia occipitalis externa

Rr. posteriores (C2-C4)

Acromion

M. digastricus, Venter anterior

V. jugularis interna

V. retromandibularis 

N. facialis [VII], R. colli 

V. facialis

Glandula submandibularis

M. sternothyroideus

(A. transversa colli, 
R. profundus, Var.)

V. auricularis posterior

N. occipitalis minor

A.; V. occipitalis

N. occipitalis major

R. suprahyoideus (A. lingualis)

R. infrahyoideus 
(A. thyroidea superior)

A. carotis externa

A. laryngea superior 

A. thyroidea superior 

A. carotis communis 

N. vagus [X]

M. sternocleidomastoideus

M. splenius capitis 

Plexus cervicalis

N. accessorius [XI]

Plexus brachialis, Truncus superior

(A. transversa colli, R. superficialis, Var.) 

M. omohyoideus, Venter inferior

Clavicula

M. scalenus anterior 

V. jugularis externa 

A. suprascapularis

M. deltoideus

brachialis, Pars supraclavicularis

(Ansa cervicalis profunda), 
Radix superior (Plexus cervicalis)

M. omohyoideus, 
Venter superior

M. sternohyoideus

A. subclavia

Fig. 11.65 Vessels and nerves  o f th e  a n te rio r and la te ra l cervical 
reg ions, R eg iones cerv ica les a n te rio r e t la te ra lis , le ft side; lateral 
v ie w ; a fte r  rem ova l o f th e  supe rfic ia l and m idd le  fasc ia  o f th e  neck. 
The  an te rio r tr ia ng le  o f th e  neck d ep ic ts  s tru c tu re s  no rm a lly  covered  by

th e  ca ro tid  shea th  (A. ca ro tis  ex te rna, N. vagus [X], V. jug u la ris  interna); 
d isp layed  in th e  p o s te rio r tr ia ng le  o f th e  n eck  are th e  P lexus brachia lis 
and th e  A . subclav ia  in th e  sca lene  h ia tus, w h ic h  are c rossed  by  the  
V e n te r in fe rio r o f th e  M . o m ohyo ideus .
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Vessels and nerves of the neck

M. digastricus, Venter anterior

A. carotis communis

M. digastricus, 
Venter posterior

N. hypoglossus [XII]

Glandula submandibularis 

V. submentalis 

N. mylohyoideus 

A. submentalis 

M. stylohyoideus

N. vagus[X]

M. sternocleidomastoideus

V. retromandibularis

N. cervicalis [C2], R. anterior

A. auricularis posterior

N. auricularis posterior (N. facialis)

M. sternocleidomastoideus

Glandula thyroidea 

(A. cervicalis superficialis, Var.)

N. phrenicus

M. scalenus anterior

Bulbus inferior venae jugularis

N. occipitalis minor

N. accessorius [XI]

M.

A. lingualis

V. facialis

A. carotis externa

A. laryngea superior 

(Ansa cervicalis profunda), Radix

A. thyroidea 

R. sternocleidomastoideus 

V. thyroidea superior 

A. cervicalis ascendens

M. omohyoideus, Venter superior

V. subclavia

N. cervicalis [C3], R. anterior 

N. cervicalis [C4], R. anterior

(Ansa cervicalis profunda), Radix inferior

Plexus brachialis, Truncus superior 

A. transversa colli, R. superficialis 

M. trapezius

M. omohyoideus, Venter inferior

A. transversa colli, R. profundus

A. subclavia

V. jugularis externa

Fig. 11.66 Vessels and nerves o f th e  la te ra l cervical reg ion ,
R egio cervicalis  la te ra lis , le ft side; la tera l v ie w ; a fte r a lm ost co m p le te  
rem ova l o f th e  M . s te rn o c le ido m a sto id e u s .
The  rem ova l o f th e  M . s te rn o c le id o m a s to id e u s  p e rm its  an u n o b s tru c t
ed v ie w  o f th e  A. caro tis  co m m u n is  in th e  lo w e r neck reg ion , th e  A. 
carotis  ex te rn a  in th e  upper ce rv ica l region  as w e ll as th e  N . vagus [X ] 
and th e  V. ju g u laris  in terna . In th e  upper ce rv ica l reg ion , th e  A nsa  
cerv icalis  (p ro fu nda) w ith  its R adices su pe rio r and in fe rio r enc loses

th e  V. jug u la ris  in terna . The  R adices su pe rio r and in fe rio r p rov ide  
b ranches to  th e  in frahyo id  m usc les . Lateral to  th e  V. jug u la ris  interna, 
th e  INI. ph ren icu s  branches o ff  th e  P lexus ce rv ica lis  and c ro sses  th e  M . 
sca lenus an te rio r in th e  lo w e r ce rv ica l reg ion  to  reach th e  upper th o ra 
c ic  ape rtu re . In th e  upp e r ce rv ica l reg ion , th e  N. hypoglossus [X II] 
p rojects fo rw ard  and crosses th e  A. carotis externa c lose to  the  branch
ing p o in ts  o f th e  A . lingualis  and th e  A. fac ia lis  to  d isappear b e lo w  the  
M . s ty lo hyo id eu s .
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Vessels and nerves of the neck

V. retromandibularis

A. facialis 

Platysma

M. mylohyoideus

N. mylohyoideus

M. sternocleidomastoideus

A. occipitalis

A. submentalis
M. splenius capitis

M. digastricus, Venter anterior
A. occipitalis

A. thoracica interna

V. jugularis interna

R. sternocleidomastoideus 
(A. occipitalis)

V. jugularis interna

A. carotis externa 

N. laryngeus superior 

A. carotis interna 

A. laryngea superior 

A. thyroidea superior 

N. vagus [X]

A. carotis communis

(Ansa cervicalis profunda)
(Plexus cervicalis)

A. thyroidea inferior 

A. cervicalis ascendens

Glandula thyroidea 

A. vertebralis, Pars prevertebralis 

N. phrenicus 

Truncus thyrocervicalis 

A. subclavia

N. accessorius [XI]

M. levator scapulae

N. cervicalis [C5], R. anterior 

N. cervicalis [C6], R. anterior
(A. cervicalis superficialis, Var.)

N. cervicalis [C7], R. anterior 

M. omohyoideus, Venter inferior 

A. suprascapularis

V. jugularis externa

V. brachiocephalica sinistra

M. deltoideus

Fig. 11.67 Vessels and nerves  o f th e  la te ra l cervical reg ion .
R egio cervicalis  la te ra lis , deep  layer, le ft side; la tera l v iew .
Upon rem ova l o f th e  V. jugu la ris  in terna , th e  m ed ia lly  loca ted  A. subcla
v ia , th e  A. v e rte b ra lis  and th e  Truncus thyro c erv ic a lis  branch ing  o ff  
th e  A . subclav ia  are v is ib le . The  A. subclavia  co u rse s  dorsa l to  th e  M . 
sca lenus an te rio r and, to g e th e r w ith  th e  P lexus brach ia lis , passes 
th ro u gh  th e  sca lene  h ia tus

B ranches o f th e  Truncus thyrocerv ica lis

•  A. th y ro id e a  in fe rio r
-  A . laryngea in fe rio r
-  Rr. g landula res
-  Rr. pharyngea les
-  Rr. oesophagea les
-  Rr. trachea les

•  A. suprascapularis
-  R. acrom ia lis

•  A. transve rsa  co lli
-  R. supe rfic ia lis
-  R. p ro fu nd u s

•  A . ce rv ica lis  ascendens 
-  Rr. sp ina les

•  (A. dorsa lis  scapulae)

i- C lin ica l R e m a rk s ---------------------------------------
A  prox im a l h igh-grade s te n o s is  (narrow ing) o f th e  A. subclav ia  s in is 
tra , less fre q u e n tly  o f th e  A . subclavia  dextra , can re su lt in a re tro 
g rade (reversed) f lo w  in th e  A. ve rteb ra lis  o f th e  a ffe c te d  s ide  during

in ten se  physica l a c tiv ity  o f th e  arm  (subclavian steal syn drom e; 
S S S ). The re su ltin g  redu c tio n  in th e  b lood perfus ion  o f th e  brain can 
cause d izz iness and headaches.
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Vessels and nerves of neck and axilla

N. mylohyoideus 

A. submentalis

A. carotis externa 

A. carotis interna

Ganglion cervicale superius 
(Truncus sympathicus)

N. occipitalis major

M. deltoideus

M. pectoralis minor, Tendo 

A. axillaris

V. jugularis interna
A. thoracoacromial is

V. brachiocephalica sinistra

V. jugularis externa

Vv. thoracoepigastricae

N. vagus [X] i

N. hypoglossus [XII] | j V. jugularis interna
Rr. communicantes (Truncus sympathicus)

A. occipitalis
R. mastoideus

N. occipitalis minor

A. thyroidea superior

A. subclavia

A. thoracica interna 

N. laryngeus recurrens

Trachea

N. accessorius [XI]

V. thyroidea inferior

N. cardiacus cervicalis medius 
(Truncus sympathicus)

V. vertebralis, 
Pars prevertebralis

A. carotis communis

V. cephalica

R. cardiacus cervicalis superior 
(N. vagus)

(Ansa cervicalis profunda), Radix superior 
(Plexus cervicalis)

M. constrictor pharyngis inferior
N. cardiacus cervicalis superior

M. sternothyroideus

(Ganglion sympathicum 
accessorium)

V. thyroidea superior

A. thyroidea inferior

Ganglion 
cervicale medium

Truncus thyrocervicalis

A. cervicalis ascendens

N. phrenicus

A. cervicalis superficialis

(A. transversa colli, R. superficialis, Var.) 

M. scalenus anterior

N. suprascapularis

Plexus brachialis,
Pars infraclavicularis, 
Fasciculus medialis

V. axillaris

N. intercostobrachialis 
N. thoracodorsalis

N. thoracicus longus

A. suprascapularis

Clavicula

Fig. 11.68 Vessels and nerves  o f th e  la te ra l cervical reg ion ,
R egio cervicalis  la te ra lis , and th e  axilla ry  reg ion , R eg io  axillaris .
The n um b e rs  V  to  VIII m a rk  th e  ventra l b ranches o f th e  co rrespond ing  
cerv ica l nerves.
A fte r  th e  rem ova l o f th e  an te rio r tw o -th ird s  o f th e  c lav ic le , th e  Plexus  
brach ia lis  and th e  A. subc lav ia  passing  th ro u g h  th e  sca lene  h ia tus 
(be tw e e n  M . sca lenus an te rio r and M . sca lenus m ed ius), and th e  
course  o f th e  V. subclav ia  (in fro n t o f th e  M . sca lenus ante rio r) across 
rib  I in to  th e  upp e r e x tre m ity  are v is ib le . In so m e  cases, th e  upper part 
o f th e  P lexus brach ia lis can p en e tra te  th e  M . sca lenus m ed ius . In th e  
cervical region, the  Plexus brachialis provides a num ber o f sm aller branches

and, a fte r  m u ltip le  exchanges o f fib res , fo rm s  fa sc ic le s  w h ic h  are loca
te d  s h o rtly  b e lo w  th e  c lav ic le  latera l o f th e  A. subclavia. O n ly in the  
m idd le  o f th e  Axilla  th e y  reach th e  to p o g ra p h ic  pos itio n  d ep ic te d  in 
th e ir  nam e.
On to p  o f th e  deep  cerv ica l m u sc le s  lies th e  s y m p a th e tic  tru n k  (Trun
cus sym path icus ) w ith  th e  Ganglia cerv ica lia  supe rius  and m e d iu m  (in 
th e  upper ce rv ica l region  th e  s y m p a th e tic  tru n k  runs w ith in  th e  genera l 
o rgan fasc ia , in th e  lo w e r cerv ica l reg ion  b e tw e e n  th e  Fascia p re ve rte 
bralis and th e  genera l organ fasc ia , n o t sh ow n ). The  N. la ryngeus recur
rens is v is ib le  b e lo w  th e  th y ro id  g land b e tw e e n  th e  Trachea and the  
O esophagus.

d i s s e c t i o n  l i n k  201



Neck

Plexus cervicalis

Muscles -► Pharynx -► Larynx

N. occipitalis major (R. dorsalis C2)

M. geniohyoideus

M. thyrohyoideus 
Ansa cervicalis profunda, Radix superior 

Ansa cervicalis profunda, Radix inferior 
N. transversus colli

M. omohyoideus, Venter superior

Ansa cervicalis (profunda)

N. hypoglossus [XII] N. accessorius [XI]

M. sternohyoideus

M. sternocleidomastoideus

N. auricularis magnus 
N. occipitalis minor
Rr. musculares (Mm. rectus capitis anterior, 
rectus capitis et longus colli)
M. trapezius

Rr. musculares (Mm. longus capitis, 
longus colli et levator scapulae)

Rr. musculares (Mm. longus capitis, 
longus colli, levator scapulae, 
scalenus anterior et scalenus medius) 
N. phrenicus

M. omohyoideus, 
Venter inferior

M. sternocleidomastoideus

Nn. supraclaviculares mediales, 
intermedii et laterales

N. occipitalis minor 

N. auricularis magnus

Ansa cervicalis profunda, Radix

Ansa cervicalis profunda, Radix

N. transversus

Nn. supraclaviculares 
intermedii et laterales

Efferent (motor) fibres Afferent (sensory) fibres Proprioceptive fibres

Figs. 11.69a and b P lexus cervicalis , sensory and m o to r  
branches.
The A nsa  ce rv ica lis  p ro funda  and th e  N. p h ren icus  c o n s titu te  th e  m o to r 
b ranches o f th e  P lexus brachia lis. The  A nsa cervicalis  p ro fu nda  con
s is ting  o f a Radix su pe rio r fro m  se g m e n t C1 and a Radix in fe rio r fro m  
se g m e n ts  C2 and C3 se rves to  inne rva te  th e  in frahyo id  m u sc le s  (M m . 
th y ro h yo id eu s , s te rn o hyo ide u s , s te rn o th y ro id e u s , and om ohyo ideus).

A dd itio n a l m o to r b ranches inne rva te  th e  suprahyo id  M . g en iohyo ideus, 
th e  p reve rteb ra l m usc les , th e  M . re c tu s  cap itis  an te rio r, th e  M m . sca- 
len i a n te rio r and m e d iu s  as w e ll as parts  o f th e  M . leva to r scapu lae. The 
N. ph ren icu s  d erives  fro m  th e  se g m e n ts  C3 to  C5, runs caudally, and 
e n te rs  th e  th o ra c ic  ca v ity  th ro u g h  th e  upper th o ra c ic  ape rtu re .

T 7
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Thyro id  gland -► Topography

A. vertebralis and Truncus costocervicalis

B ranches o f th e  
A . vertebra lis

•  Pars p revertebra lis

•  Pars tran sversaria  
[cervicalis]
-  Rr. sp ina les

-  Rr. radicu lares
-  Aa. m edu llä res  

se gm e n ta les
-  Rr. m uscu la res

•  Pars a tlan tica

•  Pars in tracran ia lis
-  Rr. m en inge i
-  A. in fe rio r p os te rio r 

ce rebe lli
-  A . sp ina lis  p os te rio r
-  R. to n s illa e  ce rebe lli
-  R. choro ideus 

ve n tr icu li quarti
-  A. sp ina lis  an te rio r
-  Rr. m edu llä re s  m ed ia les  

e t latera les

B ranches o f th e  Truncus  
costocerv icalis

•  A. ce rv ica lis  p rofunda

•  A. in te rco s ta lis  suprem a
-  A. in te rco s ta lis  p os te rio r 

p rim a
-  A. in te rco s ta lis  p os te rio r 

secunda
-  Rr. dorsa les
-  Rr. sp ina les

Fig. 11 .70  B ranches o f th e  A . subclavia  and A . v e rte b ra lis  as w e ll 
as Truncus costocerv icalis ; lateral v iew .

Figs. 11.71a to  f  V a ria tio n s  in b ranch in g  ty p e s  o f th e  A. 
subclavia  and th e  Truncus thyrocerv ica lis .

Fig. 11.72 V aria tio n s  in th e  level o f e n try  o f th e  A . v erteb ra lis  
in to  th e  Foram ina  tran sversaria .

A. vertebralis,
Pars transversaria

A. vertebralis, 
Pars atlantica

A. vertebralis, 
Pars intracranialis

A. cervicalis profunda

Truncus costocervicalis

Vertebra cervicalis VII

B itte  k o rr ig ie rte  A b b ild u n g  lie fe rn

A. vertebralis,
Pars prevertebralis

A. cervicalis ascendens 

A. carotis communis 

(A. cervicalis superficialis, Var.) 

Truncus thyrocervicalis 

thyroidea inferior 

A. subclavia 

A. carotis communis 

A. suprascapularis
A. intercostalis suprema

Costa I 

A. intercostalis posterior II

A. axillaris

Truncus
brachiocephalicus

Clavicula

Manubrium sterni

A. intercostalis 
posterior I 

A. thoracica interna
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Neck Muscles -► Pharynx -► Larynx

Veins of the neck

M. digastricus, Venter anterior, Tendo 

V. jugularis anterior

V. submentalis

Glandula submandibularis

M. mylohyoideus

M. hyoglossus

V. submentalis

A. facialis

V. facialis

V. retromandibularis

M. stylohyoideus

N. hypoglossus [XII]

Glandula parotidea

V. facialis

(Ansa cervicalis profunda), Radix superior 
(Plexus cervicalis)

M. sterno- 
cleidomastoideus

M. omohyoideus, 
Venter inferior

V. transversa colli

V. cephalica

M. pectoralis major 

R. perforans (A. thoracica interna)

R. cutaneus anterior pectoralis

Rr. perforantes (A.; V. thoracica interna)1

V. thyroidea inferior

V. thoracoacromialis 
V. axillaris 

M. sternocleidomastoideus 
Arcus venosus jugularis

Fig. 11.73 Veins o f th e  neck, C o llum ; ventra l v iew .
The  M . s te rn o c le id o m a s to id e u s  w a s  la rge ly  rem oved  on th e  le f t s ide. 
A ll fasc iae  o f th e  neck have a lso been rem oved .
S up erfic ia l ve ins  o f th e  neck are  th e  Vv. jugu lares  an te rio re s  and th e  
Vv. jugu la res  e x te rnae  w h ic h  drain  venous b lood in to  th e  Vv. jugu lares  
in te rnae , subclav iae , and brach iocepha licae.

D eep ve ins  o f th e  neck are th e  Vv. jugu la res  in te rnae  und thyro ideae  
supe rio res , th e  V. th y ro id e a  in fe rio r and th e  P lexus th y ro id e u s  im pa r 
(n o t sh ow n ). The  course  o f th e  supe rfic ia l ve ins  is ve ry  variable.

C lin ica l R e m arks
In traven o u s  (IV) th e ra p y  is one  o f th e  m o s t fre q u e n tly  e m p lo ye d  
invasive  p rocedu res  in th e  e m e rg e n cy  case p rio r to  reach ing  a hos
p ita l. The V. jugu la ris  ex te rna  p rov ides a good a ccess ib ility  fo r  IV

tre a tm e n t, even  if th e  o th e r superfic ia l ve ins  are in a poor co nd itio n . 
The g u ide lines  fo r  ca rd iovascu la r resusc ita tio n  re com m e n d  th is  IV 
access ro u te  as th e  f ir s t  choice .
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Thyro id  gland -► Topography

Vessels and nerves of the neck and upper thoracic aperture

V. facialis

hypoglossus [XII]

V. retromandibularis
A. facialis

V. occipitalis Glandula parotidea

M. sternohyoideus

M. thyrohyoideus 

M.

A. thyroidea superior

Cartilago thyroidea 

V. jugularis externa 

Glandula thyroidea 

Plexus thyroideus impar

N. vagus [X]

A. transversa colli

Os hyoideum

M. hyoglossus

V. transversa M. omohyoideus

V. jugularis anterior Clavicula

A. subclavia A. subclavia;
V. jugularis externa

V. subclavia V. subclavia

V. brachiocephalica 
dextra

V. thyroidea inferior

V. thyroidea superior

M. sternocleidomastoideus

cervicalis profunda), Radix superior 
cervicalis)

vagus [X]

M. digastricus, Venter anterior 

M. mylohyoideus
M. digastricus, Venter anterior, Tendo

V. cephalica

jugularis interna

V. thoracica interna
pectoralis major

V. cava superior Costa I

V. brachiocephalica sinistra
Pars ascendens aortae

V. thyroidea media

accessorius [XI]

N. phrenicus

Plexus brachialis,
Pars supraclavicularis

Vv. thymicae

N. laryngeus 
recurrens sinister

A. carotis communis;
N. laryngeus recurrens sinister

Fig. 11.74 Vessels and nerves  o f th e  neck, C o llu m , and th e  upper  
tho rac ic  a p e rtu re , A p e rtu ra  th o rac is  superior; ventra l v iew .
The  s te rn u m , parts  o f th e  c lav ic le , M m . s te rn o c le ido m a s to id e i, and 
parts  o f th e  in frahyo id  m u sc le s  w e re  rem oved .
P resen ta tion  o f th e  ve no u s  tr ib u ta ry  o f th e  V. cava s uperio r (Vv. bra- 
ch iocepha licae , jugu lares  in te rnae , jugu lares  ex te rnae , and subclaviae)

w ith  particu la r em ph a s is  on th e  ve no u s  dra inage o f th e  G landula th y ro 
idea ( - *  Fig. 11.55). A lso  v is ib le  are th e  P lexus brachia lis as w e ll as th e  
A. and V. subclav ia  runn ing  b e tw e e n  th e  c lav ic le  and rib I, th e  course  o f 
th e  N. p h ren icus  across th e  M . sca lenus an te rio r, and th e  le f t N. laryn
g eus  recurrens  cu rv ing  around  th e  a o rtic  arch.

i- C lin ica l R e m a rk s ---------------------------------------
The te rm  PA NC O A ST's  tu m o u r  (apical su lcus  tu m o u r) describes  
a rap id ly g ro w in g  periphera l b ronch ia l ca rc inom a  a t th e  pu lm onary  
apex (Apex pu lm o n is ; - *  Fig. 11.79) w h ic h  qu ick ly  expands o n to  the  
ribs, s o ft t is s u e s  o f th e  neck, b rachia l p lexus, and ve rteb rae . O the r

s tru c tu re s  a ffe c te d  m ay invo lve  th e  N. ph ren icus, th e  N. laryngeus 
recurrens, th e  A. and V. subclavia, and th e  G anglion s te lla tu m  (w ith  
H O R N E R 's syndrom e : eno p h th a lm u s , m ios is , p to s is  [d roop ing  o f 
upper eyelid]).
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Neck Muscles -► Pharynx -► Larynx

Lymph vessels and lymph nodes of the neck

Nodi iymphoidei parotidei 
superficiales

Nodi Iymphoidei submandibulares

Nodi Iymphoidei

Nodi Iymphoidei cervicales laterales,
Nodi Iymphoidei profundi superiores

M. omohyoideus, Venter superior

Nodi Iymphoidei cervicales 
Nodi Iymphoidei profundi inferiores

Nodus lymphoideus juguloomohyoideus

A. carotis communis 

V. jugularis interna

Nodus lymphoideus cervicalis lateralis 
Nodus profundus inferior

M. scalenus

M. digastricus, Venter anterior

Nodi Iymphoidei 
mastoidei

Nodus lymphoideus 
jugulodigastricus

Nodi Iymphoidei 
occipitales

M. sternocleidomastoideus

M. splenius capitis

Nodi Iymphoidei cervicales laterales, 
Nodi Iymphoidei superficiales

M. levator scapulae

N. accessorius [XI]

M. scalenus medius

M. trapezius

M. scalenus posterior

Plexus brachialis,
Pars supraclavicularis

Nodus lymphoideus buccinatorius

Nodi Iymphoidei

Fig. 11.75 S up erfic ia l lym p h  vessels, Vasa lym p h atica  
superfic ia lia , and lym p h  nodes. N o d i Iy m p h o id e i, o f th e  head and  
neck o f a child.
The neck region  co n ta in s  200  to  300  lym ph  nodes. The m a jo rity  th e re o f 
assem b le  in g roups  a long th e  neu rovascu la r bund le  (-» ta b le ,-*  Fig. 8.85).

M. omohyoideus, Venter inferior

Lym ph a tic  flu id  o f th e  righ t s ide  o f th e  head and neck dra ins in to  th e  
D uctus lym p h aticu s  d e x te r  (-» Fig. 8.86), w h e re a s  th e  le f t s ide o f the  
head and neck dra ins in to  th e  D uctus  tho rac icus . For e n try  o f th e  D uc
tu s  th o ra c icu s  in to  th e  le f t venous ang le  - *  F igure 11.81.

Lym ph N o d es  o f th e  N eck  (N od i Iy m p h o id e i cervicales)

N o d i Iy m p h o id e i cerv ica les a n te rio res N o d i Iy m p h o id e i cerv ica les la te ra les

•  N od i Iym pho ide i su pe rfic ia les •  N od i Iym pho ide i su pe rfic ia les

•  N od i Iym pho ide i p ro fund i
-  Nodi Iym pho ide i in frahyo ide i

-  Nodi Iym pho ide i p re la rynge i
-  Nodi Iym pho ide i th y ro id e i
-  Nodi Iym pho ide i p re trachea les
-  Nodi Iym pho ide i para tracheales
-  Nodi Iym pho ide i re tropha ryngea les

•  Nodi Iym pho ide i p ro fu nd i supe rio res
-  N odus lym ph o id e u s  jug u lod iga s tricu s
-  N odus lym ph o id e u s  la tera lis
-  N odus lym ph o id e u s  an te rio r

•  Nodi Iym pho ide i p ro fu nd i in fe rio res
-  Nodi Iym pho ide i ju g u loo m o hyo id e i
-  N odus lym ph o id e u s  la tera lis
-  Nodi Iym pho ide i an te rio res

•  Nodi Iym pho ide i suprac lav icu lares

•  Nodi Iym pho ide i accessorii
-  Nodi Iym pho ide i re tropha ryngea les
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Thyro id  gland -► Topography

Lymph vessels and lymph nodes of the neck

Fig. 11.76 C lassification  o f d ra in a g e  reg ion s  o f th e  head  and  
neck in to  c o m p a rtm e n ts ; accord ing  to  th e  c lass ifica tion  o f th e  
A m e rica n  J o in t C o m m itte e  o f C ancer (AJCC).

Fig. 11.77 Lym ph vessels and lym p h  nodes o f th e  la ryn x . Larynx, 
th y ro id  g lan d , G lan du la  th y ro id e a , and tra c h e a . T rachea; ventra l 
v ie w . [10]
A ll th re e  organs drain  in to  th e  deep  lym ph  nodes o f th e  neck.

i- Clinical Rem arks--------------------------------------
A cco rd in g  to  th e  c lass ifica tio n  o f  th e  A m e rica n  J o in t C o m m itte e  o f 
C ancer (AJCC), lym p h  node m étas tasés  o f th e  neck are d iv ided  
in to  s ix  zones (c o m p a rtm e n ts  I—V I; -» Fig. 11.76). These  c o m pa rt
m e n ts  se rve  as re fe ren ce  zones fo r  th e  e le c tive  surgica l rem ova l

o f m e ta s ta se s  in lym ph  nodes due  to  th e  lym ph o g en ic  spread o f 
m a lignan t tu m o u rs  o f th e  head and neck region  (neck d issection ). 
In juries to  th e  D uc tus  th o ra c icu s  during  su rg ica l in te rve n tio n s  in th e  
neck reg ion  can lead to  th e  d e v e lo p m e n t o f a chylous fis tu la.
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Vessels and nerves of the Trigonum submandibulare

Neck Muscles -► Pharynx -> Larynx

M. digastricus, 
Venter anterior

Glandula submandibularis

M. stylohyoideus

N. mylohyoideus 

M. mylohyoideus

M. hyoglossus

Ansa cervicalis, 
Radix superior

N. hypoglossus [XII]

N. vagus [X]
A. lingualis

V. jugularis externa M. digastricus, Tendo intermedius

V.; A. facialis

N. hypoglossus [XII]

N. accessorius

M. sternocleidomastoideus
V. jugularis interna

A. carotis externa

Os hyoideum

A. lingualis 

A. laryngea superior; N. laryngeus superior

R. marginalis mandibularis

Glandula parotidea

Fig. 11.78 Vessels and nerves  o f th e  Trig onu m  s ubm and ibu lare ;
in fe ro la te ra l v iew .
Upon d isse c tio n  o f th e  subm a n d ib u la r g land (G landula subm and ibu la 
ris) and th e  neurovascu la r bund le  as w e ll as a fte r  th e  rem ova l o f th e  
fasc ia l layers, th e  l\l. hypoglossus [X II] b eco m e s v is ib le . Th is  cranial

nerve  separa tes  fro m  th e  neu rovascu la r bund le  in th e  parapharyngeal 
space, c ro sses  th e  A. ca ro tis  ex te rna  and passes b e tw e e n  th e  M . hyo
g lossus and th e  in te rm e d ia te  te n d on  o f th e  M . d ig a s tricu s  un til it d isap
pears benea th  th e  M . m y lohyo ideus .

i- Clinical Rem arks--------------------------------------
In fla m m a tio n s  in th e  region  o f th e  lo w e r p rem o la rs  and m o la rs  can 
lead to  an abscess fo rm a tio n  in th e  fascial c o m p a rtm e n t o f th e  
G lan du la  su b m a n d ib u la ris  and th e  sub lingua l co m p a rtm e n t. A b
sce sses  fro m  th e  w is d o m  te e th  can even  reach th e  fasc ia l c o m pa rt
m e n t o f th e  Fossa re tro m an d ibu la ris  and descend  fro m  here  a long 
th e  fascia  o f th e  neck in to  th e  m ed ias tinum  to  cause a life-threa ten - 
ing in fec tio n .

In ju ry  to  th e  N. hypoglossus [X II], e.g. as a re su lt o f a tu m o u r in
filtra tio n  in to  a ce rv ica l lym ph  node (m e tastas is), is eas ily  d iagnosed: 
w h e n  s tre tc h e d  out, th e  to n g u e  dev ia te s  to  th e  s ide  w ith  im pa ired  
nerve  fu n c tio n , s ince  th e  m u sc le  fo rce  g ene ra ted  on th e  hea lthy side 
o f th e  to n g u e  excee d s  th a t o f th e  a ffe c te d  side.



Thyro id  gland -► Topography

Vessels and nerves of the neck and upper thoracic aperture

Ganglion cervicothoracicum 
[stellatum]

A. subclavia

Costa I

Pleura parietalis

Lig. longitudinale anterius

M. longus capitis

M. scalenus medius

R. interganglionaris

Truncus sympathicus,
Ganglion cervicale medium

N. phrenicus
M. scalenus anterior 

M. scalenus posterior 
V. vertebralis 

Vertebra cervicalis VII, Proc. transversus 
A. vertebralis 

Truncus thyrocervicalis 

A.; V. cervicalis profunda

(Nn. phrenici accessorii)

Vertebra cervicalis III

Discus intervertebralis

A. vertebralis, Pars transversaria

A.; V. thoracica interna Truncus brachiocephalicus

Vv. brachiocephalicae 
dextra et sinistra

Plexus brachialis

Truncus superior 

Truncus medius

Truncus inferior

Fig. 11 .79  Vessels and nerves in th e  tran s itio n  zon e  fro m  th e  
neck to  th e  th o ra x  and to  th e  u p per ex tre m ity .
V is ib le  are th e  p leura l cupu la , th e  sca lene  h ia tus, th e  lo w e r and m idd le  
s y m p a th e tic  ganglia  (G anglion cerv ica le  in fe riu s /ce rv ico th o ra c icu m / 
s te lla tu m  on to p  o f th e  head o f rib I and G anglion ce rv ica le  m e d iu m  on

to p  o f th e  M . longus colli), th e  co u rse  o f th e  N. ph ren icus, th e  co u rse  o f 
th e  A. ve rteb ra lis , T runci o f th e  P lexus brach ia lis and th e  A. subclavia. 
N um b e rs  IV to  VIII m a rk  th e  ve n tra l b ranches o f th e  co rrespond ing  sp i
nal nerves.

Fig. 11 .80  N eck , C o llum ; rad iograph in a n te ro p o s te rio r (AP) beam  
p ro je c tio n . [8]
B ila tera l cerv ica l ribs are v is ib le  (Costa cervica lis).

Clinical Remarks
A n a to m ic  va ria tions  in th e  region  o f th e  sca lene  h ia tus (cervical rib 
[cerv ica l rib  syn d ro m e ], n a rro w  sca lene  h ia tus, accesso ry  M . sca le 
nus m in im u s , o r abe rran t m uscu la r fib re s  [co lle c tive ly  ca lled  sca le 
nus a n ticu s  syndrom e ], o r  na rro w in g  o f th e  space  b e tw e e n  rib I and 
c lav ic le  [cos toc lav icu la r syndrom e ]) are th e  cause  fo r  th e  tho rac ic

o u tle t s yn d ro m e (TO S). TO S can re su lt in th e  c o m pre ss io n  o f th e  
P lexus brach ia lis and th e  A . subclavia.
The  sca lene  h ia tus is a lso th e  s ite  fo r  th e  a d m in is tra tion  o f an in ter- 
scalene brach ia l p lexus block.
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11 Neck Muscles -♦ ... -► Topography

Pleural cupula and entry of the Ductus thoracicus

A. intercostalis suprema

V. brachiocephalica

Membrana thyroidea 

Cartilago thyroidea 

Lig. cricothyroideum 

M. longus capitis

Os hyoideum

N. laryngeus superior, R. internus

N. laryngeus superior, R. externus 

laryngea superior

V. subclavia, Truncus 
lymphaticus subclavius

N. laryngeus recurrens

Truncus sympathicus, R. communicans to C4

R. communicans profundus to 04 and 05

Cartilago 

M. scalenus anterior 
Ganglion cervicale medium, R. communicans to C5 

Tuberculum caroticum, Angulus scalenovertebralis 
M. scalenus medius

A. thyroidea superior

A. thyroidea superior, R. glandularis posterior 

A. thyroidea superior, R. glandularis anterior 

A. carotis communis 

A. thyroidea superior, R. cricothyroideus

V. jugularis interna 

N. vagus [X], R. cardiacus cervicalis superior 

A. cervicalis ascendens
A.; V. vertebrali:

N. cardiacus cervicalis inferior

M. scalenus posterior

A.; V. cervicalis profunda

Ansa subclavia Ansa subclavia

N. phrenicus, 
N. phrenicus accessorius Ductus thoracicus

M. longus colli
A. pericardiacophrenica 

Plexus thyroideus impar

A. thyroidea inferior 
A. cervicalis superficialis, Truncus jugularis 

A. dorsalis scapulae 
A.; V. vertebralis 
A. suprascapularis

Ductus thoracicus
subclavia

Ganglion cervicale inferius,
Rr. communicantes to C7, C8 and T1

N. cardiacus cervicalis medius

R. cardiacus cervicalis medius

A.; V. thoracia interna,
Truncus lymphaticus bronchomediastinalis

Fig. 11.81 P reverteb ra l and p a rav e rteb ra l s tru ctu res  o f th e  neck  
and th e  upper th o rac ic  a p ertu re ; ve n tra l v iew .
O n th e  r ig h t s ide o f th e  body, th e  g rea t b lood  ve sse ls  w e re  rem oved  to  
p e rm it an u no b s tru c te d  v ie w  o n to  th e  p leura l cupu la  and th e  sym pa
th e tic  tru n k . The  G ang lio n  cerv ica le  in ferius  (Ganglion ce rv ico tho rac i- 
cum  [s te lla tu m ]) res ts  on th e  head o f rib I and G ang lio n  cerv ica le  m e 
d iu m  lies on  to p  o f  th e  M . longus co lli. The p leura l cupu la  e x te n ds

beyond  th e  upper th o ra c ic  ape rtu re . O n th e  le f t s ide , th e  g re a t b lood 
ve sse ls  and th e  le f t th y ro id  lobe w e re  le f t  in p lace. V is ib le  are th e  b lood 
supp ly  to  th e  th y ro id  g land, th e  R. in te rn u s  o f th e  N. la ryngeus supe rio r 
and th e  Vasa laryngea superio ra, th e  e n try  o f th e  D uc tus  th o ra c icu s  in to  
th e  le f t ve no u s  ang le  as w e ll as th e  co u rse  o f th e  N. vagus [X] b e tw e e n  
th e  A . ca ro tis  c o m m u n is  and th e  V. jugu la ris  interna.
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The Central Nervous System -  
Pressing Constriction and Open 
Expanse
C o m m o n ly  th e  te rm  "c e n tra l"  re fe rs  to  th o s e  parts  o f th e  ne rvous sys
te m , th e  brain (Encephalon) and sp ina l cord  (M edu lla  sp ina lis), w h ich  
are loca ted  w ith in  th e  cranial ca v ity  (Cavitas cranii) and in th e  ve rteb ra l 
canal (Canalis ve rteb ra lis ), re spective ly . The  loca tions  w h e re  cranial and 
sp ina l nerves (12 Nn. crania les, 31 Nn. sp ina les) e n te r and e x it th e  CNS 
m ark th e  b orde r b e tw e e n  th e  centra l ne rvous sys te m  (CNS) and th e  
periphera l ne rvous sy s te m  (PNS). D is ta l to  th is  b o rde r in th e  PNS, nerve 
fib re s  are co a te d  w ith  an insu la ting  shea th  fo rm e d  by  S C H W A N N 's  
ce lls ; in th e  CNS th is  insu la ting  laye r is p rov ided  by  o lig o de n d ro cy tes .

The Maters

Three  m e m bra n e s , kn ow n  as m e n in g es , c o m p le te ly  su rround  th e  brain 
and spinal co rd. D ire c tly  benea th  th e  ou te r, to u g h , pa rchm en t-like  
m e m bra n e  o f, th e  Dura m a te r (" to u g h  m o th e r" ) , lies a s o fte r  m e m 
brane o f, th e  A rachno idea  m a te r ("sp id e r-like  m o th e r" ) , fro m  w h ich  
fin e  and co b -w e b be d  fib re s  e m e rg e  to  th e  su rface  o f th e  CNS. The 
n a rro w  space  b e tw e e n  th e  A rachno idea  m a te r and Pia m a te r -  th e  sub 
arachno id  space  -  is f il le d  w ith  ce reb rosp ina l flu id  (CSF, L iquor ce rebro - 
sp ina lis), in w h ic h  th e  CNS flo a ts . D ire c tly  on th e  su rfa ce  o f th e  CNS 
lies th e  ve ry  de lica te  Pia m a te r ( " te n d e r  m o th e r" ) , w h ic h  se rves as an 
a tta c h m e n t s ite  fo r  th e  fib re s  o f th e  arachno id  m ate r.

Brain ...

The sku ll is a space  o f p ress ing  co n s tr ic tio n : th e  brain fills  th e  cranial 
ca v ity  a lm o s t co m p le te ly , o n ly  in a fe w  areas (especia lly  in th e  area of 
th e  occ ip ita l fo ra m e n , Foram en m agnum ), th e  subarachno id  space ex
te n d s  beyond  a fe w  m illim e tre s . The  brain  o f an a d u lt w e ig h s  on  av
e rage 1300 g ram s. In th e  d isse c tio n  labo ra to ry  -  th a t is in its  f ix e d  s ta te  
- t h e  brain  has a rubber-like  cons is tency. In th e  natural u n fixe d  sta te , its  
c o n s is te n cy  is m o re  th a t o f a s o ft pudd ing . Th is  c o n s is te n cy  is due  to  
its h igh m o is tu re  c o n te n t: The  brain  c o n s is ts  o f 85%  w a te r, w he re a s  
th e  re s t o f th e  b ody  o n ly  co n ta in s  a bo u t 65%  w a te r.

The  e m b ryo n ic  brain co m prise s  fiv e  pa rts  and c o n s is ts  o f fiv e  succes
s ive ly  a rranged h o llo w  cys ts . In th e  a du lt brain, on ly  th re e  parts  a re  s till 
recogn isab le . The  brain is h o llo w  ins ide . The  inn e r cav ities  are called 
ve n tr ic le s  and con ta in  ce reb rosp ina l flu id . The  la rg e s t o f th e  th re e  brain 
pa rts  is th e  C ereb ru m , w h ic h  ta ke s  up a lm o s t th e  e n tire  in te rio r o f th e  
sku ll w ith  th e  e xcep tio n  o f th e  area above  th e  Foram en m agnum . The 
ce reb ru m  co ns is ts  o f a r ig h t and a le f t h em isphere . The  su rface  o f th e 
se h e m isp h e re s  is en la rged  by  coarse  gyri (Gyri) and called th e  C ortex 
ce rebri. L ike w ise , th e  C erebe llum  co ns is ts  o f tw o  hem isp h ere s  and 
lies in th e  "p o s te ro - in fe r io r"  reg ion  o f th e  sku ll, above o f and b ila te ra l to  
th e  Foram en m a gn u m . Its  su rfaces  a lso con ta in  fo ld s  w h ic h  are m uch 
fin e r  and m o re  regu lar. These  leave -resem b ling  fo ld s  are ca lled  Folia 
ce rebe lli, enco m p a ss in g  th e  C ortex  ce rebe lli, th e  ce re b e llu m 's  o w n  
co rte x . The  unpa ired  b ra in s tem  (T runcus encephali) is a bo u t as th ic k  
as a th u m b , loca ted  a t th e  cranial base and e x te n ds  th ro u g h  th e  Fora
m en m agnum  in to  th e  sp ina l co rd. E xtens ive  p edunc les  (Pedunculi) 
c o n n e c t th e  b ra in s te m  to  th e  ce reb ru m  and ce reb e llu m . Ten o u t o f 
tw e lv e  cranial nerves e m e rg e  fro m  th e  b ra in s te m . In co n tra s t to  th e  
ce reb ru m  and ce reb e llu m , its  su rface  appears w h ite , because it is 
m a in ly  com posed  o f nerve fib res  (w h ite  m atte r, Substantia  alba), w h e re 
as th e  g rey  co rtices  m a in ly  c o n s is t o f ce ll bod ies  (grey m a tte r, S ubstan
tia  grisea).

... and Spinal Cord

The spinal cord  has a w h ite  su rfa ce  and res ides in a spacious spinal 
canal. The  spinal cord  is a bo u t as th ic k  as a pencil; h o w e ve r, th e  inner 
d ia m e te r o f th e  ve rteb ra l canal a lm o s t reaches th e  w id th  o f a th u m b . 
M o re  cauda lly  to w a rd s  th e  sacral bone th e  ve rteb ra l canal b ecom es 
n a rro w e r; in th is  lo w e r reg ion , it does n o t conta in  any spinal co rd, bu t 
ra the r roo ts  o f lum bar and sacral sp ina l nerves, each e x itin g  th e  spinal 
canal "m u c h  lo w e r"  th ro u g h  th e ir  respe c tive  in te rve rte b ra  I fo ram ina . 
The subarachno id  space is re la tive ly  w id e , and a space  fille d  w ith  abun
dan t ad ipose  tis su e  and ve ins  rem a ins  in b e tw e e n  th e  Dura m a te r and 
th e  bony w a ll o f th e  Canalis ve te b ra lis . E ncom pass ing  th e  M edu lla  sp i
nalis, th e  dura l sac e x te n ds  d o w n w a rd s  to  th e  coccyx. F low ever, th e  
caudal t ip  o f th e  spinal co rd  conc ludes  a t th e  leve l o f th e  second  lum bar 
ve rteb ra .

The d ia m e te r  o f th e  spinal cord  varies. C om pared  to  th e  se g m e n ts  
th a t innerva te  th e  less m u scu la r tru n k , th e  cerv ica l spinal co rd  is th icke r 
a t th e  s ite  o f th e  m o to r neurons respons ib le  fo r  th e  innerva tion  o f th e  
arm  m usc les . The  caudal p a rt o f th e  sp ina l cord  p rov id ing  innerva tion  to  
th e  lo w e r e x tre m it ie s  again s h o w s  an increased d ia m e te r. T hese  tw o  
enla rged  reg ions are te rm e d  In tum escentia  cervicalis and In tum escent- 
ia lum bosacra lis , respective ly .

The rad icu lar f ila m e n ts  (Fila radicularia) o f th e  dorsa l se nso ry  roo ts  o f 
th e  sp ina l nerves e n te r th e  spinal cord  b ila te ra lly  s ides a long tw o  long i
tud ina l lines  a t its  dorsa l su rface . O n its  ventra l su rface , th e  Fila rad icu
laria o f th e  ve n tra l m o to r roo ts  e x it in a s im ila r m anner. Five to  te n  Fila 
radicu laria  bund le  to  fo rm  th e  dorsa l and ve n tra l ro o ts  (Radix p os te rio r 
and Radix an te rio r); in th e  fo ra m e n  in te rve rteb ra le , an te rio r and p os te ri
o r roo ts  m e rge  to  fo rm  th e  sp ina l nerve , w h ich  passes th ro u gh  th e  in- 
te rve rte b ra l fo ra m e n  and e x its  b o th  th e  ve rteb ra l co lu m n  and th e  dural 
sac.

Caveat!

"B e w a re !"  app lies to  th e  CNS and e spec ia lly  to  th e  brain. The above 
su m m a ry  is abou t th e  su rfa ce  o f th e  organ and -  de lib e ra te ly  -  supe r
fic ia l in a co n te x tu a l sense . In te rna lly , no o th e r organ is as co m p le x  as 
th e  brain: If one  has seen  and u n d e rs to o d  a sm a ll part o f th e  liver, one 
co m pre h e nd s  th e  e n tire  liver. H o w e ve r, if one  has seen  a p a rt o f th e  
brain, o ne  ca nn o t d ra w  conc lus ions  a bo u t th e  o th e r parts, as no tw o  
ce lls  are iden tica l (a lthough th e y  can be c lass ified ). O n ly  a syn o p tic  ap
proach, invo lv ing  th e  a na tom y, p hys io logy, and p sycho logy/psych ia try , 
le ts  one  apprec ia te  th e  b ra in 's  co m p lex ity .
It shou ld  be no ted  a lso th a t th e  re la tionsh ip  o f th e  brain to  its  p roducts , 
th e  th o u g h ts , is s till a m ys te ry . Th is  m y s te ry  and th e  co m p le x ity  o f th e  
brain are o fte n  e xp lo ite d  as an excuse  to  indu lge  in supe rla tives , to  
speak o f " th e  m ira c le s " o f th e  brain, to  u n ite  hum an and brain, and to  
e m phas ise  u n iqueness by  saying: "  Look, th is  and o n ly  th is  is Y O U !"  
S o m e tim e s , es ta b lish in g  an essen tia lly  sa rcastic  d is tan ce  to  th is  "m i
racu lous o rg a n " as w e ll as to  o n e 's  o w n  th o u g h ts  is h e lp fu l. For ex
am ple , w ith  th e  (s lig h tly  a lte red ) w o rd s  o f th e  p hys io log is t Carl V og t 
(1 81 7 -1 89 5 ), a n o to rio u s  sco ffe r: "T h e  brain tre a ts  th e  th o u g h t as the  
live r th e  b ile  and th e  k idney  th e  urine : it d ischarges its p ro d u c ts " .
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-C lin ical Rem arks-----------------------------------
C om pris ing  a bo u t 15%  o f all fa ta lit ie s , s tro ke  is th e  th ird  m o s t 
fre q u e n t cause o f death  in W e s te rn  industria lised  coun tries , 
o n ly  su rpassed  by  m yocard ia l in fa rc tion  (M l) and m a lig na n t tu 
m o u rs  as th e  f irs t and second  m o s t fre q u e n t causes o f  death. 
Ischem ic  s tro ke s  fo rm  th e  la rg e s t g roup  (85% ). S trokes are th e  
m o s t fre q u e n t cause  o f acqu ired  d isa b ility  in adu lts  re su ltin g  in 
need o f care. There are 182 stroke cases per 100,000 in th e  popu
la tion . A nnua lly , 150 ,000  n e w  cases o f s tro ke  and 15,000  re
cu rren ce s  occur. The m a jo r neuro log ica l d iseases o f th e  e lde rly  
are A LZH E IM E R 'S  d isease  (p rogress ive  im p a irm e n t o f co gn itive  
fu n c tio ns ), P A R K IN S O N 's d isease, and cerebra l m ic roa n g io p a thy  
(B IN S W A N G E R 's  d isease).
A LZH EIM ER 'S  d isease is a neu ro d eg e n e ra tive  d isease. In its  
m o s t fre q u e n t fo rm , it a ffe c ts  e lde rly  peop le  o ve r 65  years o f age 
and co m prise s  a p p ro x im a te ly  60%  o f th e  a bo u t 2 4  m illion  co gn i
tiv e ly  im pa ired  (dem entia ) p a tie n ts  w o r ld w id e .
PA R K IN SO N 's d isease is a d egenera tive  d isease  a ffe c tin g  th e  
ex trapyram ida l m o to r sy s te m . Typ ica l s y m p to m s  inc lude  s lo w 
ness o f m o v e m e n t (bradykinesia), increased  m u sc le  to n u s  (ri
g id ity), re s ting  tre m o r, as w e ll as va rious  senso ry , au tonom ic , 
psycho log ica l, and co g n itive  im pa irm en ts . C urren tly , som e 
10 m illion  peop le  are e s tim a te d  to  s u ffe r  fro m  PA R K IN S O N 's 
d isease  w o rld w id e .
B IN S W A N G E R 's  d isease is th e  m o s t fre q u e n t cause  o f vascular 
d em e n tia . Th is  is th e  re s u lt o f a subco rtica l a rte rio sc le ro tic  e n 
ce ph a lop a th y  w ith  a rte ria l h ype rten s ion  and su b se q u e n t m ic ro 
ang iopa thy. A n  inc idence  o f m o re  than 3%  in th e  advanced  age 
g rou p  can be es tim a te d .
These  th re e  age-re la ted  d iseases c o m m o n ly  share m any 
s y m p to m s . P a tien ts  w ith  P A R K IN S O N 's d isease  o fte n  s u ffe r 
fro m  d em e n tia , and m any p a tie n ts  w ith  B IN S W A N G E R 's  d isease 
d isp lay  th e  sam e  im p a irm e n t in m o v e m e n t as p a tie n ts  w ith  
P A R K IN S O N 's d isease . P a tien ts  w ith  s tro ke  are p red isposed  to  
d eve lo p  A LZH E IM E R 'S  d isease ; P A R K IN S O N 's d isease  increases 
th e  risk o f s tro ke . N o causal tre a tm e n t is available  fo r  th e s e  th re e  
neu ro d eg e n era tive  d iseases and th e  dam age to  th e  brain is irre 
parable.

—► D i s s e c t i o n  L i n k

Upon rem ova l o f th e  brain fro m  th e  sku ll, th e  b lood  ve sse ls  and cranial 
nerves in th e  region  o f th e  cranial base and a t th e  base o f th e  brain 
as w e ll as th e  rem oved  brain  i ts e lf are inspected . For v isua lisa tion  o f 
th e  supe rfic ia l cerebra l ve ins , th e  arachno id  m a te r is rem oved  fro m  the  
brain. The cerebra l a rte ria l c irc le  (C ircu lus a rte riosus) w ith  a d jacen t ve s 
se ls  is d isse c te d  next. The  C ircu lus a rte rio su s  is de tached  a t th e  bran
ch ing  p o in ts  o f th e  b lood  vesse ls , g lued  to  a sh e e t o f paper and labelled. 
For th e  d isse c tio n  o f th e  ve n tric le s , re m na n ts  o f th e  L ep to m e n in x  are 
re m ove d , and th e  rem ain ing  b lood  ve sse ls  are traced , s tu d ie d  and re
m oved . W ith  th e  brain kn ife , a horizon ta l c u t above th e  C orpus ca llosum  
is n o w  be ing  co nd u c te d  and th e  latera l ve n tr ic le s  are opened  fro m  cra
nial. S evering  th e  tw o  C rura fo rn ic is  and d e fle c tio n  o f th e  Forn ix opens 
th e  th ird  ve n tr ic le . In th e  fo llo w in g  s tep , th e  d isse c tio n  o f th e  C ornu in- 
fe r iu s  o f th e  latera l ve n tr ic le , loca ted  in th e  te m p o ra l lobe, exposes the  
H ippocam pus fo rm a tio n . Th e rea fte r, th e  ce reb e llu m  is insp e c te d  e x te r
nally, d isse c te d , th e  ce rebe lla r nuc le i are e xam ined  and th e  Pedunculi 
ce rebe lli are rem oved  fro m  th e  b ra ins tem , expos ing  th e  fo u rth  ve n 
tric le . The  b ra ins tem  is severed ; th e  m idbra in  (M esencepha lon ), Pons, 
and M edu lla  ob longa ta  are s e c tion e d  in p lanes fo r  e xam ina tion . Frontal 
and horizon ta l se c tion s  th ro u g h  each o f th e  brain h e m isp h e re s  se rve  to  
s tu d y  th e  basal ganglia. Finally, m ed ia l and lateral tra c ts  (inc lud ing  the  
v isua lisa tion  o f th e  Insula, C apsula in terna, and o p tic  trac t) as w e ll as 
th e  pyram ida l tra c t, and th e  m idd le  and upper ce rebe lla r p edunc les  are 
exam ined . The  sp ina l co rd  is b e s t v isua lised  on th e  p rese rved  p rosec- 
te d  d e m o n s tra tio n  sp ec im e n , w h e re  th e  sp ina l co rd, th e  In tu m e sce n - 
tiae , th e  Cauda equ ina  su rrounded  by m e n in g es  and th e  o u tg o in g  spinal 
nerve pairs a re  v is ib le  in th e  opened  ve rteb ra l canal.

e x a m  : h e c k  l i s t
• S tru c tu re  o f  th e  n e rv o u s  s y s te m  • s u p e r f ic ia l a r te r ia l a nd  v e n o u s  
s y s te m s  o f  th e  s k u ll • m e n in g e s : S p a tiu m  s u b a ra c h n o id e u m , 
ty p e s  o f  b le e d in g  in ju r ie s  (e p id u ra l, s u b d u ra l, s u b a ra c h n o id  
b le e d in g s ) , D ura  m a te r, c o u rs e  o f  th e  A . c a ro t is  in te rn a , S in u s  
c a v e rn o s u s , S in u s  d u ra e  m a tr is  a nd  a ra c h n o id  m a te r  • d e v e lo p 
m e n t a n d  s tru c tu re  o f  th e  C N S  • T e le n c e p h a lo n : C o r te x  c e re b r i, 
h e m is p h e re s , G y r i, S u lc i, c e re b ra l c o r t ic a l a rea s , F o rn ix , H ip p o 
c a m p u s , b asa l g a n g lia , l im b ic  s y s te m , c l in ic a l re le v a n c e  • 
D ie n c e p h a lo n : E p ith a la m u s  (G la n d u la  p in e a lis , H a b e n u la e ), 
T h a la m u s  a n d  H y p o th a la m u s  (p itu ita ry  g la n d )  • T ru n c u s  c e re b r i:  
M e s e n c e p h a lo n , T e c tu m , L a m in a  te c ti,  T e g m e n tu m , F o rm a tio  
re t ic u la r is , N u c le u s  ru b e r, S u b s ta n t ia  n ig ra , C ru ra  c e re b r i, 
a s c e n d in g  a n d  d e s c e n d in g  p a th w a y s  • P ons: N u c le i p o n t is , 
M e d u lla  o b lo n g a ta , N u c le i ra p h e  a nd  o liv a ry  n u c le i • C e re b e llu m : 
s tru c tu re , N u c le i c e re b e lla re s , c e re b e lla r  tra c ts  a n d  a ta x ia  • tra c ts : 
a s s o c ia tio n , c o m m is s u ra l,  p ro je c t in g  tra c ts , T ra c tu s  p y ra m id a lis  
w ith  C a p su la  in te rn a  a n d  b lo o d  s u p p ly  • v e n t r ic u la r  s y s te m : 
v e n tr ic le s  a n d  s u b a ra c h n o id  s p a c e  (V e n tr ic u li e n c e p h a li) ,  V e n tr i-  
c u li la te ra le s , V e n tr ic u lu s  te r t iu s ,  V e n tr ic u lu s  q u a r tu s . P lexu s  
c h o ro id e u s  a nd  h y d ro c e p h a lu s  • c ir c u m v e n tr ic u la r  o rg a n s  • b lo o d  
s u p p ly : C irc u lu s  a r te r io s u s , b ra in  a r te r ie s  a n d  v e n o u s  d ra in a g e  • 
c ra n ia l n e rv e s : o lfa c to ry  b u lb  a n d  N . o lfa c to r iu s  [I ], p ro je c tio n s , 
v is u a l tra c t,  n u c le i o f  th e  T ru n c u s  e n c e p h a li, e x it  f r o m  th e  T ru n c u s  
e n c e p h a li, c e re b e llo p o n t in e  a n g le , c o u rs e , f ib re  q u a lit ie s  and  
c ra n ia l n e rv e  le s io n s  • M e d u lla  s p in a lis : s tru c tu re , In tu m e s c e n t ia e , 
ro o ts , C au d a  e q u in a , s p in a l m e n in g e s , b lo o d  s u p p ly , s e g m e n ts , 
S u b s ta n t ia  g r is e a , S u b s ta n t ia  a lb a  (a n te rio r , la te ra l, a n d  p o s te r io r  
fu n ic u lu s ) ,  p o s it io n  o f  th e  tra c ts  in  c ro s s -s e c t io n s  o f  th e  s p in a l 
c o rd , s p in a l c o rd  in ju r ie s  (h e m is e c tio n  a n d  q u a d r ip le g ia  o r  
p a ra p le g ia )
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Brain and Spinal Cord

Nervous system, overview

General -► M eninges and b lood supply

Encephalon

Nn. craniales

Plexus cervicalis

R. ventralis nervi spinales

Plexus lumbosacralis

Medulla spinalis

Plexus brachialis

Fig. 12.1 S tru c tu re  o f th e  nervous sys tem , S y s te m a  nervosum ;
ve n tra l and dorsa l v iew s .
The  nervous sy s te m  is d iv ided  in to  a ce n tra l (CNS) and a periphera l 
ne rvous sys te m  (PNS).
The  brain  and sp ina l cord  c o n s titu te  th e  CIMS w h ic h  regu la tes  co m p le x  
fu n c tio n s , inc lud ing  th e  s to rage  o f expe rie nce s  (m em ory), th e  crea tion  
o f im ag ina tio n s  (though ts) and e m o tio n s . The  CNS ass is ts  th e  w h o le  
b ody  in adap ting  qu ick ly  to  changes occurring  in th e  e n v iro n m e n t and 
w ith in  th e  body. The  P N S  is m a in ly  co m po se d  o f spinal nerves (w ith  
co n n e c tio n s  to  th e  sp ina l cord) and cranial nerves (w ith  co nn e c tio ns  to  
th e  brain). Its fu n c tio n  is to  enab le  co m m un ica tion  b e tw e e n  th e  organs

and th e  CNS, to  co n tro l th e  a c tiv ity  o f m u sc le s  and viscera , and to  p ro
v ide  an e ssen tia l link b e tw e e n  th e  su rrou n d in g  e n v iro n m e n t and th e  
b ody  in te rio r.
Functiona lly , th e  ne rvous sys te m  is d iv ided  in to  an a u to n o m ic  
(ve ge ta tive  v iscera l, co n tro l o f v iscera l ac tiv ity , m o s tly  invo lun tary) and 
a s o m atic  (anim alic, inne rva tion  o f ske le ta l m usc les , vo lu n ta ry  pe rcep 
tio n  o f se nso ry  inp u t, c o m m u n ica tio n  w ith  th e  su rround ing  env iro n 
m e n t) ne rvous sys te m . B oth  s y s te m s  are c lose ly  in te rlaced  and in te r
a c t w ith  each o the r.
B esides th e  nervous sy s te m , th e  endocrine  sy s te m  a lso p a rtic ipa tes  in 
th e  regu la tion  o f  body fu n c tio ns .
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Brain -► Sections -► Cranial nerves -► Spinal cord

Directional and positional informations

Rostral, anterior, front

Corpus pineale

Occipital, posterior,

Inferior, basal, bottom

Hypothalamus
Cerebellum

Caudal, bottom

Superior, parietal, top

Cerebrum
Thalamus

Colliculi superior et inferior

Medulla oblongata 

Ventral, anterior, front

Dorsal, posterior, back

Medulla spinalis

back

Telencephalon Mesencephalon Medulla oblongata
Diencephalon Metencephalon and Pons Medulla spinalis

Fig. 12.2  D irec tio na l and po s itio n a l in fo rm a tio n s  concern ing  th e  
cen tra l nervous system  (C N S  and sp inal cord); m edian  sec tion . 
D uring  brain  d eve lo p m e n t, th e  neural tu b e  bends and, th u s , th e  long i
tud ina l ax is  o f th e  fo re b ra in  (P rosencepha lon  =  D iencepha lon  and 
Te lencepha lon) t i lts  fo rw a rd . C onsequen tly , a un ique  n om enc la tu re  
w a s  g ene ra ted  as is sh ow n  in th e  fig u re . For exam p le , parts  fo rm e rly

pos itio n ed  dorsa lly , e .g . th e  M e te n cep h a lo n , re loca ted  to  a parie ta l s ite , 
y e t, th e ir  pos itio n  is s till re fe rred  to  as dorsal.
The  FOREL's axis  (*) re fe rs  to  th e  to p o g ra p h ic  axis b e tw e e n  th e  
Te lencepha lon  and D iencepha lon , w h ile  th e  ax is  p ro je c tin g  th ro u g h  th e  
ce n tre  o f th e  b ra ins tem  (Truncus encephali) is ca lled  M E Y N E R T 's  axis  
( * * ) .
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12 Brain and Spinal Cord General -» M eninges and b lood supp ly -►

Arteries of the head

A. submentalis
A. vertebralis

A. carotis interna, Sinus caroticus 

A. carotis communis

A. temporalis superficialis

A. meningea media

A. ophthalmica
A. supraorbitalis

A. supratrochlearis 

Aa. temporales profundae 

A. angularis 

A. sphenopalatina 

A. infraorbitalis 

A. palatina descendens

A. infraorbitalis 

A. meningea media

A. carotis interna, 
Pars cavernosa

A. temporalis 
superficialis

A. vertebralis

A. auricularis posterior

A. buccalis 

A. transversa faciei 

A. alveolaris inferior 

A. maxillaris

A. facialis

A. occipitalis

A. pharyngea ascendens

A. carotis externa

A. thyroidea superior

Fig. 12.3 E xterna l a rte ries  o f th e  head.
The A . ca ro tis  c o m m u n is  b ifu rca tes  (B ifu rca tio  ca ro tid is ) in to  th e  A . ca
ro tis  ex te rna  and A. ca ro tis  in te rna  a t th e  leve l o f th e  fo u rth  cervica l 
ve rteb ra . The  A. caro tis  ex te rn a  prov ides  th e  fo llo w in g  branches: Aa. 
th y ro id e a  superio r, lingualis, fac ia lis , pharyngea ascendens, occ ip ita lis ,

auricu la ris  p os te rio r, m axillaris , and te m p o ra lis  supe rfic ia lis ; th e  A . ca
ro tis  in tern a  ascends cran ia lly  w ith o u t g iv ing  o ff  b ranches 
(-*  Fig. 12.15), passes th ro u g h  th e  sku ll base in to  th e  cranial cav ity , and 
p rim a rily  supp lies  b lood to  th e  brain.

i- Clinical Rem arks--------------------------------------
F requen tly , th e  ca ro tid  b ifu rca tion  is th e  s ite  o f p a th o lo g ic a l a l
te ra tio n s  in vascu latu re  (extracrania l a rte rio sc le ro s is : p laques, s te 
nosis, and occ lus ion). Loca ted  w ith in  th e  ca ro tid  b ifu rca tion  is th e  
G lo m us  ca ro ticu m  (n o t s h o w n  in th e  fig u re , -*  Fig. 12.155). A s  a 
paragang lion , it co n ta in s  ch e m o re c e p to rs  w ic h  respond  to  changes 
o f th e  pH , 0 2, and C 0 2 c o n te n t o f th e  b lood.

The caro tid  sinus syn d ro m e  c o n s titu te s  a h y p e rse n s itiv ity  o f the  
p resso re ce p to rs  loca ted  in th e  ca ro tid  s inus. F requen tly , ro ta tiona l 
m o v e m e n ts  o f th e  head can tr ig g e r a re fle x  causing  a sudden  de
crease  in heart bea t (vasovagal re flex). Th is  can re su lt in m a jo r c ircu 
la to ry  co m p lica tio n s  and cardiac arrest.
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Brain -► Sections -► Cranial nerves -► Spinal cord

Arteries of the head

A. vertebralis

A. carotis interna, Pars cervicalis 

A. carotis externa 

A. carotis communis

A. callosomarginalis

A. cerebri media 

A. carotis interna, Pars cerebralis

A. communicans posterior

A. cerebri posterior

A. inferior anterior cerebelli 

A. basilaris 

A. inferior posterior cerebelli 

A. carotis interna, Pars petrosa

A. cerebri anterior

A. ophthalmica 

Siphon caroticum

A. carotis interna, Pars cavernosa

Fig. 12.4  In tern a l a rte ries  o f th e  head.
Four large a rte ries  supp ly  b lood  to  th e  brain: th e  paired Aa. ca ro tides  
in te rnae  and th e  paired  Aa. ve rteb ra les . These  fo u r b lood  ve sse ls  fe e d  
in to  th e  C ircu lus arteriosu s  cerebri (W ILLIS II, —► Fig. 12.95) loca ted  at 
th e  base o f th e  brain, w h ic h  c rea tes  an ana s tom o s is  b e tw e e n  th e  Aa. 
ca ro tid e s  in te rnae  and th e  Aa. ve rte b ra le s  and re leases paired  branches 
o f th e  cerebra l a rte ries  Aa. ce reb ri an te rio r, ce reb ri m edia , and cerebri 
pos te rio r.

The  a nas tom os ing  b lood vesse ls  w ith in  th e  C ircu lus a rte rio su s  ce rebri 
(W ILLIS II; c irc le  o f W ILL IS ) o fte n  are so n a rro w  th a t th e y  w ill n o t p e rm it 
a s u ffic ie n t exchange  o f b lood.
A t  norm al in tracran ia l p ressure , th e  ips ila te ra l A . caro tis  in tern a  and 
th e  A . cerebri p o ste rio r usua lly  supp ly  b lood  to  each cerebra l hem is
phere. In a bo u t 10%  o f cases, bo th  Aa. ce reb ri an te rio re s  branch o ff 
th e  sam e A. ca ro tis  in te rna  on one  side . A lso , in 10%  o f cases th e  A. 
ce reb ri p o s te rio r d e rives  fro m  th e  A. c o m m un ica ns  p os te rio r, w h ic h , in 
tu rn , b ranches o ff  th e  A. ca ro tis  interna.

b

Figs. 12.5a and b In tern a l caro tid  a rtery , A . caro tis  in terna; a A P  rad iograph, d ig ita l su b tra c tion  ang iography (DSA)
radiographs a fte r  un ila te ra l in jec tion  o f c o n tra s t m e d iu m  (ang iogram s). b la tera l rad iograph, d ig ita l su b tra c tion  ang iography (DSA)
The c o n tra s t m e d iu m  d is tr ib u te s  to  th e  vesse ls  o f th e  contra la te ra l s ide 
via th e  C ircu lus a rte rio su s  ce rebri (W ILLIS II).
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12 Brain and Spinal Cord General -» M eninges and b lood supp ly -►

Veins of the head

Vv. superiores cerebri

Foramen interventriculare

(V. emissaria frontalis)

Sinus sphenoparietalis

V. ophthalmica superior

V. angularis

Sinus cavernosus

V. ophthalmica inferior

Plexus venosus foraminis ovalis

Plexus pterygoideus

V. facialis

V. retromandibularis

V. basal is**

Sinus rectus

V. emissaria occipitalis

Confluens sinuum

V. occipitalis 

V. emissaria mastoidea

Sinus sigmoideus

Bulbus superior venae jugularis

V. thalamostriata superior

V. emissaria parietalis
Sinus sagittalis inferior

V. interna cerebri

Sinus sagittalis superior

V. magna cerebri*

Fig. 12.6 In tern a l and e x te rn a l veins o f th e  head.
The in terna l and ex te rna l ve in s  o f th e  head co m m u n ic a te  via by  nu
m erous  a nas tom oses . Th is  inc ludes th e  Vv. em issariae  and o ph tha lm i- 
cae as w e ll as th e  P lexus venosi.

ve in  o f GALEN 
ROSENTHAL'S  ve in  
ve in  o f LABBE 

* * * *  T R O LA R D 's  ve in

Clinical Rem arks-----------------------------------
In juries to  th e  scalp can re su lt in the  spread of ge rm s  via th e  Vv. 
em issariae  and th e  Vv. d ip lo icae  o f the  D ip loe  (-» Fig. 12.8) into  
th e  S inus durae m a tris  and th e  intracran ia l space.

Em issary Veins, V v . em issariae  -  Passage T h ro u g h  th e  Skull

V. em issaria S ite  of Passage

V. em issaria  parie ta lis Foram en parie ta le

V. em issaria  m asto idea Foram en m asto ideum

V. em issaria  occ ip ita lis O pen ing  in th e  area o f the  
P ro tuberan tia  occ ip ita lis  externa

V. em issaria  condylaris Canalis condyla ris

P lexus venosus canalis 
nervi hypog loss i

Canalis nervi hypog loss i

P lexus venosus fo ram in is  ovalis Foram en ovale

P lexus venosus ca ro ticus 
in te rnus

Canalis ca ro ticus
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Brain -► Sections -► Cranial nerves -► Spinal cord

Veins of the head

Sinus sagittalis superior
V. emissaria parietalis

Lacunae laterales

Os parietale 

Vv. diploicae

Dura mater cranialis

Arachnoidea mater 
cranialis

Pia mater cranialis

Spatium
subarachnoideum

Substantia alba

Sutura sagittalis

------- --------  Falx cerebri

/

Granulationes arachnoideae

Epidermis]

Dermis [Corium]

Galea aponeurotica 

Lamina externa

DiP'°® Calvaria

Lamina interna.

Spatium subarachnoideum

Fig. 12.7 C alvaria , C alvaria , m en ing es . M e n in g e s , and dural 
ven ous sinuses. S in us  du rae  m atris ; fro n ta l se c tion .
In th e  adu lt, th e  ce reb rosp ina l flu id  is m a in ly  reabsorbed  in to  th e  ve 
nous sy s te m  th ro u g h  th e  P A C C H IO N IA N  gra n u la tio n s  (G ranula tiones 
arachno ideae, a rachno id  p ro trus io n s  in to  th e  S inus sag itta lis  su pe rio r o r

th e  Lacunae latera les) a long  th e  S inus sag itta lis  supe rio r. A dd itiona lly , 
reabso rp tion  o ccurs  th ro u g h  th e  lym ph a tic  shea ths  o f sm a ll ve sse ls  o f 
th e  cranial Pia m a te r and th ro u gh  th e  perineura l shea ths  o f th e  cranial 
and th e  spinal nerves (n o t show n).

Sutura sagittalis

Sutura coronalis

Vv. diploicae frontales

Vv. diploicae temporales 
anteriores

Vv. diploicae occipitales

Vv. diploicae temporales posteriores

Fig. 12.8  D ip lo ic  canals, C anales d ip lo ic i, and d ip lo ic  veins , Vv. 
d ip lo icae , o f th e  calvaria , C alvaria , r ig h t side; su pe rio r ob lique  
v ie w ; a fte r  th e  ex te rna l laye r o f th e  c o m p a c t bone  has been rem oved  
fro m  th e  Calvaria.

Passing th ro u g h  th e  d ip lo ic  space are d ip lo ic  canals, w h ic h  harbou r th e  
Vv. d ip lo icae . They co m m u n ic a te  w ith  th e  Vv. em issariae  and th e  S inus 
durae m atris .
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Brain and Spinal Cord General -► M eninges and b lood supply

Blood supply of the Dura mater

I Galea aponeurotica

V. meningea media

Lacunae laterales

Dura mater cranialis

A. meningea media, R. frontalis

Granulationes arachnoideae

A. meningea media, R. parietalis

Fig. 12.9 C ranial du ra  m ate r. D ura m a te r  crania lis , and S inus  
s ag itta lis  superior w ith  so m e Lacunae la tera les ; su pe rio r v iew .
The  Calvaria has been re m ove d . On th e  le f t s ide  o f th e  body, th e  Dura 
m a te r crania lis has been o pened  a long th e  Lacunae la te ra les  and the  
c o n flu e n ce  o f th e  Vv. m en in g ea e  m ed ia e  in to  th e  lacunae is sh ow n . 
The  PAC CH IO NIAN  g ranu la tions  (G ranula tiones arachno ideae) res ide

w ith in  th e  lacunae. O n th e  righ t s ide  o f th e  body, th e  G ranu la tiones 
a rachno ideae are v is ib le  as th e y  rise  above  th e  leve l o f th e  dura. The 
la tte r e x te n d  in to  th e  ca lvarian bone . H ere th e y  gene ra te  ch ara c te ris tic  
im p re ss ion s  and co m m u n ic a te  w ith  th e  Vv. d ip lo icae.

*  c o n flu e n ce  o f th e  Vv. m en ingeae  m ediae  in to  th e  Lacunae latera les

Fig. 12 .10  P ro jection  o f th e  Rr. fro n ta lis  and p a rie ta lis  o f th e  
A . m en in g ea  m ed ia  o n to  th e  side o f th e  sku ll. Circles m ark  th e  
p ro je c tio ns  o f th e  m ain b ranches o f th e  A . m en ingea  m edia.
The m a in  b ranches o f th e  A . m en ingea  m edia  are loca ted w h e re  the  
upper horizon ta l line c ro sses  th e  ve rtica l line passing  th ro u g h  th e  m id 
d le  o f th e  zyg om a tic  a rch  and th e  ve rtica l line  passing  th ro u gh  th e  pos
te r io r  part o f th e  Proc. m as to ideus .

*  c lin ica l te rm : Linea horizon ta lis  a u ricu loo rb ita lis  (FRANKFORT 
horizon ta l line)

* *  c lin ica l te rm : Linea horizon ta lis  supraorb ita lis
* * *  ve rtica l line th ro u gh  th e  m idd le  o f th e  A rcu s  zyg om a ticus
* * * *  ve rtica l line th ro u gh  th e  p o s te rio r p a rt o f th e  Proc. m a s to id e u s

Clinical Rem arks--------------------------------------
M e n in g io m a  are th e  m o s t fre q u e n t ben ign  intracran ia l tum o u rs . 
O fte n , th e y  deve lop  in th e  reg ion  o f th e  PAC CH IO NIAN  granula
tio n s  (G ranula tiones arachnoideae), a longs ide  th e  Falx cerebri, in the  
reg ion  o f th e  spheno ida l w in g s  (clinoidal), and in th e  o lfac to ry  pit. 
A  b lu n t im pa c t traum a  aga inst th e  s ide  o f the  head can resu lt in a 
frac tu re  of th e  skull. The m o s t like ly  loca tion  fo r  a fra c tu re  is w h e re

th e  upper horizonta l line (pos itioned  above th e  o rb it) c rosses th e  tw o  
ve rtica l lines passing  m id w a y  th rough  th e  zygom a tic  arch o r th rough  
th e  p os te rio r pa rt o f th e  m asto id  p rocess. An ep id ura l h a e m a to m a  
resu lts  in th e  e ve n t o f a rup tu re  o f e ithe r th e  R. fro n ta lis  o r th e  R. 
parie ta lis  o f th e  A . m en ingea  m edia (-» Fig. 12.11).
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Brain -► Sections -► Cranial nerves -► Spinal cord

Intracranial bleeding

Epidural haematoma

Skull fracture in vicinity 
of the A. meningea media

Falx cerebri

Hernia of the temporal 
protruding under the Tentorium cerebelli

Hernia of the Tonsilla

Tentorium

Deviation from midline

Detachment of the Dura mater 
from the Skull bone

Fig. 12.11 Ep idural h a e m a to m a ; fro n ta l se c tion ; fro n ta l v iew .
A n  in ju ry  to  th e  A. m en ingea  m edia  on th e  righ t s ide  o f th e  b ody  has 
resu lted  in an a rte ria l b leed ing  b e tw e e n  th e  Calvaria and Dura m ate r.

The p ressu re  o f th e  haem a tom a  causes th e  m id line  to  d ev ia te  s ide 
w a ys  and re su lts  in pa rts  o f th e  te m p o ra l lobe be ing  squeezed  under
neath  th e  T e n to riu m  ce rebe lli th ro u gh  th e  Incisura te n to rii.

Acute
subdural

haematoma

Brain oedema

Subdural haematoma with 
intracerebral bleeding 
into the temporal lobe

Fig. 12.12 S ub dura l h a e m a to m a  and in tracereb ra l b leed ing;
fro n ta l se c tion ; fro n ta l v iew .
R up tu res  o f b ridg ing  ve ins  resu lted  in an acute  subdura l haem atom a on 
th e  righ t s ide  and a subdura l haem atom a w ith  in trace rebra l b leed ing  
in to  th e  te m p o ra l lobe on th e  le f t  s ide.

Fig. 12.13 S ub dura l h a e m a to m a ; su pe rio r v ie w  a t th e  brain. [5] 
Large fre sh  b ila te ra l tra u m a tic  subdura l haem atom a (arrow s) on  th e  in
ner a s p e c t o f th e  Dura m a te r (red a rro w  = Falx cerebri). The dura above 
th e  haem a tom a  has been d e fle c ted .

i- Clinical Rem arks--------------------------------------
Head traum a, e .g. caused  by  ca r a cc iden ts , can re su lt in in ju ries  to  
th e  A. m en ingea  m edia , w h ic h  su pp lies  b lood to  th e  Dura m ate r. 
O fte n , th e  p a tie n t se em s to  have no a ppa ren t in ju ries  and rem ains 
w ith o u t s y m p to m s  during  th e  f irs t 30  m inu te s . The o n se t o f an arteria l 
b leed ing  causes th e  Dura m a te r to  de tach  fro m  th e  inside  o f th e  sku ll 
and an ep id ura l h a e m a to m a  d eve lops. Th is  re su lts  in th e  d isp lace
m e n t o f pa rts  o f th e  brain  and increasing  p ressu re  on th e  brain, brain
s te m , and cranial nerves w ith  se rio u s  n eu ro log ica l d e fic its  and pa tho 
logical re flexes . E lderly peop le  o fte n  have m o re  fra g ile  ve in s  and even

sm a ll in ju ries  can lead to  th e  ru p tu re  o f b ridg ing  ve ins  (connecting  
ve in s  b e tw e e n  cranial v e in sa n d  S inus durae m atris), causing  th e  fo rm a 
tion  o f a subdural h a e m a to m a . Thereby, a cu te ly  o r in a m o re  sub
tle  w a y  (so m e tim e s  o ve r w ee ks), ve no u s  b lood  co lle c ts  b e tw e e n  
th e  Dura m a te r and th e  arachno id  m a te r. P a tien ts  s h o w  genera l and 
unch a ra c te ris tic  s y m p to m s  like d izziness, headache, fa tig u e , lis t
lessness, o r con fu s io n . S ubdura l haem atom a can a lso co inc ide  w ith  
in trace rebra l b leed ing  and co rrespond ing  acute  neuro log ica l d e fic its  
(-» pp. 240, 256, 267, and 270).
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Durai venous sinuses and parts of the A. carotis interna

Sinus sphenoparietalis

A. carotis interna 

N. opticus [II] 

Sinus cavernosus

Hypophysis 

Crista galli 

Sinus intercavernosi 

Plexus basilaris

Falx cerebri

Sinus sagittalis superior 

Sinus sagittalis inferior

Vv. superiores cerebri

V. magna cerebri

Incisura tentorii 

Sinus transversus

Sinus sigmoideus 

Sinus rectus 

Confluens sinuum 

Tentorium cerebelli

Sinus occipitalis

Sinus marginalis

Foramen magnum 

Tentorium cerebelli 

Sinus petrosus superior

Tentorium cerebelli

Sinus petrosus inferior

Falx cerebri

Fig. 12 .14  C ranial dura m ate r, Dura m a te r  c ran ia lis , and dural 
ven ous s inus. S inus du rae  m atris ; supe rio r o b liq ue  v ie w ; T e n to riu m  
ce rebe lli pa rtia lly  rem oved .
The  cranial dura m a te r lines th e  cranial ca v ity  c o m p le te ly  and t ig h tly  
adheres to  th e  sku ll bones. The  S inus durae m a tris  course  w ith in  th e  
dura. The  Falx cerebri p ro trud e s  in th e  sag itta l p lane in a s ick le -like  
shape and s tre tc h e s  fro m  th e  C rista  galli to  th e  ridge o f th e  T ento rium  
cerebe lli. This, in tu rn , spans th e  p os te rio r cranial fossa  and is a ttached

along th e  S inus tra n sve rsu s  and th e  pyram ida l edge . The  m arg ins o f 
th e  Incisura te n to r ii e nve lope  th e  m idbra in  (M esencepha lon ) and taper 
o f f  in to  th e  Plicae pe tro c lin o id ea e  w h ic h  p ro je c t to  th e  Procc. c lino ide i 
a n te rio r and p os te rio r. The  Falx ce reb ri and th e  T e n to riu m  ce rebe lli d i
v ide  th e  cranial ca v ity  in to  th re e  spaces th a t are in c o m p le te ly  separa ted  
fro m  one  ano the r, con ta in ing  th e  tw o  cerebra l h e m isp h e re s  and the  
C erebe llum .

A. cerebri anterior 

Pars cerebralis

A. ophthalmica

A. hypophysialis superior

Rr. ganglionares trigeminales 

R. meningeus 

A. hypophysialis inferior

Pars petrosa

A. canalis pterygoidei

A. cerebri media

A. choroidea anterior 

A. communicans posterior 

R. meningeus 

• Rr. basales tentorii

Pars cavernosa

Apertura interna canalis carotici 

A. caroticotympanicae

Apertura externa canalis carotici 

Pars cervicalis

Fig. 12.15 P arts o f th e  A. caro tis  in tern a . [8 ]

The A. ca ro tis  in te rna  d iv id e s  in to  fo u r parts : Pars ce rv ica lis , Pars p e tro 
sa, Pars cavernosa, and Pars ce rebra lis . A long  its  course  th ro u g h  th e  
base o f th e  sku ll, th e  A. ca ro tis  in te rna  passes th ro u gh  th e  A pe rtu ra  
ex te rna  canalis ca ro tic i, th e  A p e rtu ra  in te rna  cana lis ca ro tic i, and

th ro u g h  th e  Dura m a te r. In th e  Pars ce rv ica lis  sm a ll ve sse ls  branch o ff.

*  ca ro tid  a rte ry  s iphon
* *  passage th ro u g h  th e  Dura m a te r crania lis in th e  region  o f th e  D ia

phragm a sellae
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Sinus cavernosus

Diaphragma sellae 

Sinus intercavernosi 

Sinus cavernosus 

N. oculomotorius [III]

A. carotis interna, Pars cavernosa 

N. trochlearis [IV]

N. abducens [VI]

N. ophthalmicus [V/1]

Dura mater cranialis

Infundibulum

Chiasma opticum 

N. opticus [II]

A. ophthalmica

A. carotis interna, Pars cerebralis

Neurohypophysis I
I Hypophysis

Adenohypophysis/ [Glandula Pituitaria  ̂

Sella turcica, Fossa hypophysialis

N. maxillaris [V/2] Sinus sphenoidalis

Fig. 12 .16  P itu ita ry  g lan d . H ypophysis  [G lan du la  p itu ita r ia ], and  
S in us  cavernosus; fro n ta l se c tion ; p o s te rio r v iew .
The p itu ita ry  g land is su rrounded  by  th e  righ t and le f t S inus cavernosus, 
w h ic h  co m m u n ic a te  via th e  S inus in te rcave rnos i. The  A. ca ro tis  in terna  
and latera l th e re o f th e  N. abducens [VI] run th ro u g h  th e  ce n tre  o f the

th e  S inus cavernosus; th e  Nn. o cu lo m o to riu s  [III], tro ch le a ris  [IV], oph
th a lm icu s  [V/1], and m axilla ris  [V /2] a re  loca ted  in th e  w a ll o f th e  S inus 
cavernosus. The  S inus sp heno ida lis  is loca ted  benea th  th e  Sella tu rc ica  
w h ic h  co n ta in s  th e  p itu ita ry  gland.

(Proc. clinoideus medius) 
N. opticus 

A. carotis interna, Pars cerebralis 
A. ophthalmica

N. oculomotorius [III] 

N. trochlearis [IV] 

N. ophthalmicus [V/1] 

N. maxillaris [V/2] 

Ganglion trigeminale

Sulcus prechiasmaticus

Diaphragma sellae

Hypophysis [Glandula pituitaria]

N. abducens [VI]

Fissura sphenopetrosa

A. carotis interna, Pars cavernosa

N. mandibularis [V/3]

Fig. 12.17 S inus cavernosus , le ft s ide; la tera l v ie w ; th e  latera l part The  co u rse  o f th e  Pars cavernosa o f th e  A. ca ro tis  in te rna  and th e  pas-
o f th e  Dura m a te r c o n tr ib u tin g  to  th e  fo rm a tio n  o f th e  s inus w a ll has sage o f th e  N. abducens [VI] th ro u g h  th e  S inus ca vernosus is sh ow n ,
been re m ove d ; th e  G anglion tr ig e m in a le  w a s  d e fle c te d  laterally.

[- Clinical Rem arks--------------------------------------
A  d isease  o f th e  S inus cavernosus (cavernous sinus syn drom e; 
cavernous s inus  th ro m b o s is , tu m o u r, m e tas tas is , a neu rysm  o f the  
A. ca ro tis  in terna , in fla m m a to ry  in filtra tio n ) co in c id es  w ith  unila teral 
pa lsy o f th e  abducens and o c u lo m o to r nerves in co m b in a tion  w ith  
senso ry  d e fic its  o f th e  f ir s t  tr ig em in a l branch (N. o ph tha lm icu s  [V/1 ]). 
A cu te  o n s e t o f th e s e  s y m p to m s  in co m b in a tion  w ith  s igns  o f im 
paired  venous d ra inage, like ve no u s  s tas is  o f th e  c o n te n t o f th e  o rb it

w ith  a sw e llin g  o f eye lid s  and con ju n c tiva  as w e ll as a P ro trus io  bulb i 
(p rop tos is) s u g g e s t a ve no u s  th ro m b o s is  and /o r a fis tu la  b e tw e e n  
th e  A. ca ro tis  in te rna  and th e  S inus cavernosus.
A rte rio sc le ro tic  a lte ra tio n s  in th e  vascu lar w a ll are re la tive ly  fre 
q u e n t a t th e  s ite  w h e re  th e  A . ca ro tis  in te rna  b ranches o ff  th e  A. 
ca ro tis  c o m m u n is  as w e ll as in th e  Pars cavernosa o f th e  in terna l 
ca ro tid  artery.
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Durai venous sinuses

Sinus sphenoparietalis

Sinus cavernosus

V. meningea media

Plexus venosus foraminis ovalis

Sinus petrosus inferior

Sinus petrosus superior

Buibus superior venae jugularis

V. anastomotica inferior*

Sinus intercavernosi

Sinus marginalis

Sinus occipitalis

Sinus rectus

Confluens sinuum

Sinus sagittalis superior

V. ophthalmica superior

Sinus sigmoideus

Sinus transversus

Plexus basilaris

Fig. 12.18 D ural ven ous sinuses. S inus du rae  m atris ; corros ion  
cast; su pe rio r v iew .
The  dura l venous s inuses are rig id  ve no u s  canals devo id  o f va lves th a t 
drain  th e  venous b lood  fro m  th e  brain via so-called b ridg ing  ve ins . The 
m ain dra inage fro m  w ith in  th e  sku ll o ccu rs  via th e  S inus s ig m o id e i in to  
th e  Vv. jugu la res  in te rnae  (in itia lly  fo rm in g  th e  B u ibus su pe rio r venae 
jugu laris). A dd itio n a lly , th e  Vv. oph tha lm ica e  supe rio res  (in th e  o rb it, 
n o t v is ib le  b u t ind ica ted  by  th e  a rrow , co m m un ica tion  via th e  Fissura 
o rb ita lis  superio r) and th e  h igh ly  variab le  Vv. em issariae  ( - *  Fig. 12.6)

fo rm  a se ries  o f sm a lle r, like w ise  va lve less , venous co nn e c tio ns  be
tw e e n  th e  in tra- and extracran ia l reg ions.
The tw o  S inus cavernosi assum e  a centra l pos itio n  by be ing  s itua ted  
in th e  m idd le  cranial fossa  to  bo th  s ides o f  th e  Sella tu rc ica . They co m 
m u n ica te  w ith  each o th e r th ro u g h  th e  S inus in te rcave rnos i and 
e ith e r d ire c tly  o r in d ire c tly  w ith  m o s t o th e r s inuses and w ith  th e  ve ins  
o f th e  o rb it and th e  in fra te m p o ra l fossa.

*  ve in  o f LABBE to  th e  Vv. m ediae  su pe rfic ia les  ce rebri

Clinical Remarks
T h ro m b o s is  in th e  S inus du rae  m atris , e.g. caused  by  cerebra l 
co n tu s io n  o r in f la m m a tio n s  like m idd le  ear in fe c tio n s , can lead to  
a partia l o r co m p le te  b lockage  w ith  resu lting  brain o edem a  and

h aem orrhag ic  in fa rc tion  due  to  a s tas is -induced  d ia p e de tic  b leed ing . 
S ym p to m s  inc lude  headaches, nausea, v o m itin g , and e p ile p tic  se i
zures.
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Superficial vessels of the brain

Sinus sagittalis superior

A. sulci precentralis

A. sulci centralis

Rr. paracentrales

A. sulci postcentralis

Bridging veins

A. parietalis posterior 

R. gyri angularis

R. precunealis

R. parietooccipitalis

Granulationes arachnoideae

Lacunae laterales

Vv. superiores cerebri,
Vv. occipitales

Vv. superiores cerebri,
Vv. frontales callosomarginalis

Vv. mediae 
superficiales cerebri

V. anastomotica superior

Vv. superiores cerebri,
Vv. parietales

Dura mater cranialis

Fig. 12 .19  S up erfic ia l a rte ries  and veins  o f th e  bra in; supe rio r 
v ie w ; a fte r  rem ova l o f th e  cranial dura m a te r and se c tion in g  o f th e  
S inus sag itta lis  supe rio r; cranial a rachno id  m a te r rem oved .
The supe rfic ia l a rte ries  and ve in s  supp ly  th e  cerebra l co rte x  and the  
su b ja ce n t basal ganglia. S uperfic ia l ve ins  are th e  Vv. supe rio res  cerebri, 
th e  V. m edia  supe rfic ia lis  ce rebri, and th e  Vv. in fe rio re s  ce reb ri (not

sh ow n ). A n a s to m ose s  usua lly  c o n n e c t th e  larger ve ins  (V. a n a s to m o ti
ca su pe rio r [T R O LA R D 's  ve in , -» Fig. 12.6] and V. ana s tom o tica  in fe rio r 
[ve in  o f LABBE, -» Figs. 12.6  and 12.18]). The  Vv. su pe rio res  ce rebri 
drain  in to  th e  S inus sag itta lis  su pe rio r d ire c tly  or, via dura m ate r- 
p ie rc ing  sm a ll b ridg ing  ve ins , c o n n e c t w ith  th e  Lacunae la tera les w h ich  
th e n  drain  in to  th e  S inus sag itta lis  superio r.

P Clinical Rem arks--------------------------------------
In juries  to  th e  b rid g in g  veins  re su lt in th e  accum u la tion  o f b lood 
b e tw e e n  th e  dura and th e  arachno id  m a te r and can cause a subdura l 
haem a tom a  (-» Fig. 12.12). Particu la rly  th o se  e ld e rly  p a tie n ts  w ith  
age-re la ted  a tro p hy  o f th e  brain and fra g ile  b ridg ing  ve in s  have a

g rea te r te n d e n c y  to  d eve lop  a chronic  subdural h a e m a to m a . This 
typ e  o f haem atom a is ove rlo o ked  eas ily  due  to  th e  su b tle  nature  
o f th e  ve no u s  b leed ing  and th e  inab ility  o f th e  p a tie n t to  recall th e  
in itia ting  sm a ll traum a.
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Leptomeninx

Vv. superiores cerebri,
Vv. parietales

mater

Granulationes arachnoideae

Fissura longitudinalis cerebri

Arachnoidea
cranialis

Fig. 12.20 B rain , E ncephalon , w ith  c ran ia l a rachn o id  m ater, 
A rachno idea  m a te r  cranialis; su pe rio r v iew .
The  cranial a rachno id  m a te r covers  th e  brain . The Falx ce reb ri (a dup li
ca tion  o f th e  Dura m a te r crania lis), no rm a lly  res id ing  w ith in  th e  Fissura  
lo n g itu d in a lis  cerebri, d iv ides  th e  tw o  cerebra l h e m isp h e re s  in to  a 
righ t and a le f t ha lf and e x te n d s  d o w n  to  th e  ca llosa l co m m is s u re  (Cor
pus ca llosum , n o t v is ib le). To b o th  s ides  o f th e  Fissura long itud ina lis

cerebri, m u ltip le  PAC CH IO NIAN  g ranu la tions  (G ranula tiones arachno i
deae) are v is ib le . T hese  e x te n d  above th e  leve l o f th e  arachno id  m a te r 
and a ss is t in th e  reabso rp tion  o f ce reb rosp ina l flu id . In add ition , a n um 
b er o f ce rebra l ve ins  (Vv. supe rio res  ce rebri, Vv. parie ta les) are v is ib le , 
w h ic h  w e re  severed  fro m  th e  b ridg ing  ve in s  (sm all ve in s  p ie rc ing  the  
Dura m a te r cran ia lis  on th e ir  w a y  to  th e  S inus sag itta lis  superio r) during  
th e  rem ova l o f th e  brain fro m  th e  sku ll.
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Leptomeninx

Hemispherium cerebelli

olfactorius

N. opticus [II]

carotis interna

Cisterna interpeduncularis

N. abducens [VI]

N. trigeminus [V]

N. facialis [VII]

N. intermedius (N. facialis [VII])

N. vestibulocochlearis [VIII]

N. glossopharyngeus [IX]

N. vagus [X]

N. accessorius [XI]

Arachnoidea mater craniaiis

Pia mater craniaiis

Medulla oblongata 

A. vertebralis 

Cisterna cerebellomedullaris

Cisterna fossae lateralis cerebri

N. oculomotorius [III]

Cisterna ambiens

A. basilaris

Cisterna pontocerebellaris

Bulbus olfactorius

Cisterna chiasmatica

Hypophysis

Fig. 12.21 B rain , E ncephalon , w ith  crania l a rachn oid  m ate r, 
A rachno idea  m a te r  craniaiis; in fe r io r v iew .
R em ova l o f th e  brain fro m  th e  sku ll w a s  accom p lish e d  by c u ttin g  th e  
b ra in s te m  a t th e  leve l o f th e  M edu lla  ob longa ta  and severing  th e  Aa. 
ve rteb ra les , th e  Aa. ca ro tides, and th e  tw e lv e  pairs o f cranial nerves 
(the  Fila o lfac to ria  o f th e  f ir s t  cranial nerve  are tea red  o ff  a t th e  Bulbus

o lfac to rius). The  cranial a rachno id  m a te r covers  th e  brain. N erves and 
vesse ls  run in th e  S pa tium  subarachno ida le . The caudal p a rt o f th e  fro n 
ta l, te m p o ra l, and occ ip ita l lobes and th e  C erebe llum  are sh ow n . The 
C ircu lus  a rte riosus ce rebri (W ILLIS II) is p rese rved  b u t on ly  pa rtia lly  v is
ible. Further, th e  loca tion  o f th e  C is te rnae  ce rebri is d em o n s tra te d .
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Brain and Spinal Cord

Development of the brain

General -> M eninges and b lood supply

Week 4

Primary brain vesicles

Fig. 12 .22  D ev e lo p m e n t o f th e  bra in: p r im a ry  bra in  vesicles;
sch e m a tic  fro n ta l se c tion . [21]
The  neura l tu b e  o pen ings  are c losed  in w e e k  4. The rostra l end 
beg ins to  en la rge and fo rm s  th e  th re e  success ive  p rim a ry  bra in  
vesicles: fo reb ra in  (P rosencepha lon), m idbra in  (M esencepha lon), and 
h indbra in  (R hom bencepha lon).

Primary brain vesicles

Fig. 12 .23  D e v e lo p m e n t o f th e  brain: p r im a ry  bra in  vesicles;
sch e m a tic  latera l v ie w . [21]
D uring  w e e k  4, th e  m id b ra in  fle x u re  (F lexura m esencepha lica ) fo rm s  
b e tw e e n  th e  fo reb ra in  (P rosencepha lon) and th e  m idbra in  (M e sen ce 
phalon). The  cerv ical fle x u re  (Flexura cerv ica lis) deve lops b e tw e e n  th e  
h indbra in  (R hom bencepha lon) and th e  sp ina l cord.

Week 5

Secondary brain vesicles

Fig. 12 .24  D ev e lo p m e n t o f th e  brain: secondary  bra in  vesicles;
sch e m a tic  fro n ta l se c tion . [21]
In w e e k  5, parts  o f th e  P rosencepha lon  loca ted  on th e  r ig h t and le ft 
s ide  o f th e  m id line  en large to  fo rm  th e  Telencephalon  w h ic h  gen e r
a tes  th e  cerebra l hem isp h e re s . In add ition , th e  D iencepha lon  derives 
fro m  th e  P rosencepha lon . The  th ird  ve n tric le  e vo lve s  b e tw e e n  th e  
D iencepha lon  and M esen ce p ha lo n . Form ing  benea th  th e  M e se n c e 
phalon  is th e  M e te n cep h a lo n  w ith  its tw o  m ain co m p o n e n ts , th e  Pons 
and th e  C erebe llum . The M ye le n c ep h a lo n  fo llo w s  cauda lly; it inc ludes 
th e  fo u rth  v e n tr ic le  and th e  M edu lla  ob longa ta  and tra n s itio n s  in to  the  
sp ina l cord.
The  th re e  p rim a ry  brain ve s ic le s  gave rise to  s ix  secondary  bra in  
vesicles (the  paired  ve s ic le s  o f th e  Te lencepha lon  and th e  Di-, M es-, 
M e t-, and M ye lencepha lon ).

Week 6

Secondary brain vesicles

Fig. 12.25 D e v e lo p m e n t o f th e  brain: secondary  bra in  vesicles;
sch e m a tic  latera l v iew . [21]
In w e e k  6, th e  Telencephalon, D iencephalon, M esencephalon, M e t
encepha lon , and M ye le n ce ph a lo n  are  c lea rly  de linea ted . The  o p tic  cups 
beco m e  v is ib le  b e tw e e n  th e  Te lencepha lon  and th e  D iencepha lon . The 
d e v e lo p m e n t o f th e  C erebe llum  s ta rts  as a latera l e x te n s io n  o f th e  
R hom bencepha lon . The  d eve lop ing  C erebe llum  is v is ib le  a t th e  dorsal 
a spe c t o f th e  M e te n cep h a lo n .

Clinical Remarks
Failure o f th e  neural tu b e  to  c lose  in its  rostra l se c tion  (open N euro- 
porus rostra lis ) p reve n ts  th e  p rope r d e v e lo p m e n t o f th e  th re e  brain 
ves ic les . M isgu ide d  ind u c tio n  p roce sse s  m e re ly  cause th e  fo rm a 
tion  o f d iffu se , unde rd eve lo pe d  neuronal tis su e . Th is  lack o f p roper

brain d e v e lo p m e n t e n ta ils  im p ro p e r sku ll fo rm a tio n . A  facia l sku ll 
(V iscerocran ium ) is fo rm e d  b u t brain  and brain case (N eurocran ium ) 
are n o t p re s e n t (anencepha ly ). This m a lfo rm a tio n  is fata l.

Telencephalon

Flexura mesencephalica

Flexura cervicalis
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Development of the brain

Week 8 Week 20

Foramen
interventriculare

N. oculomotorius

Rhomb- J Metencephalon 
encephalon

Pros- | 
encephalon 1 Diencephalon

Mesencephalon
Pons
Cerebellum 

Medulla oblongata

Medulla spinalis

Insula [Lobus insularis]

Lobus occipitalis

Operculum temporale 

Lobus temporalis

Lobus frontalis

Operculum frontale

Sulcus centralis

Lobus parietalis

Operculum parietale

Fig. 12 .26  D ev e lo p m e n t o f th e  bra in; m edian  sec tion , 
in w e e k  8 th e  ind iv idua l brain  s tru c tu re s  are c lea rly  d is tingu ishab le . 
Te lencepha lon  and D iencepha lon  derived  fro m  th e  P rosencepha lon. 
The T ha lam us in th e  D iencepha lon  and th e  N. o cu lo m o to riu s  [III] e x iting  
th e  M e sencepha lon  b eco m e  v is ib le . The R hom bencepha lon  has 
d if fe re n tia te d  in to  th e  M e te n cep h a lo n  and th e  M edu lla  ob longa ta  (M y- 
e loencepha lon). Pons and C erebe llum  derive  fro m  th e  M e tencepha lon . 
The M edu lla  ob longa ta  is fo llo w e d  by  th e  M edu lla  sp ina lis.

Fig. 12.27 D ev e lo p m e n t o f th e  bra in; v ie w  fro m  th e  le f t s ide.
A t  w e e k  2 0  (w ith  a fo e ta l c ro w n -ru m p  len g th  o f 20 cm ), th e  g ro w th  o f 
th e  Te lencepha lon  has p rog ressed  s ign ifican tly . It is a lready co m po se d  
o f th e  Lobi fro n ta lis , parie ta lis, o cc ip ita lis  and te m p o ra lis . H o w e ve r, the  
Lobus insu la ris  is n o t y e t fu lly  covered  by th e  Lobi fro n ta lis , parie ta lis, 
and te m p o ra lis . O f all th e  s tru c tu re s  o f th e  b ra ins tem , o n ly  parts  o f th e  
Pons, th e  C erebe llum , and th e  M edu lla  ob longa ta  are s till v is ib le .

Week 14 Week 26

Figs. 12.28a to  d D ev e lo p m e n t o f th e  le ft cerebra l he m is p h e re , m e n t o f g roo ves  (sulci) and c onvo lu tio ns  (gyri). In a dd ition , th e  fo r-
d ien ceph alon  and b ra in s tem ; sch e m a tic  d raw ing s ; latera l v iew . [20] m a tion  o f th e  Insula b eco m e s overlapped  by  th e  Lobi fron ta lis ,
A t  w e e k  14, th e  su rface  o f th e  Te lencepha lon  is s till sm o o th . There- parie ta lis , and tem p o ra lis ,
a fte r, th e  cerebra l co rte x  unde rgoes success ive  s tages in th e  deve lop -
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12 Brain and Spinal Cord General -> M eninges and b lood supply

Development of the brain

Skull defect around the 
Foramen magnum

Cerebellum

Defect of the 
posterior fontanelle

Defect of the 
posterior fontanelle

Os occipitale

Arachnoidea mater 
cranialis

mater cranialis
Part of the Lobus occipitalis

Cutis

Ventriculus lateralis, 
Cornu occipitale Arachnoidea mater cranialis

Figs. 12.29a to  d C ran ium  b ifid u m  fo rm a tio n  and various  typ es  
of h e rn ia tio n  o f th e  bra in  a n d /o r  m en ing es , schem a tic  
p rese n ta tio n . [20]
a Head o f a new b o rn  w ith  an e x te n s ive  he rn ia tion  in th e  occ ip ita l re

g ion . The  upper red c irc le  m arks  th e  d e fe c t o f th e  sm a ll fo n ta n e lle , 
th e  lo w e r red c irc le  ind ica tes  th e  d e fe c t in th e  area o f th e  Foram en 
m agnum .

b M en in g o ce le : th e  herina l sac is fo rm e d  by  skin  and m e n in g es  and is 
f il le d  w ith  ce reb rosp ina l flu id , 

c M e n in goencepha lo ce le : th e  herina l sac co m prise s  p ro lapsed  parts  
o f th e  C erebe llum  and is covered  by  m e n in g es  and skin, 

d M en in g o h yd ro en cep h alo ce le : th e  herinal sac co ns is ts  o f p ro
lapsed parts  o f th e  Lobus o cc ip ita lis  and o f th e  p o s te rio r horn o f the  
lateral ven tric le .

Fig. 12 .30  M e n in g o en cep h a lo ce le . [20]

i- Clinical Rem arks--------------------------------------
An encephaloce le  (Hernia ce rebri, o u te r brain pro lapse, c ran ium  b ifi
dum ) is a de fec t caused by incom plete closure o f the  neural tube during 
fo e ta l d e v e lo p m e n t w ith  a m ed ian  gap in th e  sku ll (at th e  ro o t o f 
th e  nose, fo rehead , cranial base, o r occ ipu t). Parts o f th e  m en inges

(m en ing ocele) o r brain (m en in g o en cep h a lo ce le ) w ith o u t partic ipa
tio n  o f brain  ve n tr ic le s  (cenencephaloce le ), o r inc lud ing  ve n tricu la r 
pa rts  (encep halocystocele , m en in g o h yd ro en cep h a lo ce le ) can
p ro trud e  in to  th e  gap.
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Organisation of the brain

Fig. 12.31 O rg an isa tio n  o f th e  cen tra l nervous system ; m edian  c les  (fo rebra in  [P rosencepha lon ], m idbra in  [M e se n cep h a lo n ], and hind-
se c tion ; sch e m a tic  d raw ing . The  parts  o f th e  brain  th a t c o n s titu te  th e  brain [R hom bencepha lon ]), th e  brain (Encephalon) d iv ides  in to  Te lence-
b ra ins tem , T runcus encephali, are m arked  by  a s ta r (*). phalon, Diencephalon, M esencephalon, Pons, Cerebellum  (Metencephalon),
Based on th e  d e v e lo p m e n t o f th e  brain fro m  th re e  p rim a ry  brain  ve s i- and M edulla oblongata.

P Clinical Rem arks-----------------------------------------------------------------------------------------------------------
The a verag e  bra in  v o lu m e  is b e tw e e n  1000 and 1400 c m 3. O fte n  and in te lligence . On th e  o th e r hand, n o t all cases o f m e n ta l im pa ir-
b u t n o t a lw ays, sm a lle r brain  v o lu m e s  co inc ide  w ith  m enta l im pa ir- m e n t co inc ide  w ith  a sm a ll brain  size,
m e n t. H o w e ve r, no co rre la tion  ex is ts  b e tw e e n  th e  size o f a brain



Brain and Spinal Cord

Telencephalon, cortex

General -> M eninges and b lood supply

Gyrus frontalis medius

Gyrus supramarginalis

Fissura longitudinalis cerebri

Polus frontalis Sulcus frontalis superior

Gyrus frontalis superior

Sulcus frontalis inferior

Sulcus precentralis

Gyrus postcentralis

Sulcus postcentralis

Gyrus precentralis

Sulcus centralis

Gyrus angularis

Lobulus parietalis superior

Lobulus parietalis inferior

Sulcus intraparietalis

Sulcus cinguli

Sulcus parietooccipitalis

Fig. 12.32 C ereb ru m , C erebrum ; su pe rio r v ie w , a fte r  rem ova l o f 
th e  lep to m e n in x .
The  C ereb rum  c o n s titu te s  th e  m a jo r part o f th e  brain. It is co m po se d  o f 
tw o  h em ispheres  w h ich  are separa ted  by  th e  Fissura lo ng itud in a lis  
cerebri. D uring  early  s tages o f d eve lo p m e n t, th e  su rface  o f th e  Cere-

b rum  is sm o o th . S trong  g ro w th  re su lts  in th e  fo rm a tio n  o f q u ite  variab
le g roo ve s  (S u lc i)  and co nvo lu tion s  (G y ri) . Th is fo ld in g  d ram a tica lly  in
creases th e  cerebra l su rfa ce  area and, as a resu lt, tw o -th ird s  o f the  
cerebra l su rfa ce  area are inv is ib le  to  th e  eye.

i- Clinical Rem arks--------------------------------------
A tro p h y  o f th e  bra in  o ccurs  w ith  advanced age. Th is  co in c id es  w ith  
en la rged  su lc i and n a rro w e d  gyri. The  p rog re ss ive  d if f ic u lty  to  m e 
m o rise  w ith  advancing  age is n o t a d ire c t re su lt o f a tro p hy  o f th e  
brain  b u t is caused fo re m o s t by th e  s h o rte r du ra tion  o f s low -w ave  
s leep  (deep sleep) phases. The  d ee p  s leep  phases d im in ish  s ig n ifi

can tly  w ith  advancing  age. W h ile  deep  s lee p  m akes up to  19%  o f 
th e  s lee p  in ind iv idua ls  up  to  26  years  o f age, th is  p ropo rtion  de
creases to  3 %  in th e  age g roups  o f 36  to  50  years. S tud ies  d e m o n 
s tra te d  th a t th is  co rre la tes  w ith  decreased  m e m o ry  fu n c tio ns .
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Telencephalon, organisation of the lobes

Lobus frontalis
Sulcus centralis

Lobus parietalis

Polus
frontalis

Fossa lateralis 
cerebri

Polus temporalis

Polus
occipitalis

Lobus
occipitalis

Sulcus lateralis

Incisura
preoccipitalis

Fig. 12.33 Lobes o f th e  C ere b ru m , Lobi cerebri; su pe rio r v iew . 
T o w ard s  th e  end o f th e  8th. m o n th  o f fo e ta l d eve lo p m e n t, th e  p rim ary  
g rooves b eco m e  v is ib le  (-» Table). These  are regu la rly  p re s e n t in all 
hum ans. The  v ie w  fro m  th e  to p  s h o w s  th e  S ulcus ce n tra lis  and the  
Su lcus p a rie toocc ip ita lis .

Fig. 12 .34  Lobes o f th e  C ere b ru m , Lobi cerebri; v ie w  fro m  th e  le ft 
s ide . Each cerebra l h em isp h e re  d iv id e s  in to  fo u r lobes:
•  fro n ta l lobe (Lobus fron ta lis )
•  parie ta l lobe (Lobus parie ta lis)
•  te m p o ra l lobe (Lobus tem pora lis )
•  occ ip ita l lobe (Lobus occ ip ita lis )

Gyrus

Polus frontalis

Lobus frontalis

Fissura longitudinalis 
cerebri

Polus temporalis

Fossa lateralis cerebri

Lobus temporalis

Diencephalon

Lobus limbicus,
parahippocampalis

Sulcus collateralis 

Sulcus hippocampalis

Incisura preoccipitalis

Mesencephalon 

Lobus occipitalis

Polus occipitalis

Fig. 12.35 Lobes o f th e  C ere b ru m , Lobi cerebri; in fe rio r v iew .
In a dd ition  to  th e  fo u r  lobes o f th e  C ereb rum  lis ted  in th e  legend to  
F igure 12.34, th e  Lobus lim b icus  (com posed  m a in ly  o f th e  G yrus c in- 
gu li and th e  G yrus parah ippocam pa lis  w ith  th e  U ncus) and th e  Lobus 
insu la ris  (Insula, n o t v is ib le , s ince  covered  by  th e  opercu la  o f th e  fro n 
ta l, parie ta l, and te m p o ra l lobes) can be d is tingu ished .

Fig. 12 .36  Lobes o f th e  C ereb ru m , Lobi cerebri; m edia l v iew . 
S econdary and te rtia ry  g roo ve s  in th e  Te lencepha lon  s h o w  ind iv idua l 
variab ility . In m a ny  p laces, th e  m arg ins  d raw n  b e tw e e n  th e  ind iv idua l 
lobes are a rb itra ry  (e.g. Inc isura  p reocc ip ita lis ).

Sulcus parieto
occipitalis

Cuneus

Corpus callosum

Lobus frontalis

Gyrus cinguli

cinguli

centralis

Lobus limbicus

Fossa lateralis cerebri

Polus temporalis

Gyrus parahippocampalis,
Uncus

Diencephalon 

Sulcus hippocampalis

Lobus temporalis 

Sulcus collateralis

Sulcus
calcarinus

Lobus
occipitalis

Incisura
preoccipitalis

P rim ary  G roo ves  o f th e  C erebra l C ortex

Sulcus L o ca tio n /P ro jec tio n

S ulcus cen tra lis e x te n ds  b e tw e e n  th e  fro n ta l and parie ta l lobes; separa tes  th e  (m oto r) G yrus p rece n tra lis  fro m  
th e  (sensory) G yrus pos tce n tra lis

S ulcus la tera lis separa tes  th e  fron ta l, parie ta l, and te m p o ra l lobes; deep  w ith in  lie  th e  Fossa la tera lis and the  
insula

S ulcus p arie toocc ip ita lis e x te n ds  fro m  th e  upper rim  at th e  m ed ia l su rfa ce  o f th e  h em isp h e re  to  th e  Su lcus ca lcarinus; 
separa tes  th e  parie ta l and occ ip ita l lobes

S ulcus ca lcarinus like th e  Su lcus p arie toocc ip ita lis  it e x te n d s  a t th e  m ed ia l su rface  o f th e  h em isp h e re  and both  
enc lose  th e  C uneus

S ulcus c ingu li separa tes  th e  G yrus c ingu li (Lobus lim b icus) fro m  th e  fro n ta l and parie ta l lobes

Polus frontalis

Fissura longitudinalis 
cerebri

Lobus frontalis

Sulcus centralis

Lobus parietalis

Lobus temporalis

Sulcus 
parietooccipitalis

Lobus occipitalis

Polus occipitalis
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Telencephalon, cortex

Gyrus parahippocampalis

Fossa lateralis cerebri

Trigonum olfactorium

Sulcus temporalis inferior

Gyrus temporalis 
inferior

Substantia nigra

Isthmus gyri cinguli

Gyrus cinguli

Gyrus lingualis

Tuber cinereum
Infundibulum

Corpus mamillare

Sulcus collateralis

Polus occipitalis

Gyrus parahippocampalis, 
Uncus

Fossa interpeduncularis

Sulcus occipitotemporalis

Tegmentum mesencephali

Tectum mesencephali, 
Colliculus superior

Aqueductus mesencephali

Polus temporalis

Sulci orbitales

Gyri occipitotemporales 
medialis et lateralis

Pedunculus cerebri

Substantia perforata 
posterior

Sulcus hippocampalis

Corpus callosum, Splenium

Sulcus calcarinus

Fissura longitudinalis cerebri 

Polus frontalis 

Gyrus rectus

Sulcus olfactorius

Bulbus olfactorius

Chiasma opticum
Tractus olfactorius

Gyri orbitales

Fig. 12.37 G yri, G yri, and groo ves . Sulci, o f th e  cerebra l 
hem ispheres; in fe rio r v ie w ; th e  m idbra in  has been sectioned .
The  Te lencepha lon  o ccup ies  th e  m a jo rity  o f th e  cerebra l base. Here, 
th e  Bulb i o lfac to rii and T rac tus  o lfac to rii ove rly ing  th e  Gyri o rb ita les  are

loca ted . In add ition , th e  C hiasm a o p ticu m , th e  G yrus parah ippocam pa
lis in th e  Lobus te m p o ra lis  w ith  its  ch a ra c te ris tic  a n te rio r bend, th e  Un
cus, th e  Gyri te m p o ra le s , and th e  P olus o cc ip ita lis  a re  a lso v is ib le . The 
dark co lou red  S ubstantia  n igra is c lea rly  v is ib le  in th e  M esencepha lon .
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Telencephalon, cortex

Operculum frontale; Operculum parietale

Gyrus frontalis inferior, Pars opercularis

Gyrus frontalis medius

Polus frontalis 

Gyrus frontalis inferior, Pars triangularis

Gyrus frontalis inferior, Pars orbitalis

anterior
Sulcus lateralis*

ascendens

Polus temporalis 

Gyrus temporalis superior

Sulcus temporalis superior

Gyrus temporalis medius

Sulcus precentralis

Gyrus precentralis

Sulcus centralis**

Gyrus postcentralis

Sulcus postcentralis

Sulcus lateralis, R. posterior 

Sulcus intraparietalis 

Gyrus supramarginalis 

Gyrus angularis 

Lobulus parietalis superior

Lobulus parietalis inferior 

Sulcus parietooccipitalis

Sulcus temporalis superior

Sulcus lunatus

Gyrus frontalis superior

Polus occipitalis

Sulcus temporalis inferior
Incisura preoccipitalis

Fig. 12 .38  G yri, G yri, and groo ves . Sulci, o f th e  cerebral 
h em ispheres; v ie w  fro m  th e  le f t s ide.
A lth o u g h  th e  ind ica ted  Gyri and Sulci are p rese n t in each hum an brain 
(e.g. Su lcus centra lis , Su lcus latera lis, o r G yrus te m p o ra lis  superio r), no 
tw o  bra ins o r even  tw o  hem isp h ere s  o f th e  sam e brain d isp lay  an iden

tica l pa tte rn  o f Gyri and Sulci. S im ila r to  a fin g e rp rin t, th e  cerebra l co rte x  
is unique.

*  SYLVIAN fissu re
* *  fis su re  o f R O LA N D O  o r centra l fissu re

Gyrus longus insulae

Lobus frontalis

Limen insulae
Lobus occipitalis

Lobus temporalis

Gyri breves insulae Incisura preoccipitalis

Sulcus centralis 
insulae

Lobus parietalis _ , . . .
Sulcus circularis insulae

Fig. 12 .39  G yri, G yri, and groo ves . Sulci, o f th e  cerebral 
h em ispheres; v ie w  fro m  th e  le f t s ide ; a fte r rem ova l o f th e  pa rts  o f 
th e  fro n ta l, parie ta l, and te m p o ra l lobes covering  th e  insula.
The co rtica l reg ions o f th e  fro n ta l, parie ta l and te m p o ra l lobes th a t

su rround  th e  Su lcus la te ra lis  are ca lled  th e  opercu la  and have been re
m o ved  to  d em o n s tra te  th e  Insula (-» Fig. 12.38). In th e  R egion o f th e  
Insula o lfac to ry , g us ta to ry , and v iscera l in fo rm a tio n s  are p rocessed . In 
genera l th e  Insula is cons id e red  a lobe o f its  o w n .
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Telencephalon, cortex

Margo superior

Pars triangularis

Pars orbitalis

Sulcus et Fossa lateralis cerebri

Pars opercularis

Sulcus centralis

Sulcus intraparietalis

Sulcus parietooccipitalis

Fig. 12.40 G yri, G yri, o f th e  cerebra l hem ispheres; v ie w  fro m  th e  The  G yrus fro n ta lis  d iv ides  in to  a Pars o rb ita lis , a Pars triangu laris , and
le ft s ide . a Pars opercu laris .

Thalamus

Lobulus
Lparacer
Itra lis

Corpus

cuneus

GV(US A v
fcetnporatemeo^

\ateralis
Gyrus  ̂
parahipP°^>Gyrus paraterminalis

Gyrus temporalis inferior

Margo superior

Fig. 12.41 G yri, G y ri, o f th e  cerebra l hem ispheres; m edia l v iew . S p len ium . In add ition , th e  Fornix, th e  an te rio r co m m issu re , th e  Thala-
The C orpus ca llosum  is co m po se d  o f th e  R ostrum , G enu, C orpus, and m us, and th e  S ep tu m  p e lluc idum  are v is ib le .
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Telencephalon, cortical areas

Prefrontal association 
cortex

Secondary visual cortex

Gyrus frontalis inferior, 
Pars opercularis

Primary visual cortex

BROCA’s centre 
(motor speech centre)

Secondary auditory cortex 

Primary auditory cortex 

Gyrus temporalis transversus anterior

Primary somatomotor cortex

Supplementary motor cortex 
(secondary somatomotor)

Premotor cortex 
(secondary somatomotor)

Frontal visual field 
(coordination of eye movements)

Gyrus precentralis

Primary somatosensory cortex 

postcentralis 

Secondary somatosensory cortex

Posterior parietal association cortex

centre 
(sensory speech centre)

association cortex

Fig. 12.42 Functional cortical areas of the cerebral hemispheres;
v ie w  fro m  th e  le f t s ide.
H ighe r co rtica l fu n c tio n s , like speech , requ ire  th e  coope ra tion  o f m u lt i
p le  d if fe re n t co rtica l areas. O ne can d is tin g u ish  p rim a ry  co rtica l areas 
(e.g. G yrus p recen tra lis , p rim a ry  s o m a to m o to r co rtex) fro m  secondary 
and assoc ia tion  areas o f th e  co rte x  (e.g. p re m o to r co rte x , su p p le m e n 
ta ry  m o to r co rtex). Primary and secondary cortical areas process 
spec ific  sensory  in fo rm a tions  (e.g. pe rcep tion  and in te rp re ta tion  o f v is
ual im pu lses  by th e  visual co rte x  in th e  occ ip ita l lobe). Cortical associ

ation areas (e.g. p re fron ta l assoc ia tion  co rtex ) occup y  m o s t o f th e  co r
te x  and se rve  to  in teg ra te  d if fe re n t and co m p le x  in fo rm a tio n  pa tte rns . 
The  o u tlin e  o f th e  hum an-like  ch ara c te r (hom uncu lus) re fle c ts  th e  so- 
m a to to p ic  s tru c tu re  in th e  p rim a ry  s o m a to m o to r co rte x . P rim ary and 
seconda ry  a ud ito ry  co rtic e s  and th e  W ER N IC KE'S  ce n tre  ex te n d  a long 
th e  upp e r rim  and inne r su rface  o f th e  te m p o ra l lobe.

—» T  59

calcarinus

visual cortex

Primary visual cortex

Supplementary motor cortex 
(secondary somatomotor)

Primary somatomotor cortex
precentralis 

Primary somatosensory cortex 
postcentralis 

Secondary somatosensory cortex

Posterior parietal association cortex
Prefrontal association cortex

visual cortex

Secondary visual cortex

Fig. 12.43 Functional cortical areas of the cerebral hemispheres; The sch e m a tic  ou tlin e  o f th e  hom u n cu lu s  illu s tra te d  in th is  fig u re  and in 
m ed ia l v iew . -» F igure 12.42 ro ug h ly  re fle c ts  th e  s o m a to to p ic  o rgan isa tion .
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Brain and Spinal Cord

Telencephalon, Fornix

General -> M eninges and b lood supply

Gyrus

th e  te m p o ra l lobe and arches above th e  th ird  v e n tr ic le  to w a rd s  th e  Cor
pus m am illa re . The fo rn ice s  fro m  both  s ides m e rge  (C om m issura  fo rn i- 
c is) b e fo re  th e y  reach th e  m a m illa ry  bod ies  (Corpora m am illaria). A t  th e  
co m m issu re , an exchange of fibres occurs .

Fig. 12.44 Fornix, Fornix; in fe r io r v ie w ; a fte r  rem ova l o f th e  basal 
parts  o f th e  brain.
The  Forn ix is a paired  s tru c tu re  co m po se d  o f th e  crus, co m m issu re , 
body and co lum n . It o r ig ina tes  fro m  th e  H ippocam pus  and S ub icu lum  in

Gyrus rectus

N. opticus [II]

Chiasma opticum

Tractus opticus

Corpus amygdaloideum 

Forn ix , C o rpus

Corpus callosum, Truncus 

Corpus callosum, Splenium

Gyrus cinguli

Bulbus olfactorius

Tractus olfactorius

Trigonum olfactorium 

Forn ix , C o lum na  

C o rpu s  m am illa re

Uncus

parahippocampalis

Gyrus dentatus

Forn ix , C rus

Forn ix , C o m m issu ra

Gyrus fasciolaris

Forn ix , C o rpus

Sulcus cinguli 

Corpus callosum, Splenium 

Forn ix , C rus 

Sulcus parietooccipitalis 

Cuneus 

Sulcus calcarinus

Polus occipitalis 

Lobus occipitalis

Thalamus 

F im bria  h ip p o ca m p i

Gyrus dentatus 

Fasciculus mamillothalamicus

Corpus callosum, Truncus 

Septum pellucidum

C o lum na  (Pars libera)

Foramen interventriculare 

callosum, Genu

Corpus callosum, Rostrum

frontalis

Bulbus olfactorius

Commissura anterior 

Tractus olfactorius 

N. opticus [II] 

terminalis 

Forn ix , C o lum na  (Pars te c ta ) 

C o rpu s  m am illa re  

Gyrus parahippocampalis, Uncus

Fig. 12.45 Fornix, Fornix; in fe r io r m ed ia l v ie w ; H abenulae. The  fig u re  s h o w s  th e  to p o g ra p h ic  re la tio n sh ip s  o f th e  For-
The Forn ix is an im p o rta n t tra c t o f th e  lim b ic  sys te m . Fibre connec- nix. 
tions e x is t to  th e  an te rio r h ypo tha lam ic  nucle i, th e  Tha lam us, and th e

C lin ica l R e m arks
L ike th e  Forn ix and th e  H ippocam pus, th e  Corpora m am illaria  are 
p a rt o f th e  lim b ic  sy s te m . A lth o u g h  th e ir  exact ro le  is unkn o w n , th e  
m am illa ry  bod ies  are like ly  invo lved  in m e m o ry  p rocesses. C hron ic 
a lcoho lism  can re su lt in th e  d e s tru c tio n  o f th e  Corpora m am illaria

w ith  m e m o ry  loss, d iso rien ta tio n , and co n fabu la tion  (creation  o f 
fa lse  m e m o ry  and be lie fs) (KORSAKOFF's syndrome). The pa tie n t 
tr ie s  to  c rea te  fa lse  "s to r ie s "  to  concea l h is  m e m o ry  gaps.
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Brain -► Sections -> Cranial nerves -► Spinal cord 12

Telencephalon, Fornix and anterior commissure

Pons
N. abducens [VI]

N. facialis [VII]

N. vestibulocochlearis [VIII]

N. glossopharyngeus [IX]

N. vagus [X]

N. accessorius [XI]

N. hypoglossus [XII]

Fissura longitudinalis cerebri 

(Centrum semiovale)

Flocculus

Plexus choroideus ventriculi quarti

Hemispherium cerebelli

Medulla oblongata

Chiasma opticum N. trochlearis [IV]

Ventriculus lateralis, Cornu temporale N. trigeminus [V]

C o m m issu ra  a n te r io r N. oculomotorius [III]

Fig. 12.46 Anterior commissure, Commissura anterior, and 
brainstem, Truncus encephali; in fe r io r v ie w ; a fte r  partia l rem ova l o f 
th e  basal parts  o f th e  C erebrum .
The C om m issu ra  a n te rio r is co m po se d  o f co m m issu ra l fib re s . Located 
in th e  a n te rio r w a ll o f th e  th ird  ve n tr ic le , it re p re se n ts  th e  com m issu ra l

sy s te m  o f th e  pa leocortex . The  rostra l p a rt o f th e  C om m issu ra  an te rio r 
is sm a ll and c o n n e c ts  th e  tw o  T rac tus  o lfac to rii w ith  th e  o lfa c to ry  co r
te x  o f bo th  hem ispheres . The  m uch  m o re  d eve loped  dorsa l part fa c ili
ta te s  th e  exchange  o f f ib re s  b e tw e e n  th e  rostra l parts  o f th e  te m p o ra l 
lobes (particu la rly  th e  c o rte x  and Corpora am ygda lo idea).

C o m m issu ra

Fig. 12.47 Anterior commissure, Commissura anterior, fornix. 
Fornix, and Hippocampus formation, Indusium griseum; v ie w  
fro m  th e  le f t s ide.
A ll s tru c tu re s  s h o w n  here  are  part o f th e  limbic system, a fu n c tio na l 
c o n ce p t w ith  in p u t fro m  th e  T e lencepha lon , D iencepha lon , and 
M esen ce p ha lo n . R elevant s tru c tu re s  are th e  H ippocam p i, th e  Corpora 
am ygda lo idea , th e  Gyri c ingu li, and th e  N ucle i sep ta les . The  lim b ic  sys
te m  regu la tes  n um e ro u s  fu n c tio n s , such  as im pu lse , learn ing, m e m ory , 
e m o tio n s , b u t a lso th e  regu la tion  o f fo o d  in take, d ig e s tio n , and repro 
d uc tio n  by th e  a u to n o m ic  nervous sys te m .

The  Commissura anterior is a fib re  sy s te m  (com m issu ra l fib res ) co m 
posed  o f a Pars a n te rio r and Pars p os te rio r. The  Pars an te rio r co nn e c ts  
th e  T rac tus  o lfac to rii and th e  o lfa c to ry  co rtices  o f bo th  s ides. The  Pars 
p o s te rio r c o n n e c ts  th e  rostra l pa rts  o f th e  te m p o ra l lobes (particu la rly  
c o rte x  and C orpora  am ygda lo idea). The C orpus am ygd a lo id eu m  con 
n ec ts  w ith  th e  H ippocam pus.
The  Hippocampus d isp lays th e  D ig ita tiones  h ippocam p i o f th e  Pes h ip
pocam p i and th e  F im bria  h ippocam p i w h ic h  tra n s itio n  in to  th e  c rus  o f 
th e  Forn ix. A n  exchange  o f  f ib re s  o ccu rs  in th e  reg ion  o f th e  co lum n . In 
its  rostra l part, th e  C o lum nae  o f th e  Forn ix co n tin u e  as Pars libera and 
Pars te c ta  and end in th e  Corpora m am illa ria . The Pars te c ta  co nn e c ts  
to  th e  C orpus m am illare .

Forn ix , C o rpus

Foramina interventricularia 

f  (Pars libera)
Forn ix , C o lum na

a n te rio r

[(P a rs  tec ta ) 

Pars a n te r io r 

Pars p o s te r io r

Corpus amygdaloideum

Corpus mamillare

longitudinales
. Indusium 

longitudinales [ griseum 
laterales

Forn ix , C o m m issu ra

Corpus callosum, Splenium 

Gyrus fasciolaris

Pes hippocampi

Forn ix , C rus

Taenia fornicis

F im bria  h ip p o ca m p i

Gyrus dentatus
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Brain and Spinal Cord

Telencephalon, basal ganglia

General -> M eninges and b lood supply

Insula

Vv. mediae superficiales 
cerebri

A. c e re b ri m edia ,
Rr. terminales

Sinus sagittalis superior 
Sinus sagittalis inferior 

V. thalamostriata superior

Vv. superiores cerebri,
Vv. parietales

Caput nuclei caudati

V. in te rn a  ce reb ri

Thalamus

Putamen

Globi pallidi lateralis 
et medialis

Claustrum 

Ventriculus tertius 

V. m ed ia  p ro fu n d a  ce reb ri

Hippocampus

Aa. cen tra les  
a n te ro la te ra le s

Corpus amygdaloideum

Ventriculus lateralis, 
Cornu temporale

A. callosomarginalis
A. pericallosa

Corpus callosum, Truncus

Ventriculus lateralis, Pars centralis

Fornix, Corpus

Plexus choroideus 
ventriculi lateralis

interna

Capsula externa

Capsula extrema

Aa. insulares

Vv. inferiores cerebri
V. basal is 
Plexus basilaris

A. basilaris

Pons

Plexus choroideus ventriculi tertii

A. cerebri media, Pars sphenoidalis 
A. cerebri posterior 

Cisterna pontocerebellaris

Fig. 12.48 Blood supply of the basal ganglia; fro n ta l sec tion ; 
p os te rio r v ie w ; th e  a rte ries  are s h o w n  on th e  r ig h t s ide  and th e  ve ins 
on th e  le f t s ide.
The  basal ganglia  are supp lied  by  th e  b ranches o f th e  A . ce reb ri m edia. 
On its  w a y  to  th e  Fossa latera lis, th e  A. ce reb ri m edia  p rov ides  th e  Aa.

cen tra les  an te ro la te ra le s  (Aa. th a la m o s tria ta e  an te ro la te ra les , Aa. len ti- 
cu los tria tae ) fo r  th e  basal ganglia and th e  C apsula in terna. The venous 
b lood  is d ra ined by  th e  V. m edia  p ro funda  ce rebri and th e  V. in terna  
cerebri.

Fig. 12.49 Basal ganglia and Thalamus; v ie w  fro m  th e  le f t s ide. 
Th is  fig u re  d e p ic ts  th e  to p o g ra p h ic  re la tionsh ips  b e tw e e n  th e  V e n tricu 
lus latera lis, N uc leus cauda tus, C orpus am ygd a lo id eu m , P u tam en, G lo
bus pa llidus, and Tha lam us. M a n y  o f th e se  nucle i are co lle c tive ly  
nam ed basal ganglia. Th is  inc ludes th e  illu s tra te d  s tr ia tu m  (N ucleus 
cauda tus  und P utam en) and th e  G lobus pallidus as w e ll as th e  N ucleus 
sub th a la m icu s  and th e  S ubstantia  n igra in th e  M e sencepha lon  (both 
n o t v is ib le).

The basal ganglia  are an in teg ra l p a rt o f d if fe re n t co rtica l fe e d ba ck  loops 
(co rtex  -  basal ganglia  -  T ha lam us -  co rtex) and p a rtic ipa te  in th e  mo
tor cortical output. The ir m ain fu n c tio n  is to  m odu la te  th e  m o to r activ
ity  (s treng th , d irec tion , range o f m o vem e n t). Im pu lses  reach ing  the  
basal ganglia  are m o du la te d  e ith e r to  d ire c tly  enhance  o n to  ind irec tly  
in h ib it m o to r activ ity .

i- C lin ica l R e m a rk s ---------------------------------------
The Aa. centrales anterolaterales branch o ff  th e  A. ce reb ri m edia 
in an a lm o s t r igh t ang le  and th is  can eas ily  lead to  tu rb u le n ce s  in 
b lood  f lo w  and a seconda ry  fo rm a tio n  o f a rte r io sc le ro tic  p laques at 
th e s e  s ites . Ind iv iduals  w ith  high b lood  p ressu re  (arteria l h ype rten s i
on) fre q u e n tly  d eve lop  occlusions at th e se  critica l b ranch ing  po in ts .

O cc lu s io n s  as w e ll as bleedings fro m  th e s e  b lood  vesse ls  cause  a 
necros is  in th e  reg ion  o f th e  basal ganglia  and th e  in terna l capsu le  
w ith  re su ltin g  contra la te ra l hem ip leg ia . D epend ing  on th e  loca tion  o f 
th e  damage to the basal ganglia, a severe  hyper- o r hypo k in e tic  
m o v e m e n t d iso rd e r can re su lt (dyston ia).

N u cleus  ca u d a tu s , C auda

N u c leus  caud a tus , C o rpu s

Ventriculus
Cornu frontale

G lobu s pa llidus

N u c leus  caud a tus , C a pu t
Ventriculus lateralis, 
Cornu occipitale

C o rp u s  am ygda lo id eum Ventriculus lateralis, Cornu temporale

Ventriculus lateralis, 
Pars centralis

P utam en

T ha lam us
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Brain -► Sections -> Cranial nerves -► Spinal cord

Diencephalon

Plexus choroideus ventriculi tertii 

Foramen interventriculare 

Gyrus paraterminalis 

C o m m issu ra  a n te r io r  

Area subcallosa 

Lam ina te rm in a lis  

Hypothalamus 

Recessus supraopticus 

Recessus infundibuli 

Chiasma opticum 

Corpus mamillare sinistrum 

A. cerebri posterior 

Adenohypophysis 

Neurohypophysis 

A. basilaris 

Plexus basilaris

Fornix, Corpus

Tela choroidea ventriculi tertii 

Thalamus

Stria medullaris thalami 

Sulcus hypothalamicus 

C o m m issu ra  hab enu la rum  

Recessus suprapinealis 

Recessus pinealis 

G landu la  p inea lis  

C o m m issu ra  p o s te r io r  

Tectum mesencephali 

Tegmentum mesencephali 

Aqueductus mesencephali 

Cisterna interpeduncularis 

Velum medullare superius 

Pons

Fig. 12.50 Third ventricle, Ventriculus tertius, and diencephalon, 
Diencephalon; m edian  sec tion .
P hy logene tica lly , th e  D iencepha lon  d erives  fro m  th e  P rosencepha lon  
and is loca ted  b e tw e e n  th e  Te lencepha lon  and th e  M esencepha lon . 
The D iencepha lon  su rrou n d s  th e  th ird  v e n tr ic le  and d iv ides  in to  th e  Epi- 
tha lam us, T ha lam us (dorsalis), H ypo tha lam us, and th e  S ub tha lam us

(Thalam us ventra lis). The  C om m issu ra  an te rio r and th e  Lam ina te rm in a 
lis re p re se n t th e  rostra l m arg in  o f th e  D iencepha lon  (C om m issura  an te 
rior to  th e  C hiasm a o p ticu m ). The C om m issu ra  poste rio r, th e  C om m is 
sura habenu la rum , and th e  p ineal g land (G landula p inealis) c o n s titu te  
th e  in fe rio r m arg in  o f th e  D iencepha lon .

0  Melatonin

Nucleus suprachiasmaticus

Retina
Tractus retinohypothalamicus

Sympathetic fibres (noradrenergic)

Nucleus
intermediolateralis Ganglion

cervicale
superius

Nucleus paraventricularis
Glandula pinealis

Fig. 12.51 Neural circuitry involved in the regulation of the 
pineal gland, Glandula pinealis; sch e m a tic  m edian  sec tion , 
(accord ing  to  [2])
The E p itha lam us is co m po se d  o f th e  S triae  m edu lla re s  tha lam i, th e  Ha- 
benu lae , th e  N ucle i habenulares, th e  C om m issu ra  habenu la rum , the  
C om m issu ra  p o s te rio r (epitha lam ica), th e  A rea p re tec ta lis , and the  
G landula p inea lis . The  p rod u c tio n  o f melatonin in p in e a lo cy te s  o f the  
G landula p inea lis  is lig h t dep e n de n t. M e la to n in  is an im p o rta n t regu la
to r  o f c ircadian rh y th m s  and does so  by  a ffe c tin g  th e  fu n c tio n  o f o th e r 
endocrine  o rgans. In a dd ition , m e la ton in  ac ts  on  th e  N ucleus suprach i-

a sm aticus  and via a fe e d b a ck  loop m odu la tes  its  ro le  in synchron is ing  
end o g en o u s  w ith  e n v iro n m en ta l rh y th m s.
The  circuitry in itia te s  at th e  p h o to re ce p to rs  o f th e  re tina  w h ic h  send 
s igna ls  to  th e  N uc leus suprach iasm a ticus  in th e  H ypo tha lam us  (Tractus 
re tinohypo tha lam icus). Th is  in fo rm a tio n  is co nve ye d  to  th e  hypo tha la 
m ic  N uc leus paraven tricu la ris , fro m  here p ro je c ts  to  th e  G anglion ce rv i
ca le  supe rius  o f th e  s y m p a th e tic  sys te m , and th e n  reaches th e  p inea
locy tes  o f th e  G landula p inea lis . The p rod u c tio n  o f m e la ton in  increases 
in th e  dark.
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Brain and Spinal Cord

Diencephalon, Thalamus

General -> M eninges and b lood supply

Ventriculus lateralis, Cornu occipitale

(Nuclei metathalami): 
Nucleus corporis geniculati lateralis; 
Nucleus corporis geniculati medialis

Ventriculus lateralis, Cornu frontale

Capsula interna

Nuclei reticulares

Nuclei anteriores

Nuclei mediales

Nuclei mediani; Adhesio interthalamica

Nuclei ventrales: Nucleus ventralis anterior; 
Nucléus ventralis intermedius;
Nucleus ventralis posterolateralis;
Nucleus ventralis posteromedialis

Nucleus parafascicularis 

Nucleus centromedianus

Nuclei dorsales: Nucleus posterior; 
Nuclei pulvinares

Figs. 12.52a to d Nuclei and cortical projections of the 
Thalamus.
C orrespond ing  nucle i and co rtica l p ro je c tio ns  are ind ica ted  by  th e  sam e 
co lour.
a horizonta l se c tion  th ro u g h  th e  le f t cerebra l h em isphere  
b le f t ce rebra l h em isp h e re  fro m  th e  le f t  (lateral) s ide 
c r igh t cerebra l h em isp h e re  fro m  th e  m ed ia l s ite  
d v ie w  o n to  bo th  th a la m i fro m  a su pe rio r o b lique  angle 
The  Tha lam us is regarded as th e  "gateway to consciousness". All 
se nso ry  in p u t to  th e  b ody  is synapsed  and in teg ra te d  in th e  Tha lam us 
(w ith  th e  e xcep tio n  o f o lfa c to ry  sensa tions) p rio r to  th is  in fo rm a tio n  re

ach ing  th e  co rte x . In a dd ition , th e  Tha lam us p artic ipa tes  in th e  m odu la 
tio n  o f a u to n o m ic  and m o to r a c tiv it ie s . The T ha lam us is co m po se d  o f 
sp ec ific  and n on sp e c ific  g roups o f nuc le i (m ore  than  100 nuclea r re
g ions, inc lud ing  th e  Corpora gen icu la ta  latera le  and m edia le  [see visual 
and aud ito ry  p a thw ays ; -» Fig. 12.59]). Specific thalamic nuclei (Palli- 
o tha lam us) c o n n e c t w ith  d e fin e d  co rtica l reg ions (p rim ary  co rtica l p ro
je c tio n  and assoc ia tion  fie lds); nonspecific thalamic nuclei (Trun- 
co tha lam us) p ro je c t b road ly  in to  th e  b ra in s te m  and d iffu s e ly  in to  som e  
co rtica l areas.
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Brain -► Sections -► Cranial nerves -► Spinal cord

Crus anterius 
capsulae internae

Diencephalon, Thalamus

Crus posterius 
capsulae internae

Tractus opticus

Pedunculus cerebri

Nucleus caudatus, Corpus

Genu capsulae internae, 
Fibrae corticonucleares

Thalamus

Radiationes
thalami
anteriores

Tractus----------
frontopontinus

Fibrae corticospinales; Fibrae corticorubrales; 
Fibrae corticoreticulares; Fibrae 
corticothalamicae; Fibrae thalamoparietales

Radiationes
thalami
posteriores

Fibrae parieto- 
occipitopontinae

Radiatio optica

Colliculus superior 

Colliculus inferior

Radiationes thalami 
centrales

Fibrae
temporopontinae

Pulvinar thalami
Radiatio acustica .

Fig. 12.53 Thalamic radiation, Radiationes thalami, and internal 
capsule, Capsula interna; v ie w  fro m  th e  le f t s ide ; d iv ided  in to  tw o  
parts  by  a fro n ta l se c tion .

Tha lam ic nucle i m a in ly  p ro je c t in to  th e  co rte x . T h e ir p ro je c tio ns  con 
tr ib u te  to  th e  fo rm a tio n  o f th e  C rus an te riu s  and th e  C rus p os te riu s  o f 
th e  C apsula in terna. The  R ad ia tiones th a la m i an te rio re s  and pos te rio re s  
are part o f th e se  p ro je c tio ns  as are th e  Fibrae co rtico th a la m ica e  and the  
Fibrae tha lam oparie ta les .

/ \
Cortex

Non specific 
thalamus®|0j©|

I ARAS (sleep-wake 
and arousal system of 
the reticular formation)

Stimuli of Visual stimuli Stimuli of
noradrenergic fibres 

of the brainstem
serotonergic fibres 

of the brainstem

© = Excitatory action 
©  = inhibitory action; without considering to specific thalamic nuclei

Fig. 12.54 Ascending reticular activation system (ARAS); spec ific  
th a la m ic  nucle i have been exc luded. [23]
The Nuclei mediani and th e  intralaminar group of nuclei, o f w h ich  
th e  N uc leus ce n tro m e d ian u s  is th e  la rgest nuc leus, be long  to  th e  g roup  
o f nonsp e c ific  th a la m ic  nucle i. C orrespond ing  to  th e  broad and d iffu se  
co n n e c tio n s  w ith  th e  co rte x , th e  in tra lam ina r g roup  o f nuc le i is invo lved

in th e  n on sp e c ific  and genera l exc ita tio n  o f th e  co rte x . Th is  p u ts  th e  
b ody  in a s ta te  o f a le rtness  and read iness. Th is  s ta te  o f a rousa l is con 
tro lle d  by s igna ls  fro m  th e  AR AS o f th e  F o rm a tio  re ticu la ris  reach ing  the  
in tra lam ina r th a la m ic  nucle i w h ic h  th e n  ac tiva te  th e  e n tire  c o rte x  via th e  
n on sp e c ific  co nn e c tio ns .

i- C lin ica l R e m a rk s ---------------------------------------
Lesions of the nonspecific thalamic nuclei, e.g. due  to  d is tu rb 
ances in b lood  c ircu la tion , re su lt in an im pa ired  consc io u sne ss  w ith  
reduced  aw areness.
D epend ing  on th e  loca tion , dam age to  th e  specific thalamic nuclei

m ay cause  se nso ry  im p a irm e n t (N ucleus ve n tra lis  poste ro la te ra lis), 
hem ianopsia , pain (tha lam ic  pain), m o to r d iso rde rs  like para lysis, a ta
xia (N ucleus an te rio r ven tro la te ra lis ) as w e ll as pe rso n a lity  changes.
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Brain and Spinal Cord General -> M eninges and b lood supply

Diencephalon, hypothalamus and pituitary gland

Stria medullaris thalami

Area hypothalamica lateralis
Nucleus paraventricularis

Nuclei preoptici

Nucleus anterior 
hypothalami

Tractus paraventriculo- 
hypophysialis

Nucleus
suprachiasmaticus

Nucleus supraopticus

Tractus supra- 
opticohypophysialis

Nucleus dorsomedialis

Nucleus dorsalis 
hypothalami
Area hypothalamica 
lateralis

Fasciculus
mamillothalamicus

Nucleus posterior 
hypothalami

Fasciculus
mamillotegmentalis

Nuclei tegmentales

(Nuclei corporis 
mamillaris)

Nucleus ruber

Tractus hypothalamo- 
hypophysialis

Nucleus ventromedialis 
hypothalami

Adenohypophysis
Nuclei tuberales et 
arcuati [infundibulares]

Neurohypophysis

Fig. 12.55 Hypothalamus; m edia l v ie w ; o ve rv ie w , nucle i illu s tra ted  
trans lucen tly .
Form ing  th e  flo o r o f th e  d iencepha lon , th e  h ypo tha lam us  is th e  supe r
v iso ry  regu la to ry  ce n tre  o f th e  a u to n o m ic  ne rvous sys te m . 
The  h ypo tha lam us  is co m po se d  o f m u ltip le  g roups  o f nuc le i, w h ich , 
accord ing  to  th e ir  loca tion , d iv ide  in to  th e  an te rio r, m idd le , and p os te ri
o r g roups  o f h ypo tha lam ic  nucle i:
•  The  anterior group o f hypo tha lam ic  nucle i co m prise s  th e  N ucleus 

suprach iasm a ticus  (centra l pacem ake r o f th e  c ircadian rhy thm , 
s leep -w ake  cyc le , b ody  te m p e ra tu re , b lood  p ressure), th e  N ucle i pa
raven tricu la ris  and supraop ticus  (p roduction  o f a n tid iu re tic  ho rm one  
[A D H ] and o xy to c in  and axonal tra n s p o rt [T ractus h ypo tha lam ohypo- 
phys ia lis ] to  th e  N eurohypophys is ), and th e  N ucle i p reo p tic i (partic i
pa tion  in th e  regu la tion  o f b lood  p ressure , body te m p e ra tu re , sexual 
behaviou r, m e ns trua l cyc le , gonadotrop in ).

•  The  middle group o f hypo tha lam ic  nucle i c o m p rise s  th e  N ucle i tu -

Fig. 12.56 The foot of a patient with acromegaly (left side) 
compared to a foot of a healthy person of similar height. [7]
A c ro m e g a ly  is th e  re s u lt o f an o ve rp ro d uc tio n  o f th e  g ro w th  horm one  
s o m a to tro p in  (STH) in th e  a denohypophys is  caused  by  a ben ign  tu m o u r 
in th e  an te rio r lobe o f th e  p itu ita ry  g land, a part o f th e  D iencepha lon .

bera les, do rsom ed ia lis , ve n tro m e d ia lis , and a rcua tus  [in fund ibu la ris  
=  sem ilu na ris ] (p roduction  and se cre tio n  o f re leas ing  and re lease- 
inh ib it in g  ho rm o n e s , pa rtic ipa tion  in th e  regu la tion  o f w a te r  and food  
intake).

•  The posterior group o f hypo tha lam ic  nucle i co m prise s  th e  N uclei 
co rpo ris  m a m illa ris  in th e  C orpora  m am illaria  w h ic h  are in teg ra ted  
in to  th e  lim b ic  sy s te m  by rece iv ing  a ffe re n t f ib re s  fro m  th e  Forn ix 
and p ro je c tin g  e ffe re n t fib re s  to  th e  T ha lam us (Fasciculus m a m illo 
tha lam icus). T h e y  m o du la te  sexual fu n c tio n s  and p lay an im po rta n t 
ro le  in a c tiv it ie s  re la ted  to  m e m o ry  and e m o tio n s . T hese  nucle i con 
n e c t to  th e  T e g m e n tu m  m esen ce p ha li via th e  Fascicu lus m a m illo 
te g m e n ta lis .

In th e  caudal a spe c t o f th e  hypo tha lam us, th e  In fu n d ib u lu m  (p itu ita ry  
sta lk) co nn e c ts  th e  p itu ita ry  g land to  th e  re s t o f th e  hypo tha lam us. The 
p itu ita ry  g land d iv ides  in to  th e  an te rio r (A denohypophys is ) and p os te ri
o r (N eurohypophys is ) lobes.

i- C lin ica l R e m a rk s ---------------------------------------
D am age to  th e  N ucleus paraven tricu la ris  and particu la rly  to  th e  N u
cleus  supraop ticus  causes a d e fic ie n cy  in ADH. C onsequen tly , the  
inab ility  to  reabsorb w a te r  in th e  renal co lle c tin g  tu b u le s  resu lts  in 
d iab etes  insipidus. P atients  u rina te  excess ive ly  and exc re te  up to  
20 lite rs  o f urine daily.
A cro m eg a ly  describes th e  d is tin c t en la rg em e n t o f the  lim bs and 
pro trud ing  body parts (acra) like hands, fe e t (-» Fig. 12.56), chin, 
m and ib le , ears, nose, eyeb ro w s , o r gen ita ls . Th is is caused by an

overp roduction  o f the  g ro w th  horm one  STH in th e  an te rio r lobe o f 
th e  p itu ita ry  g land, m a in ly  resu lting  fro m  a ben ign  and m ore  rarely 
fro m  a m a lignan t tu m o u r. Gigantism w ith  excess ive  g ro w th  and 
he igh t resu lts  fro m  an S TH -producing tu m o u r in the  an te rio r lobe 
o f th e  p itu ita ry  g land th a t has fo rm e d  p rio r to  th e  co m p le tio n  o f 
the  g ro w th  phase. O nce  th e  ep iphysea l p la tes (g row th  p lates) are 
c losed, en la rg em e n t is res tr ic te d  to  th e  acra.
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Mesencephalon

Hemispherium cerebelli

Vermis cerebelli 

Tectum, Colliculus superior

Glandula pinealis

A q u e d u c tu s  m esencep ha li

S u bs tan tia  g risea  ce n tra lis

S u bs tan tia  n igra

N u c leus  ru b e r
Fissura horizontalis

N. trigeminus [V]
Pons

C rus c e re b ri

N. oculomotorius [III]

Fig. 12.57 Midbrain, Mesencephalon; c ross-section  a t th e  leve l o f 
th e  C ollicu li supe rio res ; an te rio r v iew .
The M e sencepha lon  is co m po se d  o f th e  base, th e  te g m e n tu m , and the  
te c tu m . B o th , te g m e n tu m  and base are co lle c tive ly  nam ed P eduncu lus 
cerebri.
The Basis mesencephali co m prise s  th e  cerebra l crura  (Crura cerebri) 
w h ic h  conta in  o f d if fe re n t fib re  tra c ts  (e.g. Fibrae co rticonuc lea res). 
The Tegmentum mesencephali co m prise s  th e  S ubstantia  g risea cen 
tra lis  su rround ing  th e  A q u e d u c tu s  m esencepha li (partic ipa tes in the  
centra l supp ress ion  o f pain, fa c ilita te s  fe a r and fl ig h t re flexes , regu la tes

Chiasma opticum

a u to n o m ic  nervous processes) and th e  Substantia  n igra as part o f th e  
basal ganglia . A dd itio n a l s tru c tu re s  o f th e  T e g m e n tu m  m esencepha li 
inc lude  th e  N uc leus ruber, an im p o rta n t re lay s ta tio n  o f th e  m o to r sys
te m , th e  m esencepha lic  pa rts  o f th e  F o rm a tio  re ticu la ris , th e  nucle i o f 
th e  cranial nerves II and IV, as w e ll as a scend ing  and desce n d in g  trac ts . 
The  Tectum mesencephali (Lam ina te c ti [Lam ina quadrigem ina ]) in
c ludes  th e  C ollicu li su pe rio res  and in fe rio res . These  are im p o rta n t re lay 
s ta tio n s  fo r  v isua l re flexe s  (Collicu li superio res) and th e  centra l aud ito ry  
p a th w a y  (Collicu li in fe rio res).

N. opticus I

Infundibulum

Tuber cinereum

Corpus mamillare

Trigonum olfactorium

Substantia perforata anterior

Substantia perforata posterior

Pars
S u bs tan tia  I re ticu la ris

n ig ra  ] p a rs  -------------------------
c o m p a c ta

N u c leus  ru b e r

Pulvinar thalami
S u bs tan tia  g risea  ce n tra lis

A q u e d u c tu s  m esencep ha li

Fig. 12.58 Midbrain, mesencephalon, and diencephalon, 
Diencephalon; in fe r io r v ie w ; a fte r  ob lique  se c tion  o f th e  m idbra in .
The illu s tra tion  d e m o n s tra te s  th e  d iv is ion  o f th e  M e sencepha lon  in to  
basis, T e g m e n tu m , and T e c tu m . S tru c tu re s  d is t in c tly  sepa ra te  o f the

m idbra in  are th e  Substantia  n igra, th e  N uc leus ruber, and th e  A q u ed u c
tu s  m esen ce p ha li w ith  th e  su rround ing  Substantia  g risea cen tra lis . The 
Substantia  n igra su bd iv ide s  in to  th e  Pars re ticu la ris  and Pars com pacta .

i- C lin ica l R e m a rk s ---------------------------------------
The p rim ary  cause  o f PARKINSON's disease is th e  g rea tly  reduced 
dopam ine  syn th e s is , p a rticu la rly  in th e  Substantia  n igra. The  de
crease  in dop a m ine  resu lts  in a syn d ro m e  (para lysis ag itans, shaking 
palsy) characterized  by hypok ines is , rigor, and re s ting  tre m o r. In ad
d ition , th e s e  p a tie n ts  s u ffe r  fro m  increased se cre tio n  o f saliva, tea rs, 
sw e a t, and se bu m . A lso, th e se  p a tie n ts  d isp lay co gn itive  and m ood  
d is tu rbances. P A R K IN S O N 's d isease  a ffe c ts  a p p ro x im a te ly  1 %  o f 
ind iv idua ls  o ve r 60  years  o f age. A  PAR KIN SO N -like d isease  can de

ve lo p  a fte r  encepha litis , in tox ica tio ns , long -te rm  p sycho trop ic  d rug 
m ed ica tion , etc.
Lesions of the Nucleus ruber cause s y m p to m s  s im ila r to  ce rebe lla r 
les ions, inc lud ing  ce rebe lla r (in ten tion ) tre m o r and reduced  m uscu la r 
to n u s , due  to  th e  inc lus ion  o f th is  nuc leus in th e  im p o rta n t neuronal 
c irc u itry  b e tw e e n  "C e re b e llu m  -  N uc leus rube r -  C erebe llum  -  N. 
o liva ris  in fe rio r -  C e re b e llu m ".
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Fig. 12.59 Brainstem, Truncus encephali;
lateral v ie w ; o b lique  v ie w  on th e  flo o r  o f th e  
fourth  ventricle a fte r section ing o f th e  cerebe lla r 
peduncles.
The b ra in s te m  c o n s is ts  o f th e  m idbra in  
(M esencepha lon), Pons, and th e  M edu lla  o b 
longata. The  Mesencephalon e x te n ds  fro m  
th e  D iencepha lon  to  th e  upp e r m arg in  o f th e  
Pons. The  P eduncu lus ce reb ri is loca ted  a t its 
a n te rio r s ide . The  C ollicu li supe rio res  and in fe - 
r io res  o f th e  T e c tu m  m esencepha li fo rm  th e  
dorsa l s ide  and crea te  th e  particu la r shape o f 
th e  q uad rigem ina l p la te  (Lam ina te c ti [Lam ina 
quadrigem ina ]). The G landula p inea lis  and the  
fo u rth  ve n tric le  are pos itio n ed  su pe rio r and 
in fe rio r to  th e  quad rigem ina l p la te , respec
tive ly .
The Cerebellum has been se c tion e d  a t the  
ce rebe lla r ped u n c le s  (P eduncu li cerebe lla res). 
V is ib le  are th e  cranial nerves IV, V, and VII to  
XII e x it in g  th e  b ra in s te m . T h e ir nuc le i are lo 
ca ted  in th e  b ra ins tem . The  nucle i o f th e  cran i
al nerves III and VI are a lso loca ted  in the  
b ra in s te m  b u t th e se  nerves e x it a t th e  an te rio r 
s ide  and, thus , are n o t v is ib le  in th is  figu re .

Brachium colliculi superioris 

Corpus geniculatum mediale 

Brachium colliculi inferioris 

Corpus geniculatum laterale

Tractus opticus 

P e duncu lus  ce reb ri

Pons

{
Radix motoria 

Radix sensoria

Tuberculum cuneatum 

Tuberculum gracile

N. cervicalis [C1]
Radix 

Radix posterior

Pulvinar thalami

G landu la  p inea lis

C o llic u lu s  su p e rio r 

C o llicu lu s  in fe r io r

N. trochlearis [IV]

Velum medulläre superius

Pedunculus cerebellaris superior 

Pedunculus cerebellaris medius 

Pedunculus cerebellaris inferior 

Fossa rho m b o id e a , Sulcus medianus

N. facialis [VII]
N. vestibulocochlearis [VIII] 

Pyramis medullae oblongatae 

N. glossopharyngeus [IX] 

N. hypoglossus [XII] 

N. vagus [X]

N. accessorius [XI]
Radices craniales 

Radices spinales

Brachium colliculi inferioris 

Colliculus inferior

Pedunculus cerebri 

N. trochlearis [IV]

P e duncu lus  ce re b e lla r is  
s u p e rio r

P e duncu lus  ce rebe lla ris  
m edius

P eduncu lus  c e re b e lla r is  in fe r io r

S u lcus  m ed ianus

S tria  m e d u lla r is  v e n tr ic u li q u a rti

Velum medulläre inferius 

Trigonum  nerv i hypo g loss i 

T rigo num  nerv i vagi

Area postrema 

Obex

Sulcus posterolateralis

Sulcus intermedius posterior

Sulcus medianus

Fovea superior

Sulcus limitans

C o llicu lus
facialis

Tuberculum cuneatum

Funiculus lateralis 
medullae oblongatae

Fasciculus cuneatus 

Fasciculus gracilis

Eminentia
medialis

Frenulum veli 
medullaris superioris

Velum medulläre 
superius

Locus caeruleus

Fig. 12.60 Rhomboid fossa, Fossa 
rhombiodea; p o s te rio r v ie w ; v ie w  o n to  th e  
flo o r o f th e  fo u rth  ve n tric le  a fte r  d isse c tio n  o f 
th e  ce rebe lla r peduncles.
The  Fossa rhom bo idea  fo rm s  th e  flo o r  o f  th e  
fo u rth  ve n tr ic le . The  ce rebe lla r p edunc les  (Pe
duncu li cerebe lla res), th e  Pons, and th e  M e 
dulla ob longa ta  p rov ide  th e  m arg ins o f th e  
rhom bo id  fossa . A s  part o f th e  area o f th e  Fos
sa rhom bo idea , im p o rta n t nuc le i respons ib le  
fo r  th e  regulation of the systemic circula
tion and th e  nuclei of the cranial nerves V to  
X, and partia lly  cranial nerves XI and XII, are 
loca ted  in th e  Pons and M edu lla  ob longa ta . In 
th e  Fossa rhom bo idea  one  can d is tin g u ish  th e  
Su lcus m ed ianus, th e  C o llicu lus  fac ia lis  (fib res  
o f th e  N. fac ia lis  [VII]), th e  S triae m edu lla res  
ve n tr icu li qua rti as part o f th e  centra l aud ito ry  
pa th w a y , th e  A rea ves tibu la ris  (ves tibu la r nu
clei), th e  T rigonum  nervi h ypog loss i (nucleus 
o f th e  N. h ypog lossus [XII]), th e  T rigonum  
nervi vagi (nuclei o f th e  N. vagus [X] and N. 
g lossopha ryngeus  [IX]), and th e  A rea p os tre 
ma (vo m itin g  ce n tre , see  c ircum ve n tr icu la r 
o rgans, - *  Fig. 12.91).
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Mesencephalon and brainstem

B rach ium  c o llic u li su p e rio ris

B rach ium  c o llic u li in fe r io ris

Trigonum lemnisci lateralis 

Frenulum veli medullaris superioris

N. tro c h le a r is  [IV]

P e duncu lus  c e re b e lla r is  su p e rio r

Fossa rho m b o id e a , Eminentia medialis

Tha lam us,
Pulvinar thalami

Pedunculus cerebellaris medius

Velum  m edu llä re  supe rius

Ventriculus tertius 
Recessus suprapinealis

Trigonum habenulare 

Glandula pinoaii«

Commissura posterior

Stria terminal is

Taenia choroidea

Metathalamus,
Corpus geniculatum mediale

Metathalamus,
Corpus geniculatum laterale

C o llicu lu s  su p e rio r

C o llicu lu s  in fe r io r

Fig. 12.61 Midbrain, Mesencephalon, and pineal gland, Glandula 
pinealis; p o s te rio r su pe rio r v iew .
A t th e  dorsa l s ide  o f th e  b ra ins tem , th e  m idbra in  e x te n ds  fro m  the  
D iencepha lon  to  th e  Peduncu li ce rebe lla res, th e  V e lum  m edu lla re  su 
perius, and th e  Fossa rhom bo idea . The  q uad rigem ina l p la te  (Lam ina 
te c ti [Lam ina quad rigem ina l) is th e  ch a ra c te ris tic  fe a tu re  o f th e  dorsa l

s ide . It is co m p o se d  o f th e  C ollicu li su pe rio res  and th e  C ollicu li in fe rio 
res and fo rm s  th e  T e c tu m  m esencepha li. To each side , th e  
co rrespond ing  co llicu li c o n n e c t w ith  th e  D iencepha lon  (Corpora gen icu - 
lata m ed ia le  and latera le) th ro u g h  fib re  bund les  (Brachia co llicu li superi
o ris  and in fe rio ris ). B e lo w  th e  C ollicu li in fe rio res , th e  N. troch lea ris  [VI] 
is th e  on ly  cranial nerve  to  e x it th e  b ra in s te m  a t its  dorsa l s ide.

Fig. 12.62 Brainstem, Truncus encephali; p os te rio r su pe rio r v ie w ; 
th e  Pons and m a jo r parts  o f th e  C erebe llum  have been rem oved , the  
Tela choro idea  o f th e  fo u rth  v e n tr ic le  has been s e c tion e d  in th e  m edian 
p lane and re flec te d  to  th e  righ t s ide .T he  G landula p inea lis  a tta ch e s  to  
th e  C om m issu ra  p o s te rio r and is loca ted  b e tw e e n  th e  tw o  C ollicu li su-

perio res. The  th ird  ve n tric le  lies above. The  b ra ins tem  co n ta in s  im po r
ta n t centres (N ucle i ruber, p on tis , o liva res  in fe rio res , ves tibu lä res  and 
th e  Form atio  re ticu la ris ) w h ic h  coo rd in a te  critica l life -sav ing  fu n c tio ns , 
inc lud ing  c ircu la tion , b rea th ing , and consc io u sne ss  (ARAS -» Fig. 12.54).

Ventriculus lateralis, Cornu frontale 

Fornix, Columnae

(Recessus triangularis) 

Commissura anterior

V e n tricu lus  te rt iu s

Brachium colliculi superioris

C o llicu lu s  su p e rio r

Corpus geniculatum mediale

— Brachium colliculi inferioris 

Corpus geniculatum laterale 

Colliculus inferior 

Frenulum veli medullaris superioris

Vermis cerebelli, Lingula cerebelli 

Pedunculus cerebellaris medius 

Pedunculus cerebellaris superior 

Flocculus 

Pedunculus cerebellaris inferior 

Pedunculus flocculi 

Apertura lateralis ventriculi quarti 

Plexus choroideus ventriculi quarti 

Tuberculum gracile 

Fasciculus gracilis

Septum pellucidum 

Corpus callosum, Truncus 

Nucleus caudatus, Caput 

Foramen interventriculare 

Tuberculum anterius thalami 

Nucleus caudatus, Corpus 

Stria terminalis 

Lamina affixa 

Taenia choroidea 

Trigonum habenulare 

C o m m issu ra  p o s te r io r  

G landu la  p inea lis  

Thalamus, Pulvinar thalami 

Pedunculus cerebri

N. trochlearis [IV]

Tela choroidea ventriculi quarti 

Fossa rhomboidea, Sulcus medianus

Apertura mediana ventriculi quarti 

Tuberculum cuneatum 

Fasciculus cuneatus
Medulla spinalis
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Tela choroidea ventriculi tertii

Corpus callosum

Glandula pinealis 

V. magna cerebri 

Tectum mesencephali 

Culmen

Aqueductus mesencephali 

Declive

Lobulus centralis 

Lingula cerebelli 

Folium vermis

Velum  m edu llä re  supe rius

Fastigium 

Tuber vermis

Plexus choroideus 
ventriculi quarti

Pyramis vermis

Uvula vermis
Nodulus

Plexus choroideus ventriculi tertii
Adhesio interthalamica

Fornix, Columna

Foramen interventriculare
Corpus callosum,

Rostrum
Commissura anterior

Lamina terminalis

Hypothalamus

Corpus mamillare

Chiasma opticum

Recessus infundibuli

Fossa interpeduncularis

Hypophysis
Tegmentum 

mesencephali
Pons

Fasciculus longitudinalis

Ventriculus tertius

A. basilaris

V e n tr icu lu s  qua rtus

Decussatio pedunculorum 
cerebellarium superiorum

Sulcus bulbopontinus 

Fossa rh om bo id ea

A. vertebralis 
Apertura mediana ventriculi quarti

Canalis centralis
Tonsilla cerebelli

Fig.12.63 Brainstem, Truncus encephali, with fourth ventricle, 
Ventriculus quartus, and cerebellum. Cerebellum; m edian  sec tion . 
The  m edian  se c tion  revea ls  th e  ch ara c te ris tic  s tru c tu re  o f th e  so-called 
tre e  o f life  (Arbor vitae) o f th e  C erebe llum  c rea ted  by  th e  d is t in c t 
g roo ve s  (surface en la rgem en t) o f th e  ce rebe lla r co rtex .
The  Fossa rhom bo idea  lies a n te rio r to  th e  C erebe llum  and fo rm s  th e  
flo o r  o f th e  fo u rth  ven tric le . The b ra ins tem  w ith  M esen ce p ha lo n , Pons,

and M edu lla  ob longa ta  are pos itio n ed  an te rio r to  th e  fo u rth  ve n tric le  
and even  fu r th e r  a n te rio r th e  A . basilaris runs a longs ide  th e  b ra ins tem . 
In th e  m edian  se c tion , th e  V e lum  m edu lla re  supe rius  c o n s titu te s  the  
rostra l w a ll o f th e  fo u rth  ve n tric le  and s tre tc h e s  fro m  th e  C erebe llum  to  
th e  q uad rigem ina l p la te  (Lam ina te c ti [Lam ina quad rigem ina ]). The  p ine 
al g land (G landula p inea lis) and th e  C orpus ca llosum  are loca ted  on top .

Lob us ce re b e lli a n te r io r

Lob us ce re b e lli p o s te r io r

Fig. 12.64 Cerebellum, Cerebellum; p os te rio r supe rio r v iew .
The  C erebe llum  d iv ides  in to  th e  vermis (V erm is cerebe lli) and tw o  
hemispheres. The T ube r ve rm is , fo liu m , declive , cu lm e n , as w e ll as 
th e  Lobu lus  cen tra lis  and th e  L ingula ce reb e lli are sh ow n . The ce reb e l
lar h e m isp h e re s  d iv ide  in to  three lobes (-» Fig. 12.71):

•  Lobus ce reb e lli an te rio r
•  Lobus ce reb e lli p os te rio r
•  Lobus flo ccu lo n od u la ris  (nodu le  +  flo ccu lu s  - *  Figs. 12.65 and 12.66) 
The  lobes subd iv ide  fu r th e r  in to  lobuli, such as Lobu lus  quadrangu laris  
an te rio r, Lobu lus  quadrangu laris  p o s te rio r (Lobu lus  s im p lex), and th e  
Lobuli se m ilu na re s  su pe rio r and in fe rio r.

Lobulus simplex, 
Lobulus quadrangularis 
posterior

Folium vermis

Lobulus centralis

Lobulus semilunaris 
superior

Tuber vermis
Lobulus semilunaris inferior

Lobulus quadrangularis anterior, 
Pars anterior

Fissura prima

Culmen

Declive
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Cerebellum, cortex

Lob u lus  se m ilu n a ris  su p e rio r

F issura  h o rizo n ta lis

Lob u lus  se m iluna ris  
in fe r io r

Lob u lus  b ive n te r

Tuber ve rm is

P yram is ve rm is  

Uvu la ve rm is  

N odu lus

T onsilla  ce rebe lli

F loccu lu s

Hemispherium cerebelli

Fig. 12.65 Cerebellum, Cerebellum; p o s te rio r in fe rio r v iew .
The tu b e r o f ve rm is , pyram is , uvula, and nodu le  beco m e  v is ib le  fro m  
th is  ang le . V is ib le  are a lso th e  paired  to n s il o f th e  C erebe llum  (Tonsilla

cerebe lli) as w e ll as th e  Lobu li sem iluna res  su pe rio r and in fe rio r, sepa
ra ted  by th e  Fissura horizon ta lis . The  Lobu lus  b ive n te r is loca ted  b e lo w  
th e  Lobu lus  sem iluna ris  in fe rio r and above th e  flo ccu lu s .

Fig. 12.66 Cerebellum, Cerebellum; a n te rio r v ie w ; a fte r  d issection  
o f th e  ce rebe lla r peduncles.
The a n te rio r su rface  d ep ic ts  th e  ce rebe lla r p edunc les  w h ic h  co nn e c t 
th e  C erebe llum  to  th e  b ra in s te m : Peduncu li ce rebe lla res  supe rio r, m e- 
d ius, and in fe rio r. The  V e lum  m edu llä re  supe rius  d iv ides  th e  ve rm is

(Verm is cerebe lli) and co nn e c ts  bo th  ce rebe lla r p edunc les . The  paired 
V e lum  m edu lla re  in fe rius loca ted on th e  le f t and righ t s ide o f the  nodu le  
c o n tin u e s  b ila te ra lly  to w a rd s  th e  flo ccu lu s . The  ce rebe lla r hem isp h ere s  
c o n s titu te  th e  o u te r parts.

C lin ica l R e m a rk s ---------------------------------------
In th e  e ve n t o f increased  intracran ia l p ressu re  (e.g. due  to  a tu 
m o u r o r b leed ing), th e  m o s t caudal s tru c tu re  o f th e  C erebe llum , 
th e  area o f th e  ce rebe lla r to n s ils , is a t r isk  o f being  squeezed  be
tw e e n  bone and M edu lla  ob longa ta  in th e  reg ion  o f th e  Foram en 
m a gn u m . The  resu lting  p ressu re  e xe rte d  on th e  M edu lla  ob longa ta  
can cause  a loss o f v ita l fu n c tio n s , e .g . resp ira tion , and cause  death. 
Th is  to n s illa r hern ia tion , a lso nam ed d o w n w a rd  ce rebe lla r hern ia 

tio n , re sem b le s  an infratentorial herniation type , w h ich  m u s t be 
d is tin g u ish e d  fro m  a supratentorial herniation, like  th e  centra l 
hern ia tion , a lso nam ed tra n s te n to ria l hern ia tion . H ere , squeez ing  o f 
th e  parts  o f th e  D iencepha lon  and M e sen ce p ha lo n  in th e  Incisura 
te n to rii can re su lt in a loss o f fu n c tio n  o f th e  Form atio  re ticu la ris  and 
co rticob u lba r and rubrosp ina l tra c ts . The su pra ten to ria l hern ia tion  
can p recede  an in fra ten to ria l hern ia tion .

Declive

Velum  m edu lla re  supe rius

Tegmen ventriculi quarti 

Velum  m e d u lla re  in fe riu s

H e m isphe rium  ce rebe lli

Culmen

Lobulus centralis
Ala lobuli centralis

Lingula cerebelli

P e duncu lus  c e re b e lla r is  su p e rio r 

P e duncu lus  c e re b e lla r is  m ed ius

P e duncu lus  c e re b e lla r is  in fe r io r 

F loccu lu s

Recessus lateralis 
ventriculi quarti

H e m isphe rium  ce rebe lli

Vallecula cerebelli

Fissura horizontalis

Fissura posterolateralis 

Pedunculus flocculi 

N odulus
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Nuclei of the cerebellum

Velum medulläre

Medulla oblongata

M edu lla  ce rebe lli
C o rte x  ce rebe lli

Ventriculus quartus

Hilum nuclei dentati

Lamina tecti

Pedunculus cerebellaris superior 

Lingula cerebelli

Plexus choroideus ventriculi quarti

N u cleus  den ta tus

Corpus medulläre cerebelli

Tegmen ventriculi 
quarti

Frenulum veli medullaris 
superioris

Velum medulläre superius

Fig. 12.67 Cerebellum, Cerebellum; o b lique  se c tion ; p os te rio r 
v iew .
A n  o b lique  se c tion  th ro u gh  th e  C erebe llum  revea ls  th e  s tru c tu re  o f th e  
g rey  subs ta nce  w h ic h  co ns is ts  o f th e  co rte x  (C ortex ce rebe lli) and m e 
dulla (M edu lla  cerebe lli). V is ib le  in th e  m edu lla  is th e  b ig g e s t o f th e  fo u r

ce rebe lla r nuc le i, th e  Nucleus dentatus, w ith  its  g rey  substance  s h o w 
ing a jagged  and gyral co n fig u ra tion . Th is  nuc leus is n o t o n ly  loca ted in 
bo th  ce rebe lla r hem isp h ere s  (P on tocerebe llum ) b u t a lso  has m u ltip le  
c lose  fu n c tio na l co nn e c tio ns  w ith  th e  ce rebe lla r co rtex .

N u cle i ce rebe lli

Fig. 12.68 Cerebellum, Cerebellum, with cerebellar nuclei. Nuclei 
cerebelli; o b lique  se c tion  th ro u gh  th e  upp e r ce rebe lla r peduncles; 
p o s te rio r v iew .
The  C erebe llum  is co m po se d  o f th e  medullary centre (C orpus m edu l- 
lare cerebe lli) w ith  e m be d d ed  ce rebe lla r nuc le i and th e  su rround ing  
cerebellar cortex (C ortex ce rebe lli). The  o b lique  se c tion  revea ls  all fo u r 
ce rebe lla r nuc le i in bo th  h e m isp h e re s  (P on tocerebe llum ). The N ucleus 
d en ta tu s  is U -shaped and jagged. M ed ia l to  th e  N uc leus d en ta tu s  lies

th e  N uc leus in te rp o s itu s  an te rio r (e m bo lifo rm is ) and even  fu r th e r  m e d i
al th e  N uc leus in te rp o s itu s  p o s te rio r (g lobosus), b o th  co lle c tive ly  na
m e d  Nucleus interpositus. B oth  nucle i share fu n c tio n a l s im ila rit ie s  
and c o n n e c t w ith  th e  paraverm al and ve rm al zone o f th e  C erebe llum  
(S p inocerebe llum ). Loca ted  in th e  m edu lla  o f  th e  v e rm is  are th e  righ t 
and le f t N uc leus fa s tig ii w h ic h  have c lose  fu n c tio na l co nn e c tio ns  w ith  
th e  co rte x  o f th e  Lobus flo ccu lo n od u la ris  (V estibu loce rebe llum ) 
(-*  Figs. 12.65 and 12.66).

(Laminae albae)

Decussatio pedunculorum cerebellarium superiorum 

Fasciculus longitudinalis medialis

Pedunculus cerebellaris superior 

C o rte x  ce re b e lli

Stratum moleculare

Stratum granulosum

Fissurae cerebelli

Hilum nuclei dentati

C o rpu s  m edu llä re  ce rebe lli

Nodulus

Ventriculus quartus

Velum medulläre superius 

Lingula cerebelli

-------  N u c leus  fa s tig ii

N u c leus  in te rp o s itu s  
p o s te r io r  [g lo b o su s ]

N u c leus  in te rp o s itu s  
a n te r io r  [e m b o lifo rm is ]

N u c leus  d e n ta tu s
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Cerebellar connections

Fig. 12.69 Schematic structure of the basic flow of information 
from and to the Cerebellum. [14]
B lue a rro w s  ind ica te  th e  s y s te m s  p rov id ing  in p u t fo r  th e  C erebe llum , 
red a rro w s  d em o n s tra te  th e  parts  o f th e  CNS rece iv ing  o u tp u t in fo rm a
tion  fro m  th e  C erebe llum .

C ereb e lla r c o rte x C ereb e lla r nuc le i

Nuclei pontis Tractus pontocerebellaris
Tractus
cerebello-

Pontocerebellum Nucleus thalamicus
(hemispheres) dentatus Cortex

Fig. 12.70 Schematic presentation of the cerebellar compart
ments with corresponding afferent and efferent connections. [14]
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Cerebellum, organisation

Lobus cerebelli anterior

Lobus cerebelli posterior

Lobus flocculonodularis

Fig. 12.71 P arts o f th e  cerebe lla r v erm is . V erm is  cerebe lli, I to  X;
median section; overview.
The S p in o c e re b e llu m  consists of the vermis, the bilateral paravermal 
zone and the major part of the Lobus cerebelli anterior with the excep
tion of the nodule. Functionally, it controls the muscular tonus and re
gulates body and limb movements. The Spinocerebellum receives the

majority of its afferent proprioception input from the spinal cord (Trac- 
tus spinocerebellares anterior and posterior, Tractus cuneocerebella- 
ris). Additional afferent fibers come from the Formatio reticularis and 
the Nuclei olivares inferiores. The nodule is part of the V estibu locere - 
b e llu m .

S tru c tu re  o f th e  C erebe lla r V erm is, V erm is  cerebe lli (Roman numbers according to the classification by LARSELL)

1 Lingula cerebelli

II, III Lobus centralis

IV, V Culmen

Fissura prim a

VI Declive

VII A Folium vermis

Fissura h o rizon ta lis

VII B Tuber vermis

VIII Pyramis vermis

Fissura secunda

IX Uvula vermis

Fissura p o ste ro la te ra lis

X Nodulus

i- C lin ica l R e m a rk s ---------------------------------------
Lesions o f th e  S p in o c e re b e llu m  result in largely irreparable deficits 
in the coordination movement sequences. Loss or severely impaired 
coordination between muscle agonists and antagonists results in 
postural maladjustment with wide-based stance, gait ataxia and lack 
of coordination of movements (dysmetria).
Intention tremor is a typical symptom of les ions o f th e  Pontoce- 
reb e llu m . This tremor becomes more intense in the extremities

during voluntary movements and is particularly severe towards the 
end of the movement. The disturbed muscular coordination invol
ves asynergies as demonstrated by dysmetria (incoordinated move
ments of the hand, arm, leg, or eye undershooting or overshooting 
an intended position) and dysdiadochokinesis (inability to execute 
rapid changes of antagonistic movements).
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Vermis
Hemispherium cerebelli cerebelli

Cerebellum, organisation

Lobus cerebelli posterior

Lobus flocculonodularis

Fig. 12 .72  C erebe lla r c o rtex . C o rtex  cerebe lli, and cerebe llar  
v erm is . V erm is  cerebe lli; diagram of the cerebellar cortex 
outstretched; overview.
With the exception of the Lobus cerebelli anterior, the hemispheres are 
separated by the vermis and include the areas H II to H IX of LARSELL's 
classification. They constitute the P on tocerebe llum  (Cerebrocerebel- 
lum). The Pontocerebellum receives its afferent fibres primarily from 
the pontine nuclei (Nuclei pontis). This part of the Cerebellum has close

connections with the cerebral cortex via the Pons and participates in 
the planning of voluntary movements. Collectively named the Lobulus  
flo ccu lono du laris , the nodule and flocculus (X and H X) are the essen
tial components of the V e s tib u lo c e re b e llu m . The extensive connec
tions with the vestibular system of the inner ear provide the majority of 
afferent fibres to the Vestibulocerebellum. The main function of the 
Vestibulocerebellum is to regulate balance.

S tru c tu re  o f th e  C erebe lla r H em isph eres  (Roman numbers according to the classification by LARSELL)

H II, III Ala lobuli centralis

HIV, V Lobulus quadrangularis anterior

Fissura p rim a

H VI Lobulus quadrangularis posterior (Lobulus simplex)

H VII A Lobulus semilunaris superior

Fissura horizon ta lis

H VII A Lobulus semilunaris inferior

HVII B Lobulus gracilis

H VIII A und B Lobulus biventer

Fissura secunda

H IX Tonsilla cerebelli

Fissura p o ste ro la te ra lis

HX Flocculus

i- C lin ica l R e m a rk s ---------------------------------------
Lesions o f th e  V e s tib u lo c e re b e llu m  mainly result in an impaired 
balance and control of eye movements. This includes the inability 
to translate vestibular input during head turns into coordinated eye 
movements and causes difficulties in controlling the postural mus

cles during standing, walking, or sitting (ataxia affecting the torso, 
stance, and gait; incoordination of movement). The incoordination of 
eye movements results in spontaneous nystagmus and involuntary 
saccadic eye movements.
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Association and commissural tracts

F ibrae a rcua tae  ce reb ri

Cingulum

F a sc icu lu s  lo n g itu d in a lis  su p e rio r

F a sc icu lu s  unc ina tus

F a sc icu lu s  lo n g itu d in a lis  in fe r io r

Fig. 12.73 Association tracts, Neurofibrae associationes, and 
arcuate fibres, Fibrae arcuatae; o ve rv ie w ; v ie w  fro m  th e  le f t  s ide. 
The  m a jo rity  o f  fib re s  in th e  w h ite  m a tte r are assoc ia tion  fib re s . They 
c o n n e c t d if fe re n t reg ions w ith in  one  h em isp h e re  and fa c ilita te  associa
tio n  and in teg ra tive  fu n c tio n s  by  link ing  fu n c tio n a lly  d is t in c t areas. 
Short association fibres, kn ow n  as Fibrae arcuatae ce rebri, are

loca ted  near th e  co rte x  and th e ir  U -shaped s tru c tu re  is idea lly  su ited  in 
co nn e c tin g  ne ighbou ring  gyri. Long association fibres loca ted  dee p e r 
in th e  m edu lla  in te rco n n e c t th e  lobes.
Functiona lly  im p o rta n t assoc ia tion  tra c ts  are th e  Fasciculi long itud ina lis  
superio r, long itud ina lis  in fe rio r, and unc ina tus  as w e ll as th e  Fibrae ar
cuatae ce rebri and th e  C ingu lum .

C o m m issu ra  p o s te r io r  

C o m m issu ra  hab enu la rum

C o m m issu ra  a n te r io r
Forceps m a jo r

Fo rceps m in o r

Genu

Rostrum

Truncus

Splem um

C o rpu s  ca llosum

R a d ia tio  c o rp o r is  ca llo s i

Fig. 12.74 Commissural tracts, Neurofibrae commissurales; to p o 
graph ic  o v e rv ie w ; v ie w  fro m  th e  le f t s ide ; a fte r  e x te n s ive  rem ova l o f 
th e  co rpu s  ca llosum  in th e  param edian p lane, s ing le  fib re s  o f th e  
co rpus ca llosum  are sh ow n .
C om m issu ra l (transverse ) fib re s  fa c ilita te  th e  in fo rm a tio n  exchange  
b e tw e e n  th e  tw o  ce rebra l hem isp h e re s , e .g . to  gene ra te  a co m p le te  
visual im age com posed  o f th e  visual inpu t to  each cerebra l hem isphere . 
Homotopic co m m issu ra l fib re s  c o n n e c t co rrespond ing  cerebra l areas, 
heterotopic co m m issu ra l f ib re s  fa c ilita te  th e  exchange  b e tw e e n  non
co rrespond ing  cerebra l areas.

Each p hy lo g en e tic  cerebra l part has its  o w n  co m m issu re : fo r  th e  paleo
co rte x , th is  is th e  C om m issu ra  an te rio r, fo r  th e  a rch ico rtex , it is th e  
C om m issu ra  fo rn ic is , and th e  C orpus ca llosum  se rves th is  fu n c tio n  in 
th e  neoco rtex . The  la tte r co ns is ts  o f th e  R ostrum , Genu, T runcus, and 
S p len ium . The  C orpus ca llosum  is s h o rte r than th e  cerebra l hem i
sphe res  and, thus , th e  rostra l and occ ip ita l f ib e rs  c rea te  fan-shaped 
p ro je c tio ns  in to  th e  co rresp o n d in g  lobes (Radiatio corporis callosi, 
p ro je c tio ns  o f th e  C orpus ca llosum  w ith  Forceps m in o r and Forceps 
m a jo r).H o w e ve r, som e  h o m o to p ic  cerebra l areas do  n o t c o n n e c t via 
co m m issu ra l fib e rs . These  inc lude  th e  p rim a ry  v isua l co rte x , th e  p rim a 
ry a ud ito ry  co rte x , and th e  so m a to se n so ry  areas fo r  hand and fo o t.
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Projection tracts

Corpus callosum, Truncus 

Gyrus cinguli

Sulcus corporis callosi

Corpus callosum, Genu

Gyrus precentralis 

C orona  rad ia ta

Sulcus parietooccipitalis 

Corpus callosum, Splenium

• Corpus geniculatum laterale 

Sulcus calcarinus

Pedunculus cerebellaris medius 

Tractus pyramidalis, Fibrae corticospinales

C a psu la  in te rn a , C rus  an te r iu s

C a psu la  in te rn a , Genu

Capsula interna, Crus posterius 

Tractus 

Pedunculus cerebri
Pons

Pyramis

Fig. 12.75 Projection tracts, Neurofibrae projectiones; v ie w  fro m  
th e  le f t s ide ; th e  in terna l capsu le  and th e  pyram ida l tra c t have been 
exposed .
P ro jection  tra c ts  c o n s is t o f p ro jec tion  fib re s  w h ic h  c o n n e c t th e  co rte x  
w ith  su b ja ce n t s tru c tu re s  o f th e  CNS (e.g. th a lam us , b ra ins tem ). In the  
area o f th e  s tr ia tu m  and pa llidum , th e se  fib re s  have to  pass th ro u gh  
n a rro w  spaces w h e re  all fib re s  conve rge . T hese  b o ttle n e ck  areas are

th e  Capsula in te rna  and th e  Capsula ex te rna  b e tw e e n  th e  N uc leus len- 
t ifo rm is  and C laustrum  as w e ll as th e  Capsula e x tre m a  b e tw e e n  th e  
insu la r co rte x  and th e  C laustrum . The Capsula interna is th e  m ain pas
sa ge w a y  fo r  p ro jec tion  fib res . The  Capsula externa and th e  Capsula 
extrema m ain ly  con ta in  long assoc ia tion  fib re s . The Corona radiata 
describ e s  th e  radial a rran g e m en t o f p ro jec tion  fib re s  b e tw e e n  th e  ce re 
bral co rte x  and th e  Capsula interna.

Fig. 12.76 Internal capsule, Capsula interna, and pyramidal tract, 
Tractus pyramidalis; fu n c tio na l o v e rv ie w ; v ie w  fro m  th e  le f t s ide.
A t th e  Capsula in te rna , a lm o s t all co rtica l p ro jec tion  tra c ts  conve rge  in 
a n a rro w  space. Th is  is exam p lif ie d  w ith  th e  pyramidal tract derived  
fro m  th e  G yrus p rece n tra lis  s h o w n  in red, w h ic h  c o n tin u e s  as T rac tus  
co rticosp in a le s  la tera lis and an te rio r in to  th e  sp ina l cord.

*  f ib re s  to  th e  q uad rigem ina l p la te  and to  th e  nucle i o f th e  
R hom bencepha lon  

* *  perikarya o f th e  pyram ida l tra c t 
* * *  perikarya o f area 6 and 8  (p re m o to r co rtica l fie ld )
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Nucleus caudatus, Caput , i Radiationes thalami anteriores

C a psula  in te rn a , C rus  an te rius
Mm. bulbi

Mm. laryngis

Tractus frontopontinus
Mm. pharyngis

I
Mm. palati et faucium

Globus pallidus medialis 

C a psula  ex te rna  

C a psu la  ex tre m a

C a psu la  in te rna , 
C rus  p o s te r iu s

Crus posterius; 
Fibrae corticospinales; 
Fibrae corticorubrales; 

Fibrae corticoreticulares; 
Fibrae corticothalamicae; 
Fibrae thalamoparietales; 

Radiationes thalami centrales
Radiatio acustica

Radiatio optica

Vv. Mm. cinguli pectoralis 

Mm. thoracis

Mm. abdominis

Mm. membri 
inferioris

Femur

Crus

Pes

(dm. digitorum pedis

I
Mm. vesicae urinariae; Mm. recti

Fig. 12.77 Internal capsule, Capsula interna; fu n c tio na l s tru c tu re . 
The  Capsula in te rna  is c lin ica lly  h igh ly  re le va n t because it co n ta in s  al
m o s t all cortical projection tracts co nce n tra te d  in a sm a ll space. The 
m arg ins o f th e  Capsula in te rna  are fo rm e d  by th e  N uc leus cauda tus  in 
th e  a n te rio r m ed ia l part, th e  Tha lam us in th e  p o s te rio r m ed ia l sec tion , 
and th e  G lobus pallidus and P u tam en latera lly. In th e  horizonta l sec tion , 
th e  Capsula in terna has a bend  shape. A n  a n te rio r lim b  (Crus anterius),

a genu  (Genu), and a p o s te rio r lim b  (Crus p oste rius) are d is tingu ishab le . 
The desce n d in g  tra c ts  w ith in  th e  Capsula in te rna  have a somatotopic 
a rrangem en t. The  c o rticon u c lea r fib re s  run in th e  genu , w h ile  th e  co rti
cospina l f ib re s  fo r  th e  upper e x tre m ity , to rso , and lo w e r e x tre m ity  are 
so m a to to p ica lly  a rranged in an a n te rio r to  p o s te rio r d ire c tio n  in th e  C rus 
poste rius .

C a psu la  in te rn a , Genu

Insula [Lobus insularis] 

Claustrum 

Putamen

Globus pallidus lateralis
Mm. brachii

Tracts and Arterial Blood Supply of the Capsula interna [14]

Locations Tracts
(due to  c lin ical p rac tise  th e  te rm s  F ibrae and T rac tus  are used in te rch a n ge a b ly  here)

B lood S up p ly

A n te rio r lim b  
(Crus anterius)

•  T rac tus  fro n to p o n tin u s  (from  fro n ta l lobe to  Pons)
•  R adiatio th a la m i an te rio r (from  Tha lam us to  fro n ta l co rtex)

Aa. cen tra les  an te rom ed ia - 
les (from  A . cerebri 
anterio r)

Genu •  T rac tus  co rticon u c lea ris  (part o f th e  pyram ida l trac t) Aa. cen tra les  an te ro la te ra 
les (from  A . ce reb ri m edia) 
=  Aa. len ticu los tria ta e

P oste rio r lim b  
(Crus poste rius)

•  T rac tus  co rticosp ina lis
•  T rac tus  co rtico ru b ra lis  and T rac tus  co rtico re ticu la ris
•  R adiatio ce n tra lis  th a la m i (from  rostra l th a la m ic  nucle i to  m o to r co rtex)
•  R adiatio th a la m i p os te rio r (from  C orpus g en icu la tu m  latera le  and add itiona l th a la m ic  

nucle i to  th e  parie ta l and occ ip ita l lobes)
•  T rac tus  p a rie to te m p o ro p o n tin a e  and T rac tus  o cc ip ito p o n tin u s  (from  Lobus te m p o ra lis  

o r Lobus o cc ip ita lis  to  Pons)
•  R adiatio op tica  (op tic  rad ia tion; fro m  C orpus gen icu la tu m  latera le  to  occ ip ita l lobe)
•  Radiatio acustica (aud ito ry radiation; fro m  Corpus gen icu la tum  m edia le  to  tem pora l lobe)

Rr. capsu lae  in te rnae  
(from  A . choro idea  anterio r)

i- C lin ica l R e m a rk s ---------------------------------------
The b lood  vesse ls  to  th e  C apsula in te rna  are te rm ina l a rte ries . N ot 
in freq u e n tly , vascular occlusion o r mass bleeding in to  th e  in te r
nal capsu le  caused  by  ru p tu re  o f b lood ve sse ls  (particu la rly  th e  Aa. 
cen tra les  an te ro la te ra les) occur. D es tru c tio n  o f th e  fib re  tra c ts  and

stroke are th e  co nse q u en ce s . The  e x te n t o f th e  s tro ke  depends on 
its  loca tion  w ith in  th e  Capsula in te rna  and can invo lve  a contra la te ra l 
para lysis (hem ip leg ia), se nso ry  d e fic its , and b lindness  on th e  con tra 
latera l v isua l fie ld  (hem ianopsia).
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Pyramidal tract

Putamen 

Globus pallidus medlalis

Ventriculus lateralis, 
Cornu temporale

Pes hippocampi 

Corpora mamillaria

Pedunculus cerebellaris medius

Fornix, Columna
Septum pellucidum

Fasciculus mamillothalamicus

Nucleus subthalamicus

Lobus parietalis

C a psula  in te rna

Nucleus lentiformis

Lamina medullaris lateralis 

Capsula externa 

Claustrum 

Capsula extrema 

Lamina medullaris medialis

opticus

Substantia nigra, Pars compacta 

Pedunculus cerebri, Crus cerebri 

Fasciculus longitudinalis medialis

Nucleus olivaris inferior Fossa interpeduncularis

-III = thalamic nuclei, Nuclei thalami:
= Nuclei mediani
= Nuclei anteriores

I = Nuclei ventrales

D e cu ssa tio  py ram idum

Medulla

olivare

Hilum nuclei olivaris inferioris

Fissura longitudinalis cerebri 

Corpus callosum, Truncus

Radiatio corporis callosi

Ventriculus lateralis, Pars

Nucleus caudatus, Caput 

Ventriculus tertius 

Globus pallidus lateralis 

Gyri insulae

Fig. 12.78 Pyramidal tract, Tractus pyramidalis, and basal 
ganglia. Nuclei basales; o b lique  s ta g g ere d  se c tion  th ro u gh  th e  
p o s te rio r lim b  o f th e  in terna l capsu le , th e  cerebra l pedunc les , and th e  
m edu lla  ob longa ta ; an te rio r v ie w ; pyram ida l tra c ts  s h o w n  in co lou r, 
r igh t: p ink, le ft: g reen .
The pyram ida l tra c t tra n s m its  m o to r im pu lses  fro m  th e  m o to r co rte x  to  
th e  m o to r e ffe re n t nuc le i o f th e  cranial nerves (Fibrae co rticonuc lea res) 
and th e  m o to r neurons in th e  a n te rio r horn o f th e  sp ina l cord  (Fibrae 
co rticosp ina les). The  fib re s  originate in th e  g y rus  p recen tra lis , in 
seconda ry  m o to r fie ld s , and in so m a to se n so ry  co rtica l areas. The con-

r  C lin ica l R e m a rk s ---------------------------------------
Lesions of the pyramidal tract f irs t re su lt in a flacc id  para lysis o f 
th e  m u sc le s  on th e  contra la te ra l s ide , d e sp ite  th e  fa c t th a t p ropa
gation  o f ac tion  p o te n tia ls  rem ains in ta c t in th e  periphera l nervous 
sys te m  and in th e  m usc les . Particularly, f in e  m o to r sk ills  o f the  
hands and fe e t are im pa ired , w h ile  g ross  m o v e m e n t p a tte rn s  in th e  
p rox im a l e x tre m it ie s  and th e  to rs o  are usua lly  u na ffe c te d . Pyram idal 
les ions  evoke  p rim itiv e  re flexes  p rev ious ly  b locked  by th e  co rtico sp i
nal m o to r sys te m , like th e  BABINSKI's reflex. Up to  2 years  o f age, 
th e  nerve  fib re s  o f th e  pyram ida l tra c t are n o t fu lly  m ye lin a te d  and,

verging f ib re s  c rea te  th e  Corona radiata. S om ato to p ica lly  arranged, th e  
fib re s  pass th ro u g h  th e  genu and p o s te rio r lim b  o f th e  Capsula in terna 
( - *  Fig. 12.77). In th e  M esen ce p ha lo n , th e  fib re s  e n te r th e  Crura cere
bri. A long  th e  w a y  th ro u g h  th e  b ra ins tem , th e  Fibrae co rticonuc lea res  
e x it th e  pyram ida l tra c t a t d if fe re n t leve ls. A t th e  d ecussa tion  o f pyra
m ids  (Decussatio pyramidum), th e  m a jo r p a rt o f th e  rem a in ing  fib res  
(Fibrae co rticosp ina les) c ross  to  th e  o pp o s ite  s ide , a sm a lle r fra c tio n  
courses  on  th e  ips ila te ra l s ide  d o w n w a rd s  and c ro sses  to  th e  oppos ite  
s ide  o n ly  w ith in  th e  spinal cord.

thus , p r im itiv e  re flexes , such  as th e  B A B IN S K I's  re fle x  (scra tch ing  
o f th e  latera l s ide  o f th e  fo o t so le  causes a dorsa l ex te n s io n  o f th e  
big toe ) are cons id e red  as a norm a l and th e re a fte r as a patholog ica l 
re flex  response .
W ith  tim e , p a tie n ts  w ith  a lesion  o f th e  pyram ida l tra c t d eve lo p  an 
increased m uscu la r tonus  and e x te n so r re flexes, b u t w ea ke n ed  fle xo r 
re flexes . H o w e ve r, th is  syn d ro m e  o f sp as tic  para lysis re fle c ts  an ad
d itiona l dam age to  re ticu losp ina l (extrapyram idal) tra c ts .
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Foramen interventriculare

C o rnu  fro n ta le

Lobus frontalis

Sulcus lateralis

Pons

Sulcus centralis

parietalis

P ars ce n tra lis

Ventriculus tertius

C o rnu  o c c ip ita le

Lobus occipitalis

Apertura mediana

Ventriculus quartus 

Apertura lateralis

Canalis centralis
Medulla oblongata

Lobus temporalis

C o rnu  te m p o ra le

Fig. 12.79 Ventricles of the brain, Ventriculi encephali; v ie w  fro m  
th e  le f t s ide.
The  inne r subarachno id  space  co ns is ts  o f th e  ve n tr icu la r sy s te m  and 
th e  centra l canal (Canalis centra lis ) o f th e  sp ina l co rd. The ve n tricu la r

sys te m  is co m po se d  o f th e  paired lateral ventricles (V entricu li latera
les) w ith  Cornu fro n ta le , Pars centra lis , C ornu o cc ip ita le , and Cornu 
te m p o ra le , th e  third ventricle (V entricu lus te rtiu s ), th e  A q u ed u c tu s  
m esencepha li, and th e  fourth ventricle (V entricu lus quartus).

Lobus frontalis

Sulcus lateralis

Lobus temporalis

Cerebellum

Medulla oblongata

fro n ta le

Foram en in te rve n tr icu la re  

ce n tra lis  

V e n tricu lus  te rt iu s  

A q u e d u c tu s  m esencep ha li

C o rn u  te m p o ra le  

V e n tricu lus  q u a rtu s

A p e rtu ra  la te ra lis

Canalis centralis

Fig. 12.80 Ventricles of the brain, Ventriculi encephali; an te rio r ca ted  th ird  and fo u rth  ve n tr ic le s  have been p ro je c te d  o n to  th e  brain. 

In th is  an te rio r v ie w , th e  paired  latera l ve n tr ic le s  and th e  m e d ia lly  lo-
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Inner and outer subarachnoid spaces

Adhesio interthalamica

Foram en in te rve n tr icu la re

Commissura anterior 

Ventriculus lateralis, Cornu frontale

Recessus supraopticus
Chiasma opticum 

Recessus infundibuli

Colliculus 

Striae medulläres ventriculi quarti 

Sulcus medianus 

A p e rtu ra  la te ra lis  v e n tr ic u li q u a rti

Ventriculus lateralis, Cornu temporale

Ventriculus quartus 

Fastigium

lateralis ventriculi quarti

A p e rtu ra  m ed iana  v e n tr ic u li q u a rti

Canalis centralis

Ventriculus tertius

Ventriculus lateralis, Pars centralis 

Recessus suprapinealis 

Recessus pinealis

A q u e d u c tu s  m esencep ha li

Ventriculus lateralis, 
Cornu occipitale

Fig. 12.81 Inner subarachnoid spaces, Ventriculi encephali; 
corrosion cast specimen; o b lique  v ie w  fro m  th e  le f t s ide.
Each o f th e  latera l ve n tr ic le s  co nn e c ts  w ith  th e  th ird  ve n tric le  by  a 
separa te  Foram en in te rve n tricu la re  (foramen of MONRO). The th ird  
ve n tric le  c o m m u n ica te s  w ith  th e  fo u rth  v e n tr ic le  th ro u g h  th e  Aque-

ductus mesencephali. The fo u rth  v e n tr ic le  con ta ins  th re e  open ings 
(Apertu rae) to  th e  o u te r subarachno id  space: th e  A p e rtu ra  m ediana (fo
ram en o f M A G E N D IE ) and th e  paired  A p e rtu rae  la tera les (fo ram ina  o f 
LUSCHKA).

Granulationes arachnoideae 

Cornu frontale 

Cisterna pericallosa 

S patium  suba rach no ide um  

Foramen interventriculare*

Ventriculus tertius 

Cisterna chiasmatica 

Cisterna interpeduncularis 

Aqueductus mesencephali

Cisterna pontocerebellaris

Pars centralis

Sinus sagittalis superior

P lexus ch o ro id e u s  v e n tr ic u li la te ra lis

P lexus ch o ro id e u s  v e n tr ic u li te rt ii

occipitale 

temporale 

V. magna cerebri 

Sinus rectus 

Ventriculus quartus 

Confluens sinuum 

P lexus ch o ro id e u s  v e n tr ic u li q u a rti

Apertura mediana ventriculi quarti 

Cisterna cerebellomedullaris posterior 

Apertura lateralis

Fig. 12.82 Ventricles of the brain, Ventriculi encephali, and 
subarachnoid space, Spatium subarachnoideum; sch em a tic  
d ra w in g  o f th e  c ircu la tion  (arrow s) o f th e  ce reb rosp ina l flu id  fro m  th e  
inne r to  th e  o u te r subarachno id  space.
The  space  in b e tw e e n  th e  arachno id  and pia m a te r c o n s titu te s  th e  
o u te r subarachno id  space. It su rrou n d s  th e  brain as w e ll as th e  spinal 
cord. The  P lexus choro ide i in th e  ve n tr ic le s  p roduce  th e  m a jo r part o f 
th e  ce reb rosp ina l flu id  (L iquor cereb rosp ina lis).
The c ircu la ting  flu id  v o lu m e  (150 m l) is exchanged  p e rm a n e n tly  (daily 
p rod u c tio n  v o lu m e  approx. 500  m l).

The  ce reb rosp ina l flu id  (CSF) has m u ltip le  functions. It se rves  as a 
cush ion  to  p ro te c t th e  CNS fro m  m echan ica l fo rce s , reduces th e  w e ig h t 
o f th e  CNS (the  CSF creates  buoyancy w h ic h  causes a 97%  w e ig h t 
reduction  fro m  1400 g to  45  g), su p p o rts  th e  m e ta b o lism  o f th e  CNS, 
re m ove s  to x ic  su bs ta nce s , and tra n sp o rts  h o rm o n e s  (e.g. leptin).

*  c lin ica l te rm : fo ra m en  o f M O N R O  
* *  c lin ica l te rm : a qu e d uc t o f SYLVIUS
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Fig. 12.83 Corpus callosum; supe rio r v ie w ; a fte r rem ova l o f th e  
upper parts  o f th e  cerebra l hem ispheres.
A  su pe rio r v ie w  o n to  th e  C orpus ca llosum  revea ls  th e  rostra l to  occ ip ita l 
o rie n ta tio n  o f th e  S triae  long itud ina les  m ed ia les  and la tera les o f th e  
In dus ium  g rise u m  (conside red  a co rtica l part o f th e  lim b ic  sys tem ) as 
w e ll as th e  A . perica llosa  (A. ce reb ri an te rio r). The  C orpus ca llosum  
co ns is ts  o f th e  R ostrum , G enu, T runcus, and a th icken e d  p os te rio r end

(S p len ium ; -» Fig. 12.127). It c re a te s  th e  ro o f o f th e  latera l ve n tr ic le s  
and is co m po se d  o f co m m issu ra l fib re s  c o nn e c tin g  one  h em isphere  
w ith  th e  o th e r. It co n ta in s  app ro x im a te ly  200  m illion  axones.
The function o f th e  C orpus ca llosum  invo lves  th e  in fo rm a tio n  ex
change  and co ord in a tio n  b e tw e e n  th e  tw o  hem isp h e re s , w ith  each 
h em isp h e re  having  partia lly  d if fe re n t tasks  in th e  p rocess ing  o f in fo rm a 
tion .

i- C lin ica l R e m a rk s ---------------------------------------
The surgica l se c tion in g  o f th e  C orpus ca llosum  has been used fo r 
th e  tre a tm e n t o f so m e  severe  fo rm s  o f e p ile psy  (a lm o s t a lw ays  th e  
sp le n ium  w a s  k e p t in tact). The  ra tiona le  fo r  th is  d ras tic  th e ra py  w a s  
to  p re v e n t th e  propagation  o f th e  irregu la r brain exc ita tio n s  on to  
th e  u na ffe c te d  cerebra l h em isphere . A  s ig n ifica n t redu c tio n  in th e  
fre q u en cy  and se ve rity  o f e p ile p tic  se izu res  occurs . H o w e ve r, th is

opera tion , a lso  kn ow n  as split-brain operation or callosotomia,
re su lts  in p a tie n ts  s u ffe r in g  fro m  se ve re  co gn itive  im p a irm e n t and a 
sp lit-b ra in  syn d ro m e . The re fo re , th is  s u rge ry  has been large ly aban- 
donded. A  v iv id  descrip tio n  o f a p a tie n t w ith  split-brain syndrome 
is p rese n te d  in th e  b ook  by  O live r Sacks, a n e u ro log is t and a u th o r o f 
th e  1985 nove l "T h e  M an W h o  M is to o k  H is W ife  fo r  a H a t".
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Ventricles

Ventriculus lateralis, Pars centralis

Nucleus caudatus, Corpus

Capsula interna
Fornix, Crus

Insula [Lobus insularis]

C a lca r avis

Fossa lateralis 

Polus temporalis

Ventriculus lateralis, 
Cornu occipitale

Trigo num  c o lla te ra le

V. thalamostriata 
superior

Ventriculus lateralis, Cornu temporale

F im bria  h ip p o ca m p i

E m inen tia  c o lla te ra lis

H ippoca m pu s, 
A lveus h ip p o ca m p i

Corpus callosum, Truncus

Fig. 12.84 Lateral ventricles, Ventriculi laterales; p os te rio r 
supe rio r v ie w  fro m  th e  le f t s ide ; a fte r rem ova l o f th e  upper parts  o f 
th e  cerebra l hem ispheres .
V ie w  in to  bo th  lateral ve n tr ic le s . The  course  o f th e  Plexus choroideus 
is v is ib le  in th e  le f t la tera l ve n tr ic le . The  P lexus choro id eu s  has been 
lifte d  up w ith  a p robe  a t th e  tra n s itio n  fro m  th e  Pars cen tra lis  to  the  
Pars te m p o ra lis  o f th e  latera l ven tric le . The  P lexus choro id eu s  pro
duces cerebrospinal fluid.

The ro o f and th e  latera l w a ll o f th e  Cornu occ ip ita le  are fo rm e d  by th e  
ta p e tu m  (Radiatio  co rpo ris  ca llos i, R adiatio  optica ) (no t v is ib le ). The cal
ca r av is  fo rm s  th e  m ed ia l w a ll, and th e  T rigonum  c o lla te ra l  and th e  
E m inen tia  co lla te ra lis  c rea te  th e  flo o r. The  ro o f and latera l w a ll o f th e  
C ornu te m p o ra le  are p a rt o f th e  Cauda nucle i caudati and th e  ta p e tu m  
(not v is ib le ), th e  F im bria  h ippocam p i and th e  P lexus choro id eu s  fo rm  
th e  m ed ia l w a ll, and th e  flo o r  co ns is ts  o f th e  E m inen tia  co lla te ra lis  and 
th e  A lveu s  h ippocam p i (-» Figs. 12.87, 12.123 to  12.126).

H ippoca m pu s

A lveus h ip p o ca m p i

T rigo num  c o lla te ra le

Pes h ip p o ca m p i

F im bria  h ip p o ca m p i

Uncus 

Sulcus hippocampalis 

Gyrus dentatus 

G yrus p a ra h ip p o ca m p a lis

Sulcus collateralis

Fig. 12.85 Left temporal horn. Cornu temporale, of the lateral 
ventricle, Ventriculus lateralis; fro n ta l se c tion  a fte r  rem ova l o f the  
te m p o ra l w a ll; p o s te rio r su pe rio r v iew .
The H ippocam pus, th e  A lve u s  h ippocam p i, th e  F im briae  h ippocam pi, 
and th e  Pes h ippocam p i fo rm  parts  o f th e  flo o r  o f  th e  C ornu tem p o ra le

o f th e  latera l ve n tr ic le . The  T rigonum  co lla te ra le  is a lso v is ib le . The  H ip
pocam pus fo rm a tio n  w ith  th e  G yrus parah ippocam pa lis  is v is ib le  in the  
fro n ta l se c tion . The  Hippocampus is a centra l e le m e n t o f th e  lim b ic  
sy s te m  (-» Fig. 12.47) and is invo lved  in p rocesses o f learn ing , m e m o 
ry, and e m o tio n s .
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Ventricles

Gyrus cinguli

Ventriculus lateralis, Cornu frontale

Cavum septi pellucidi

Septum pellucidum

Fornix, Columna 

Foramen interventriculare

Ventriculus lateralis, Pars centralis 

Fornix, Corpus

Insula [Lobus insularis]

Fornix, Crus

Fimbria hippocampi 

Hippocampus 

Trigonum collatérale

Calcar avis

Ventriculus lateralis, Cornu occipitale

Corpus callosum, Genu

Corpus callosum, Rostrum

Nucleus caudatus, Caput

V. thalamostriata superior 

Stria terminalis

Nucleus caudatus, Corpus 

Lamina affixa

Plexus choroideus ventriculi lateralis

Tela choroidea ventriculi tertii 

Glomus choroideum 

Corpus callosum, Splenium

Vermis cerebelli

Fig. 12.86 Latera l ven tric les , V en tricu li la tera les ; su pe rio r v ie w ; 
a fte r  rem ova l o f th e  upper p a rt o f th e  cerebra l h e m isp h e re s  and th e  
centra l part o f th e  C orpus ca llosum .
Th is v ie w  s h o w s  th e  Cornu fro n ta le , th e  Pars ce n tra lis  and th e  Cornu 
o cc ip ita le  as w e ll as th e  tra n s itio n  o f bo th  lateral ve n tr ic le s  to  th e  Cornu 
tem p o ra le . The  m arg ins  o f th e  C ornu  fro n ta le  are th e  G enu o f th e  
C orpus ca llosum  (ante rio r w a ll), th e  T runcus o f th e  C orpus ca llosum  
(roof, n o t v is ib le , because  th e  C orpus ca llosum  w a s  de tached  a t th e  
genu and th e  sp len ium ), th e  S ep tu m  p e lluc idum  (m edia l w a ll), th e  ca-

p u t o f th e  N uc leus cauda tus  (lateral w a ll), as w e ll as th e  ro s tru m  o f the  
C orpus ca llosum  (floor). The  Foram ina in te rven tricu la ria  (fo ra m in a  of 
M O N R O ) in th e  C ornu fro n ta le  are a lso v is ib le . L ike th e  Pars fron ta lis , 
th e  ro o f o f th e  Pars cen tra lis  is fo rm e d  by  th e  T ru n cus  o f th e  C orpus 
ca llosum  (rem oved). The crus  o f th e  fo rn ix  and th e  S ep tu m  p e lluc idum  
create  th e  m ed ia l w a ll, th e  C orpus o f th e  N uc leus cauda tus  fo rm s  the  
latera l w a ll, and th e  flo o r  c o n s is ts  o f th e  Lam ina a ffixa  o f th e  P lexus 
choro id eu s  and th e  crus o f th e  fo rn ix .

Fig. 12.87 Tem pora l horn . C ornu te m p o ra le , o f th e  la tera l 
ven tric le , V en tricu lu s  la tera lis ; sch e m a tic  fro n ta l sec tion .
The  s ch e m e  d e m o n s tra te s  th e  to p o g ra p h ic  re la tio n ssh ip  o f th e  lateral 
v e n tr ic le  and th e  H ippocam pus fo rm a tio n . The  P lexus choro id eu s  pro-

tru d e s  in to  th e  latera l ve n tr ic le . The  w a lls  o f  th e  v e n tr ic le  are co lou red  
in b rig h t g reen , w h ile  th e  ce reb rosp ina l flu id  and th e  in te rna l ve n tricu la r 
space are s h o w n  in w h ite .
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Ventricles

Fig. 12 .88  Latera l ven tric les , V en tricu li la tera les ; supe rio r v ie w ; C ornu fro n ta le , Pars centra lis , and th e  Cornu o cc ip ita le  o f th e  lateral
a fte r  rem ova l o f th e  centra l part o f th e  co rpu s  ca llosum  and th e  ve n tr ic le s  are  v is ib le . Laterally, th e  Plexus choro ideus  co n tin u e s
co lu m n s  o f th e  fo rn ix . a longs ide  th e  H ippocam pus  in to  th e  Cornu tem p o ra le .
S how n  is th e  Tela choro idea  overa rch ing  th e  th ird  ve n tr ic le . The  Vv. 
in te rnae  ce rebri g leam  th ro u g h  and drain  in to  th e  V. m agna ce rebri. The

Fig. 12 .89  P lexus choro ideus  in th e  la te ra l v en tric les , V en tricu li ven tric le ) as w e ll as in th e  th ird  and th e  fo u rth  ve n tr ic le s  (no t show n),
la te ra les , and in th e  th ird  ven tric le , V en tricu lu s  te rtiu s ; sch e m a tic  In th e  P lexus choro ideus, capilla ry  b lood  and CSF space are separa ted
fro n ta l se c tion , (accord ing to  [2]) by a blood -C S F barrier.
The P lexus choro ideus  p roduces ce reb rosp ina l flu id  (CSF) and is 
p rese n t in th e  paired  latera l ve n tr ic le s  (le ft f ir s t  and r ig h t second  lateral
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Ventricles

Ventriculus lateralis, Cornu frontale 

Cavum septi pellucidi

Corpus callosum, Genu

Septum pellucidum
Nucleus caudatus, Caput

(Recessus triangularis) 

Commissura anterior 

Recessus supraopticus 

Recessus infundibuli

V. thalamostriata superior 

Taenia thalami 

Stria terminalis 

Taenia choroidea 

Nucleus caudatus, Cauda

Plexus choroideus 
ventriculi tertii

Tela choroidea ventriculi tertii

V. magna cerebri 

V. interna cerebri

Adhesio interthalamica* 

Thalamus

Nucleus caudatus, Corpus 

Sulcus hypothalamicus

Aqueductus mesencephali

Commissura posterior 

Recessus pinealis 

Commissura habenularum 

Glandula pinealis 

Recessus suprapinealis

Fornix, Columna

Foramen interventriculare

Fig. 12.90 Latera l ven tric les , V en tricu li la te ra les , a nd  th ird  
ven tric le , V en tricu lu s  te rtiu s ; su pe rio r v ie w ; parts  o f th e  cerebra l 
hem ispheres , th e  centra l p a rt o f th e  C orpus ca llosum  as w e ll as th e  
Forn ix and th e  P lexus choro id eu s  have been rem oved , th e  Tela 
choro idea  o f th e  th ird  ve n tric le  has been re flec te d .
T h e  m arg ins  o f th e  th ird  ven tric le  are:
•  roo f: Tela choro idea  and P lexus choro ideus
•  an te rio r w a ll: C olum nae  fo rn ic is , C om m issu ra  an te rio r, Lam ina te r

m ina lis , R ecessus triangu laris , and R ecessus supraop ticus

• lateral w a ll: Tha lam us, Stria m edu lla ris  tha lam i, S ulcus hypo tha lam i
cus, and H ypo tha lam us (wall)

•  p o s te rio r w a ll: C om m issu ra  habenu la rum , C om m issu ra  poste rio r, 
R ecessus suprap inea lis , and R ecessus p inealis

•  flo o r: R ecessus in fund ibu li

•  A d h es io  in te rtha lam ica  c u t in th e  m edian  plane

Organum

Fig. 12.91 C ircu m ven tricu lar o rgans , m edian  sag itta l sec tion . 
C ha rac te ris tic  fe a tu re s  o f th e  c ircu m ve n tr icu la r o rgans are s tro n g  vas
cu la risa tion , a m o d ifie d  epe n d ym e  (tanycy tes  w ith  tig h t junc tions), and 
th e  fo rm a tio n  o f a b lood-CSF barrie r instead  o f a b lood-bra in  barrier. 
C ircu m ve n tricu la r o rgans inc lude  th e  neu rohypophys is , th e  E m inen tia  
m ediana, th e  p ineal g land (G landula p inealis) as w e ll as th e  O rganum

va scu lo su m  lam inae te rm ina lis  and th e  O rganum  sub fo rn ica le  (both: 
regu la tion  o f b lood  v o lu m e  and b lood p ressu re , se c re tio n  o f horm o n e s  
like ang io tens in , so m a to s ta tin , inducing  fever), th e  O rganum  su bco m - 
m issura le  (p rese n t o n ly  in th e  fo e tu s  and n ew b o rn , se c re tio n  o f a g ly 
co pro te in -rich  p roduct), and th e  A rea pos tre m a  (tr igge rs  vo m iting ).

Plexus choroideus ventriculi tertii

Organum subcommissurale 

pinealis

Organum subfornicale 

vasculosum laminae terminalis

Neurohypophysis

Plexus choroideus ventriculi 

Area
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Clinics

Figs. 12.92a and b C o m p u te d  to m o g ra p h ic  (CT) cross-sections  
of th e  head . [23]
a CT scan o f a p a tie n t w ith  a ce reb rosp ina l flu id  b lock  caused  by  ob

s tru c tio n  in th e  cerebra l a qu e d u c t (A queductus  m esencepha li). The

cerebra l ve n tr ic le s  are g rea tly  en la rged  (hydrocepha lus) a t th e  ex
pense  o f th e  cerebra l parenchym a. The p a tie n t s h o w e d  m assive  
m e n ta l d isab ilitie s  and s ig n ifica n tly  im pa ired  gait, 

b CT scan o f a h ea lthy  person

Fig. 12.93 O cu lar fun dus . Fundus oculi; le ft side; an te rio r v ie w ; 
o ph th a lm o sco p ic  im age  o f th e  centra l area w ith  pap illoedem a caused 
by  increased intracran ia l p ressure .
The exam ina tion  o f th e  ocu la r fu n d u s  revea ls  a sw e llin g  o f th e  Papilla 
nerv i o p tic i resu lting  fro m  an in trave n tricu la r n eu rocy tom a  W H O  grade

II. A s  th e  N. o p ticu s  [II] is su rrounded  by  m e n in g es  and ce reb rosp ina l 
flu id , th e  o p tic  d isc  bu lges o u t in to  th e  bu lbus o f th e  eye.

*  c lin ica l te rm : o p tic  d isc  o r b lind  s p o t (d iscus =  Papilla nervi optic i)

P Clinical Rem arks--------------------------------------
The c ircu m ve n tr icu la r o rgans (-» Fig. 12.91) lack th e  b lood -b ra in  
b a rrie r and, thus , are capab le  o f m o n ito rin g  th e  p lasm a-b lood 
m ilie u . Th is  is n o t o n ly  o f pharm aco log ica l in te re s t. The  A rea p o s t
rem a co n ta in s  n um e ro u s  dop a m ine  and se ro to n in  re cep to rs . Dopa
m ine  and se ro to n in  an ta go n is ts  are e ffe c tiv e  a n ti-e m e tic  d rugs. In 
add ition , th e  ac tiva tion  o f ch e m o re c e p to rs  in th e  area o f th e  Area 
pos tre m a  p re se n ts  a p ro te c tive  m e cha n ism  fo r  th e  b ody  as e xem p li
fie d  by  th e  ce n tra lly  induced  v o m it in g  as a response  to  th e  ingestion  
o f spo iled  food . Th is  w ill rem ove  th e  m a jo r p a rt o f p o te n tia lly  harm fu l 
su bs ta nce s  fro m  th e  body.

The  im p a ire d  d ra in a g e  o f cerebrosp ina l flu id  (CSF) can be th e
re su lt o f tu m o u rs , d e fo rm itie s , b leed ings, o r o th e r causes and, due 
to  th e  increased  intracran ia l p ressu re , co inc ide  w ith  headaches, nau
sea, and o p tic  papilla p ro trus io n  (pap illoedem a) (-*  Fig. 12.93). A  
hydrocephalu s  in tern u s  (-► Fig. 12.92) is caused  by  th e  b lockage 
o f th e  inne r (in tracerebra l) subarachno id  space  w ith  accum u la tion  
o f CSF in th e  ve n tr ic le s , w h e re a s  accum u la tion  o f CSF in th e  o u te r 
subarachno id  space  is a ch ara c te ris tic  fe a tu re  o f H ydrocephalus  
externus . A  H yd ro ceph alus  e vacuo re su lts  fro m  an increase in 
ve n tricu la r size due  to  a ra re fica tion  o f brain m a tte r, as it o ccu rs  in 
A LZH E IM E R 'S  d isease.
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Arteries at the cranial base

Brain and Spinal Cord General -> M eninges and b lood supply

A. communicans anterior

Chiasma opticum 

A. frontobasalis lateralis

A. cerebri media,
Pars insularis 

[Segmentum M2]

A. vertebralis 

A. spinalis anterior

N. facialis [VII]

N. vestibulocochlearis [VIII]

Plexus choroideus 
ventriculi quarti

N. glossopharyngeus [IX]

N. vagus [X]

N. accessorius [XI]

A. inferior posterior cerebelli

A. cerebri media,
Pars sphenoidalis 
[Segmentum M1]

Insula [Lobus insularis]

A. choroidea anterior

Substantia perforata 
posterior

A. cerebri posterior,
Pars precommunicalis 

[Segmentum P1]
A. superior 

cerebelli

A. basilaris

N. abducens [VI]

N. hypoglossus [XII]

Bulbus olfactorius 

A. frontobasalis medialis 

Tractus olfactorius 

N. opticus [II]

A. carotis interna 

A. communicans posterior 

N. oculomotorius [III]

A. cerebri posterior,
Pars postcommunicalis [Segmentum P2]

A. superior cerebelli

N. trigeminus [V]

A. labyrinthi

A. cerebri anterior,
Pars precommunicalis 

[Segmentum A1]

Area subcallosa

A. inferior 
anterior cerebelli

Hemispherium cerebelli

Fig. 12 .94  A rte rie s  o f th e  b ra in ; in fe r io r v iew .
The  fig u re  d e m o n s tra te s  th e  loca tion  o f th e  a rte ries  a t th e  cranial base. 
The  Aa. ve rte b ra le s  co nve rg e  to  fo rm  th e  A. basilaris w h ic h  re leases 
th e  Aa. ce reb ri p os te rio re s  and b ranches fo r  th e  b ra ins tem , th e  C ere
be llum , and th e  inne r ear (so-called v erte b ra lis  tr ib u ta ry ). Sm all con 
n ecting  a rte ries  (Aa. c o m m u n ica n te s  poste rio res) p rov ide  th e  link be
tw e e n  th e  Aa. ce reb ri pos te rio re s  and th e  tw o  Aa. ca ro tides  in ternae. 
Each o f th e  la tte r co n tr ib u te s  one  A . ce reb ri m ed ia  and one  A . cerebri 
an te rio r w h ic h  co lle c tive ly  p rov ide  th e  m a jo r p a rt o f th e  b lood fo r  th e  
hem isp h ere s  (so-called caro tis  tr ib u ta ry ). The A . c o m m un ica ns  an te ri
o r co nn e c ts  bo th  Aa. ce reb ri an te rio res .
C lin ica lly , th e  Aa. ce reb ri an te rio r, m edia , and p o s te rio r are d iv ided  in to  
se g m e n ts . The  A1 se g m e n t (Pars p reco m m u n ica lis ) co rresp o n ds  to  th e  
p a rt o f th e  A . ce reb ri a n te rio r p rox im a l to  th e  A. co m m un ica ns  an te rio r

and th e  part d is ta l o f th e  A. c o m m un ica ns  a n te rio r is th e  A 2  se g m e n t 
(Pars in fracallosa). The  A 3  se g m e n t (Pars precallosa) describ e s  th e  part 
o f th e  A . ce reb ri an te rio r loca ted  in fro n t o f th e  C orpus ca llosum  and the  
part loca ted  on to p  o f th e  co rpus ca llosum  c o n s titu te s  th e  A 4  se g m e n t 
(Pars supracallosa). C lin ic ians ca ll th e  part o f th e  A. ce re 
bri an te rio r d is ta l to  th e  A . c o m m un ica ns  an te rio r th e  A. perica llosa . The 
A. ce reb ri m ed ia  is co m p o se d  o f th e  se g m e n ts  M1 (Pars spheno ida lis), 
M 2  (Pars insu laris), M 3  (Pars opercu laris), and M 4  (Pars te rm ina lis ). The 
A. ce reb ri p o s te rio r d iv ides  in to  fo u r  se g m e n ts : P1 (Pars p re co m m u n i
ca lis; p rox im a l to  th e  A . c o m m un ica ns  poste rio r), P2 (Pars p o s tc o m m u 
nica lis ; up to  th e  p o s te rio r rim  o f th e  b ra ins tem ), P3 (Pars quad rigem i- 
na; up to  th e  p o in t w h e re  th e  A. ce reb ri p o s te rio r e n te rs  th e  Fissura 
calcarina), and P4 (no Latin  te rm ; d iv is ion  in to  tw o  a rte ria l branches). 
S om e se g m e n ts  are v is ib le  in th e  figu re .

Clinical Remarks

O ne o f th e  m o s t fre q u e n t fo rm s  o f cerebra l ischem ia  in th e  ve r
te b ra lis  tr ib u ta ry  is ca lled  W ALLENBERG'S syn d ro m e  (dorso lateral 
m edu lla  ob longa ta  syndrom e). Caused by an occ lu d e d  o r large ly

b locked  A . in fe rio r p o s te rio r ce rebe lli, th e  s y m p to m s  inc lude  nys tag 
m us, d if f ic u ltie s  in equ ilib rium  and sw a llo w in g  (dysphagia), uncon
tro lla b le  s ing u ltu s , dysphon ia , and d izziness.
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Arteries at the cranial base, Circulus arteriosus

Brain -► Sections -► Cranial nerves -► Spinal cord

A. cerebri anterior
Pars postcommunicalis 

Pars precommunicalis

A. carotis interna, Pars cerebralis 

Pars sphenoidalis
A. cerebri media

Pars insularis

A. cerebri posterior

A. communicans posterior

Pars postcommunicalis

Pars precommunical

A. basilaris

A. vertebralis

A. spinalis anterior

A. communicans anterior

Aa. centrales anteromediales

Aa. centrales anterolaterales 

A. choroidea anterior 

R. chiasmaticus
R. nervi oculomotorii 
A. thalamotuberalis 

R. hypothalamicus 
Aa. tuberis cinerei 

A. superior cerebelli 

Aa. centrales posteromediales

Aa. mesencephalicae 

Aa. pontis

A. inferior anterior cerebelli

A. inferior posterior cerebelli

Fig. 12.95 A rte ria l c ircle o f th e  bra in , C irculus arteriosu s  cerebri 
(circle o f W ILLIS ); su pe rio r v iew .
The  Aa. c o m m u n ica n te s  p os te rio re s  on b o th  s ides  c o n n e c t th e  Aa. ce 
rebri pos te rio re s  w ith  th e  Partes ce reb ra les  o f th e  Aa. ca ro tides  in te r-

nae. In fro n t, th e  A. c o m m un ica ns  an te rio r co nn e c ts  th e  tw o  Aa. ce re 
bri an te rio res . Th is  gen e ra te s  a c losed  a rte ria l c irc le  w h ic h  p rov ides an 
a na s tom o s is  b e tw e e n  th e  tw o  Aa. ca ro tides  in te rnae  and th e  ve rte b ra 
lis tribu ta ry.

[- Clinical Rem arks--------------------------------------
O f all cerebra l aneurysm s, m o re  than  90%  o ccur a t th e  ce reb 
ral ve sse ls  th a t m ake  up th e  C ircu lus  a rte rio su s  ce reb ri (c irc le  o f 
W ILL IS ). The  A . c o m m un ica ns  an te rio r fo llo w e d  by th e  A. ca
ro tis  in te rna  are th e  m o s t fre q u e n tly  a ffe c te d  cerebra l vesse ls . 
M o s t ce rebra l ane u rysm s are th e  re su lt o f congen ita l d e fe c ts  
in th e  Tun ica  m ed ia  o f th e  vascu la r w a ll c lose  to  branch ing  
po in ts . O fte n , a n e u rysm s are assoc ia ted  w ith  o th e r d iseases,

such  as p o lycys tic  k idneys o r f ib ro m u s c u la r dysplasia. M o s t o f 
th e  ane u rysm s are a s y m p to m a tic . H o w e ve r, th e  aneurysm a l 
sac m ay  cause  a co m pre ss io n  o f ne ighbou ring  cranial nerves. 
C erebra l a n e u rysm s have a te n d e n cy  to  ru p tu re  and are th e  m o s t 
fre q u e n t cause  o f subarachno id  b leed ings. Upon rup tu re , im m ed ia te  
and s tro n g  headaches co m b in e d  w ith  v o m it in g  and changes in con
sc iou sn e ss  occur.
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Vessels and nerves at the cranial base

cribrosa

Hypophysis

Canalis opticus

Proc. ciinoideus anterior

V. ophthalmica superior 

N. lacrimalis

N. abducens [VI] 

N. nasociliaris

orbitalis superior

Foramen rotundum

Canalis nervi hypoglossi

vertebralis 
inferior posterior cerebelli

Pia mater cranialis 

Spatium subarachnoideum

Arachnoidea mater cranialis

Dura mater cranialis

Foramen magnum 

Sinus occipitalis

N. trochlearis [IV] 

N. frontalis Proc. ciinoideus posterior

N. oculomotorius [III]

A. carotis interna,
Pars cavernosa

N. maxillaris [V/2] 

A. communicans posterior
Plexus caroticus internus

A. cerebri posterior

Sulcus caroticus 

Foramen lacerum

A. cerebri anterior

Nn. olfactorii 
A. communicans anterior

Pars postcommunicalis 
Pars precommunicalis 

N. opticus [II]
A. carotis interna,

Pars cerebralis 
A. ophthalmica

A. cerebri media

N. mandibularis [V/3]

Sinus sigmoideus

Foramen ovale

partis petrosae 

Foramen spinosum 

Canalis caroticus 

A. superior cerebelli

Hiatus canalis nervi petrosi minoris 

Hiatus canalis nervi petrosi majoris

Porus acusticus internus

Foramen jugulare

Sulcus sinus sigmoidei

A. inferior anterior cerebelli

N. hypoglossus [XII]

Medulla oblongata

, . f  Pars precommunicalis A. cerebri J
posterior pgrs p0stc0mmunjca|js 

R.

A. meningea media

N. petrosus minor 

N. petrosus major 

A. basilaris 

A. labyrinthi 
N. facialis [VII] 

N. vestibulocochlearis [VIII] 
N. accessorius [XI] 

A. meningea posterior 
N. vagus [X] 

N. glossopharyngeus [IX]

Fig. 12.96 P assagew ays o f vessels and nerves th ro u g h  th e  
in tern a l surface o f th e  crania l base, Basis cranii in te rn a , and th e  
cerebra l a rte ria l c ircle, C ircu lus arteriosu s  cerebri (circle o f 
W ILLIS ); su pe rio r v iew .
From  a su pe rio r v ie w , th e  C ircu lus a rte riosus ce rebri p ro je c ts  o n to  th e  
Fossa hypophys ia lis . The  A . oph tha lm ica  b ranches o f f  th e  A. carotis  
in tern a  a t th e  C analis nerv i o p tic i and, to g e th e r w ith  th e  N. o p ticu s  [II],

e n te rs  th e  o rb it th ro u g h  th is  b ony  canal. The A . basilaris  runs on  to p  o f 
th e  c livus . The A. in ferio r a n te rio r cerebe lli d erives  fro m  th e  A. basi
laris and re leases th e  A . lab yrin th i w h ile  passing  th e  Porus a cus ticu s  
in te rn u s  o r e n te rin g  it in an S-shaped de tou r.
For an o v e rv ie w  o f th e  passagew ays th ro u g h  th e  in te rna l su rfa ce  o f the  
cranial base -» F igures 8 .16  and 8.17.
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Arteries of the brain

Corpus callosum, Rostrum

Canalis centralis

Medulla oblongata

Sulcus calcarinus

Commissura posterior

Aqueductus mesencephali 

Tectum mesencephali

Ventriculus quartus

Adhesio interthalamica 

Corpus callosum, Truncus 

Foramen interventriculare 

Septum pellucidum

Commissura anterior

A. cerebri anterior,
Pars postcommunicalis, 

A. pericallosa

Corpus callosum, Genu
Sulcus parietooccipitalis

Lamina terminalis 
A. communicans anterior

Hypothalamus 
Chiasma opticum 

A. carotis interna
Infundibulum 

Sulcus hypothalamicus
Hypophysis 

Corpus mamillare sinistrum 
Ventriculus tertius

A. basilaris 
Thalamus 

Pons 
A. vertebralis

Fornix, Corpus

Plexus choroideus ventriculi tertii 

Tela choroidea ventriculi tertii 

Sulcus centralis

Glandula pinealis

Corpus callosum, Splenium 

V. magna cerebri

A. cerebri posterior

Fig. 12.97 M e d ia l surface o f th e  bra in . Facies m ed ia lis  hem isphe- 
rii cerebri, d ien cep h alo n . D ien cep h a lo n , and b ra in s te m , Truncus  
encephali; s ta g g ere d  m edian  se c tion ; v ie w  fro m  th e  le f t s ide.
O nce th e  A. c o m m un ica ns  an te rio r has branched  o f f  th e  A. cerebri 
an te rio r, th e  Pars p os tco m m u n ica lis  (A. perica llosa) o f th e  la tte r pas
ses around th e  ro s tru m  and genu o f th e  C orpus ca llosum  and runs 
a longs ide  th e  upp e r su rfa ce  o f th e  C orpus ca llosum . Its e x te n s io n s

reach th e  Su lcus p a rie toocc ip ita lis . The A. ce reb ri a n te rio r supp lies  
b lood to  th e  m ed ia l area o f th e  fro n ta l and parie ta l lobes as w e ll as th e  
hem isphera l rim  and a sm a ll area a longs ide  th e re o f a t th e  cerebra l con
v e x ity  {-» p. 271).
The  A . cerebri p o ste rio r courses  to  th e  occ ip ita l lobe, th e  basal part o f 
th e  te m p o ra l lobe, th e  lo w e r p a rt o f th e  s tr ia tu m  (n o t v is ib le ), and to  th e  
Tha lam us.
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Brain and Spinal Cord

Arteries of the brain

General -> M eninges and b lood supply

Insula

A. frontobasalis lateralis

(A. triangularis)

R. temporalis anterior

A. cerebri media

Cerebellum

A. inferior posterior cerebelli

A. suici centralis

A. sulci precentralis

A. sulci postcentralis

A. parietal is posterior 

R. gyri angularis

R. temporalis medius

A. inferior anterior cerebelli

Fig. 12.98 B ranches o f th e  A . cerebri m ed ia  in th e  insu lar reg io n , •
and a t th e  o u te r cerebra l co rtex ; v ie w  fro m  th e  le f t s ide , (accord ing •
to  [2])
The  A . cerebri m ed ia  e n te rs  th e  Fossa la tera lis fro m  th e  latera l s ide 
and d iv ides  in to  fo u r  pa rts  {-*  Fig. 12.94): •

Pars sp heno ida lis  (no t v is ib le ; M 1)
Pars insu la ris  w ith  s h o rt b ranches fo r  th e  insu la r c o rte x  (M 2)
Pars opercu laris  fo r  th e  co rte x  o f th e  te m p o ra l lobe (A. fron tobasa lis  
la tera lis and Aa. te m p o ra le s ; M 3)
Rr. te rm in a le s  in fe rio re s  and supe rio res  (Pars te rm ina lis ; M 4) fo r  th e  
co rte x  in th e  area o f th e  S ulcus ce n tra lis  and th e  parie ta l lobe

i- Clinical Rem arks--------------------------------------
O cclus ion  o f th e  A . ce reb ri m edia  s h o rtly  a fte r b ranch ing  o ff  th e  A. 
ca ro tis  in te rna  due  to  a rte rio sc le ro s is  o r e m bo lu s  re su lts  in cerebral 
in farc tion  (ischaem ic  s troke ) w ith  severe  s y m p to m s . T hese  inc lude 
a contra la te ra l, p red o m ina n tly  b rach io fac ia l h em ip leg ia  w ith  w e a k 
ness and loss o f sensa tion  (hypaesthesia , local o r genera l decrease 
in to u ch  and p ressu re  sensa tion  o f th e  skin). If th e  d o m in a n t h e m i
sphe re  is a ffe c te d , add itiona l s y m p to m s  occur. These  inc lude  apha

sia (speech im pa irm ent), agraphia (inability  to  w r ite  w o rd s  o r te x t, 
d esp ite  ex is tin g  m o to r and in te lle c tu a l capab ilities), and a lexia (in
ab ility  to  read). In p a tie n ts  w ith  high b lood p ressu re  (hypertension ), 
changes in th e  w all o f cerebral vessels can cause a vascular rupture and 
bleeding in to  th e  cerebra l parenchym a  (up to  th e  e x te n t o f a m ass ive  
b leed ing ). The  basal ganglia  are p a rticu la rly  p rone  to  th is  scenario .
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Brain -► Sections -> Cranial nerves -► Spinal cord

Arteries of the brains

A. cerebri media

Area supplied by the A. cerebri anterior Area supplied by the A. cerebri media Area supplied by the A. cerebri posterior

Fig. 12 .99  A rte rie s  o f th e  r ig h t h em isphere  o f th e  bra in; v ie w  
fro m  th e  le f t s ide .
The A. cerebri a n te rio r supp lies  th e  m ed ia l s ide  o f th e  fro n ta l and pa
rieta l lobes e x te n d in g  past th e  hem isphera l rim  and up to  th e  S ulcus 
p a rie toocc ip ita lis . The occ ip ita l lobe and th e  base o f th e  te m p o ra l lobe 
rece ive  th e ir  b lood  supp ly  fro m  th e  A. cerebri posterior.

Fig. 12 .100  A rte rie s  o f th e  le ft hem is p h e re  o f th e  bra in; v ie w  
fro m  th e  le ft side.
The A . cerebri a n te rio r supp lies  b lood  to  an area o f th e  fro n ta l and 
parie ta l cerebra l co rte x  e x te n d in g  app ro x im a te ly  1 cm  p as t th e  h e m i
sphera l rim  o n to  th e  co rte x  co nve x ity . The  A . cerebri p o ste rio r sup 
p lies b lood  to  th e  occ ip ita l po le  and th e  in fe rio r rim  o f th e  te m p o ra l 
lobe. The  rem ain ing  o u te r co rtica l area rece ives  b lood  fro m  th e  A . cere
bri m ed ia . The area o f th e  Gyri p rece n tra lis  and p os tce n tra lis  rece ives 
b lood via bo th  th e  A. ce reb ri an te rio r and th e  A . ce reb ri m edia.

A. cerebri anterior A. cerebri posterior

cerebri anterior

A. cerebri media

Fig. 12.101 A rte rie s  in th e  reg ion  o f th e  G yrus precen tra lis  and  
th e ir  tr ib u ta ry  in re la tio n  to  th e  h o m u ncu lu s  o f th e  p rim a ry  
m o to r  cortex .
The A. cerebri a n te rio r supp lies  b lood  to  th e  co rte x  o f th e  G yrus pre
ce n tra lis  up  to  a p p ro x im a te ly  1 cm  p as t th e  hem isphera l rim  o n to  the

co rtica l convex ity . It supp lies  th o se  p recen tra l co rtica l areas repres
e n tin g  th e  lo w e r e x tre m ity , th e  pe lv is , and th e  th o ra x  as d ep ic te d  by 
th e  h om uncu lus . The  A . cerebri m ed ia  supp lies  th e  rep resen ta tiona l 
co rte x  areas rep re se n ting  th e  upper e x tre m ity  and th e  e n tire  head.

Clinical Remarks
D ue to  th e  b lood supp ly  o f th e  pa rticu la r co rtica l area in th e  G yrus 
p recen tra lis , a b lockage o f th e  A. ce reb ri an te rio r resu lts  in p a ra ly 
ses p re d o m in a n tly  o f th e  lo w e r  e x tre m itie s ; an im pa ired  p e rfu 
s ion  by  th e  A . ce reb ri m edia  causes p re d o m in a n tly  b rach io facia l

paralyses. The s y m p to m s  o f th e  p a tie n t ( lo w e r e x tre m ity  o r bra
ch io fac ia l para lysis) can ind ica te  th e  a ffe c te d  cerebra l b lood  vesse l.



12 Brain and Spinal Cord General -> M eninges and b lood supply

Arteries and veins of the brain

A. choroidea anterior
V. interna cerebri

Plexus choroideus

A. cerebri media

Capsula interna

A. cerebri posterior

Sinus sagittalis inferior

Ventriculus lateralis, Cornu frontale

V. anterior septi pellucidi

Lamina affixa

V. thalamostriata superior

R. choroideus posterior

Tela choroidea 
ventriculi tertii

Glomus choroideum
V. magna cerebri

Tentorium cerebelli
Falx cerebri 

Sinus sagittalis superior

A. frontobasalis medialis

A. cerebri anterior

Fig. 12.102 A rte ries  and veins o f th e  bra in , A a. und V v . cerebri;
su pe rio r v iew .
Upon rem ova l o f th e  parie ta l parts  o f th e  brain  th e  o th e rw is e  h idden 
courses  o f th e  Aa. ce reb ri an te rio r, m edia, and p o s te rio r beco m e  v is ib le  
on th e  le ft s ide o f th e  body. The A . choro idea  a n te rio r d e rives  fro m  th e  
A . ce reb ri m edia  and supp lies  th e  P lexus choro id eu s  o f th e  latera l ven 
tric le . The  A . choro idea  a n te rio r c o n tin u e s  as a R. choro id eu s  p os te rio r 
w h ic h  e x te n ds  in to  th e  tip  o f th e  P lexus choro id eu s  o f  th e  Cornu fron - 
ta le  in th e  latera l ven tric le .

O n th e  r ig h t s ide o f th e  bo dy  at th e  flo o r  o f th e  Cornu fro n ta le  o f th e  
latera l ve n tric le  lies th e  V. a n te rio r se p ti pe lluc id i and fu r th e r  p os te rio r 
th e  V. th a la m o s tria ta  supe rio r. B oth  drain  b lood  in to  th e  V. in terna  ce re 
bri w h ic h  dra ins in to  th e  V. m agna ce rebri (vein o f GALEN). Th is  g roup  
o f ve ins  dra ins th e  ve no u s  b lood  fro m  th e  ve n tr icu la r sys te m , th e  basal 
ganglia, and th e  in terna l capsule.
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Brain -► Sections -> Cranial nerves -► Spinal cord

Veins of the brain

V. thalamostriata superior

Thalamus

Vv. internae cerebri

V. lateralis ventriculi 
lateralis

V. anterior septi pellucidi

V. choroidea superior

V. basalis

V. magna cerebri

Foramen interventriculare

Fig. 12.103 D eep veins o f th e  bra in , Vv. p ro fu ndae  cerebri;
supe rio r v iew .
The Vv. in te rnae  ce reb ri run in th e  Tela choro idea  ve n tricu li te r tii. The 
ve ins  o f th e  ve n tr icu la r sy s te m , th e  basal ganglia , and th e  in te rna l cap-

su le  be long to  th e  deep  ve ins  o f th e  brain. The  b lood  fro m  th e se  s tru c 
tu re s  is d ra ined th ro u g h  th e  Vv. th a la m o s tria ta e  su pe rio res  in to  th e  
Vv. ce reb ri in te rnae  and fro m  here  in to  th e  V. m agna ce rebri (vein o f 
GALEN).

V. magna

Fig. 12.104 D eep  veins o f th e  bra in , Vv. p ro fu ndae  cerebri;
p o s te rio r v ie w  fro m  th e  righ t s ide.
A fte r rem oval o f th e  Cerebellum , the  basal ve ins drain ing th e  R hom b
encepha lon , M esen ce p ha lo n , and Insula beco m e  v is ib le . L ike th e  Vv.

in te rnae  ce rebri, th e  ve no u s  b lood  ve sse ls  o f th is  reg ion , th e  paired  V. 
m edia  p ro funda  ce reb ri and th e  V. basalis (ROSENTHAL'S  ve in ), drain 
in to  th e  V. m agna ce reb ri (vein o f GALEN).

cerebri

V. basalis

media profunda cerebri

N. trigeminus [V]

choroidea inferior

internae cerebri

Pulvinar thalami
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Brain and Spinal Cord General -> M eninges and b lood supply

Brain, MRI

Infundibulum

Tegmentum mesencephali

Ventriculus lateralis, 
Cornu temporale Cisterna interpeduncularis

Hippocampus Pedunculus cerebri

Vermis cerebelli
Aqueductus mesencephali

Sulcus calcarinus Tectum mesencephali

N. opticus [II]

Chiasma opticum

Cellulae ethmoidales12.106
12.107
12.105

Bulbus oculi

Fig. 12.105 B rain , Encephalon; m a gn e tic  resonance  to m o g ra p h ic  
im age  (M RI); horizon ta l se c tion  a t th e  leve l o f th e  M e sencepha lon  and 
th e  te m p o ra l horns o f th e  latera l v e n tr ic le ; su pe rio r v iew .

The C hiasm a o p ticu m  and th e  Peduncu li ce reb ri o f th e  M esencepha lon  
are  v is ib le . In add ition , th e  ce rebe lla r v e rm is  (Verm is cerebe lli) appears 
in th is  se c tiona l p lane. The Su lcus ca lca rinus is d isce rn ib le  in th e  occ ip i
ta l lobe.

Fissura longitudinalis 
cerebri

Ventriculus lateralis, 
Cornu frontale

Nucleus caudatus, Caput

pellucidum 

Fornix, Columna

Insula [Lobus insularis] 

Ventriculus tertius

Thalamus

Fornix, Crus

Ventriculus lateralis, 
Cornu occipitale

Fissura longitudinalis 
cerebri

Fig. 12 .106  B rain , E ncephalon; m a gn e tic  resonance  to m o g ra p h ic  
im age  (M RI); horizon ta l se c tion  a t th e  leve l o f th e  centra l pa rts  o f th e  
latera l ve n tr ic le s ; su pe rio r v iew .
V is ib le  are th e  Cornua fro n ta le  and occ ip ita le , th e  S ep tu m  pe lluc idum , 
and th e  crus o f fo rn ix . The  le f t s ide  o f th e  im age  a lso s h o w s  th e  Lobus 
insularis.

Fig. 12.107 B rain , E ncephalon; m a gn e tic  resonance  to m o g ra p h ic  
im age  (M RI); horizon ta l se c tion  a t th e  leve l o f th e  th ird  ve n tric le  and 
th e  te m p o ra l horns o f th e  latera l ve n tric le s ; su pe rio r v iew .
In add ition  to  th e  Lobu li insu la res  and th e  s tru c tu re s  s h o w n  in -» F igure 
12 .106, th e  T ha lam us and th e  co lu m n  o f th e  fo rn ix  are v is ib le .
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Brain -» Sections -> Cranial nerves -► Spinal cord

Brain, MRI

Medulla spinalis

Gyrus cinguli

Commissura anterior 

Corpus callosum, Genu 

Corpus mamillare 

Chiasma opticum 

Hypophysis 

Sinus sphenoidalis 

A. basilaris 

Pons

Pars nasalis pharyngis 

Lingua

Septum pellucidum* Fornix*
Ventriculus tertius; Thalamus*

Corpus callosum, Splenium

Aqueductus mesencephali

Tectum mesencephali 

Sulcus calcarinus 

Vermis cerebelli

Ventriculus quartus

Medulla oblongata 

Cisterna cerebellomedullaris

Pars oralis pharyngis
pharyngis

Dens axis

Fig. 12 .108  B rain , E ncephalon; m a gn e tic  resonance  to m o g ra p h ic  
im age  (M RI); m edian  se c tion .
This M R I scan c lea rly  de lin ea te s  all brain s tru c tu re s , fo r  exam p le  the  
G yrus c ingu li, S ep tu m  p e lluc idum , V e n tr icu lu s  te rtiu s , Tha lam us, A q u e 

d u c tu s  m esencepha li, C orpus m am illa re , H ypo tha lam us, H ypophysis , 
M esen ce p ha lo n , Pons, C erebe llum , and M edu lla  ob longa ta .
The  s tru c tu re s  m arked  w ith  a s ta r (*) appear p a rtly  fa ls if ie d  as a conse 
quence  o f th e  "pa rtia l v o lu m e  e ffe c t" .

Insula [Lobus insularis]

Bulbus oculi

Sinus maxillaris

The  sag itta l se c tion  inc ludes th e  C erebe llum  and th e  Su lcus centra lis . A  
sm a ll part o f th e  C ornu te m p o ra le  o f th e  latera l ve n tric le  a lso lies w ith in  
th is  sec tiona l plane.

Fig. 12 .109  B rain , E ncephalon; m a gn e tic  resonance  to m o g ra p h ic  
im age  (M RI); sag itta l se c tion  a t th e  leve l o f th e  M e sencepha lon  and 
th e  te m p o ra l horns o f th e  latera l ve n tr ic le ; v ie w  fro m  th e  le f t s ide.

Ventriculus lateralis, Cornu temporale

Cerebellum

Sulcus centralis

12.108
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Brain and Spinal Cord

Brain, MRI

General -> M eninges and b lood supply

Gyrus

Gyrus frontalis medius

Gyrus frontalis inferior

Gyri insulae

Fossa lateralis cerebri

Gyrus temporalis superior

Gyrus temporalis inferior

Spatium subarachnoideum 

Corpus callosum, Truncus

Ventriculus lateralis,
Cornu frontale

Caput nuclei caudati

Septum pellucidum

Nucleus lentiformis 

Capsula interna 

A. cerebri media

Fig. 12.110 B rain , E ncephalon; m a gn e tic  resonance  to m o g ra p h ic  
im age (M RI); fro n ta l se c tion  a t th e  leve l o f th e  a n te rio r part o f th e  th ird  
ven tric le ; an te rio r v iew .
On th e  righ t s ide , th e  co u rse  o f th e  A . ce reb ri m edia  p ro je c tin g  to w a rd s

th e  Su lcus la te ra lis  is v is ib le . On b o th  s ides , th e  large gyri o f th e  Lobus 
fro n ta lis  and Lobus te m p o ra lis  are s h o w n . A m o n g  th e  basal ganglia, 
th is  im ag ing  te ch n iq u e  a llo w s  th e  N uc leus caudatus, th e  Capsula in te r
na, and th e  N uc leus le n tifo rm is  to  be d is tin g u ish e d .

Falx cerebri

Corpus callosum, Truncus

Ventriculus lateralis,
Pars centralis

Corpus nuclei caudati

Fornix

Thalamus

Ventriculus tertius

Ventriculus lateralis, 
Cornu temporale

Hippocampus

Pedunculus cerebri 

Fossa interpeduncularis

Gyrus frontalis superior

Gyrus frontalis medius

Gyrus frontalis inferior

Gyrus temporalis superior

Gyrus temporalis inferior

Gyrus parahippocampalis

Fig. 12.111 B rain , E ncephalon; m a gn e tic  resonance  to m o g ra p h ic  
im age (M R I); fro n ta l se c tion  at th e  leve l o f th e  Tha lam us; an te rio r 
v iew .

Th is  im age  s h o w s  th e  C ornu te m p o ra le  o f th e  latera l ve n tr ic le s  and th e  
H ippocam pus. Fu rthe r crania l, th e  Pars ce n tra lis  o f th e  latera l ve n tric le  
is im aged . In th e  m id line  fro m  cranial to  caudal, th e  T runcus co rpo ris  
ca llosi, th e  Forn ix, th e  V e n tr icu lu s  te rtiu s , th e  Fossa in te rpeduncu la ris  
o f th e  b ra ins tem , and th e  Pons can be d is tingu ished .
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Brain -» Sections -> Cranial nerves -► Spinal cord

Brain, frontal sections

V. anterior septi pellucidi 

Nucleus caudatus, Caput

Putamen 

Fossa lateralis cerebri

Gyri insulae

Polus temporalis

Gyri orbitales 

Gyrus temporalis inferior

Tractus olfactorius

Capsula interna

Capsula externa

Capsula extrema

V. media superficialis cerebri

A. cerebri media

Cisterna pericallosa

Area subcallosa

A. cerebri anterior,
Pars postcommunicalis

Margo inferolateralis

Margo inferomedialis

Margo superior

A. callosomarginalis

A. cerebri anterior, A. pericallosa 

Corpus callosum, Truncus 

Septum pellucidum

Ventriculus lateralis,
Cornu frontale

Radiatio corporis callosi 

Corpus callosum, Rostrum

Gyrus frontalis superior 
Fissura longitudinalis cerebri 

Sulcus cinguli 
Gyrus cinguli 

Gyrus frontalis medius

Sulcus corporis callosi

Arachnoidea mater cranialis

Gyrus frontalis inferior

Fig. 12 .112  B rain , E ncephalon; fro n ta l se c tion  a t th e  leve l o f th e  V is ib le  are th e  tw o  V en tricu li la tera les, above th e m  th e  C orpus callo-
an te rio r pa rts  o f th e  fro n ta l ho rns  o f th e  latera l ve n tr ic le s ; p o s te rio r sum , and latera l to  th e m  th e  N ucleus cauda tus  and th e  Putam en.

Gyrus frontalis superior 

Fissura longitudinalis cerebri 
Sulcus cinguli 

Gyrus cinguli

Gyrus frontalis medius

Sulcus corporis callosi

Nucleus caudatus, Caput

Gyrus frontalis inferior

Putamen 

Sulcus circularis insulae 
Sulcus lateralis cerebri

Claustrum 
Gyri insulae

Gyrus temporalis superior

Cisterna fossae lateralis cerebri

Gyrus paraterminal is

Gyrus temporalis inferior

Cisterna pericallosa; 
Cisterna laminae terminalis

Margo superior
A. pericallosa

Cisterna pericallosa

Corpus callosum, Truncus

Radiatio corporis callosi 

Septum pellucidum 

Ventriculus lateralis, Cornu frontale 

Capsula interna, Crus anterius

Capsula externa

Corpus callosum, Rostrum

Capsula extrema 
V. media superficialis cerebri

A. cerebri media, Pars insularis

A. communicans anterior

Margo inferolateralis 
A. cerebri anterior, Pars precommunicalis

Margo inferomedialis

Fig. 12.113 B rain , E ncephalon; fro n ta l se c tion  a t th e  leve l o f th e  
p o s te rio r parts  o f th e  fro n ta l horns o f th e  latera l ve n tric le s ; p os te rio r 
v iew .

A b o ve  th e  V e n tricu li la tera les th e  T ru n cus  o f th e  C orpus ca llosum  is 
d isce rn ib le , latera l to  th e  V e n tricu li la tera les lies th e  ca pu t o f th e  N u
c leus  cauda tus  and th e  P u tam en, and b e tw e e n  th e m  th e  C rus an te rius 
o f th e  Capsula in te rna  is v is ib le .
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Brain and Spinal Cord

Brain, frontal sections

General -> M eninges and b lood supply

Gyrus frontalis superior 
Gyrus cinguli 

Gyrus frontalis medius 
Fornix, Corpus

Nucleus caudatus, Caput 

Putamen 

Globus pallidus lateralis 

Gyrus frontalis inferior 

Claustrum

Cisterna fossae lateralis cerebri 

Gyrus temporalis superior

Gyri insulae 

Globus pallidus medialis 

Cisterna fossae lateralis cerebri 

Gyrus temporalis medius 

Nucleus caudatus, Cauda 

Corpus amygdaloideum 

Gyrus temporalis inferior

Fissura longitudinalis cerebri

A. pericallosa

Corpus callosum, Truncus

Ventriculus lateralis,
Cornu frontale

Septum pellucidum

Capsula interna, Genu

(Recessus triangularis)

Capsula externa 

Capsula extrema

Laminae medulläres 
medialis et lateralis

Gyri occipitotemporales

Gyrus parahippocampalis

' Chiasma 
opticum 
Hypophysis 

1 Hypothalamus 
'A. communicans posterior

Fornix, Columna, (Pars libera) 

Fornix, Columna, (Pars tecta) 

Commissura anterior

Tractus opticus 
Ventriculus lateralis, Cornu temporale

Lamina terminalis 
Recessus supraopticus

Fig. 12 .114  B rain , E ncephalon; fro n ta l se c tion  a t th e  leve l o f th e  
Foram ina in te rven tricu la ria ; p o s te rio r v iew .
The  p itu ita ry  g land is s e c tion e d  in th e  cen tre . In fe rio r to  th e  V en tricu li

la tera les th e  C apu t o f th e  N uc leus cauda tus, th e  Capsula in terna, th e  
G lobus pa llidus, th e  P u tam en, th e  C laustrum , and som e  Gyri insulae 
are v is ib le .

Gyrus frontalis superior 
Fissura longitudinalis cerebri 

Gyrus cinguli

Gyrus frontalis medius 
Fornix, Corpus 

Nucleus caudatus, Corpus

Stria terminalis

Putamen

Gyrus frontalis inferior

Gyri insulae

Claustrum 

Gyrus temporalis superior 

Globus pallidus lateralis 

Globus pallidus medialis 

Gyrus temporalis medius 

Nucleus caudatus, Cauda 
Corpus amygdaloideum 

Gyrus temporalis inferior

Hippocampus 

Gyrus occipitotemporalis lateralis

Thalamus 
Gyrus occipitotemporalis medialis

Gyrus parahippocampalis

Plexus choroideus ventriculi lateralis

Tela choroidea ventriculi tertii

Plexus choroideus ventriculi tertii

Stria medullaris thalami 

Capsula extrema 

Ventriculus tertius

Capsula externa

Laminae medullares 
medialis et lateralis 
Capsula interna 

opticus 

Corpus mamillare

A. cerebri posterior, 
Pars precommunicalis 

lateralis, 
Cornu temporale 

N. oculomotorius [III]

Cisterna interpeduncularis 

Cisterna pontocerebellaris, (Cisterna pontis)

A. basilaris

pericallosa
Corpus callosum, Truncus 

Septum pellucidum

lateralis, Pars centralis

Fig. 12.115 B rain , Encephalon; fro n ta l se c tion  a t th e  leve l o f th e  
C orpora  m am illa ria ; p o s te rio r v iew .
A t  th e  leve l o f th e  Corpora m am illa ria , th e  lum e n  o f th e  th ird  v e n tr ic le  is

loca ted  b e lo w  th e  V e n tricu li la tera les. Lateral th e re o f fro m  ins ide  to  
o u ts id e  lie th e  Tha lam us, Capsula in te rna , G lobus pa llidus, P u tam en, 
Capsula ex te rna, C laustrum , Capsula e x tre m a, and Gyri insu lae.
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Brain, frontal sections
Gyrus frontalis superior 

Fissura longitudinalis cerebri

Gyrus frontalis medius

Gyrus cinguli 

Cisterna pericallosa 
Nucleus caudatus, Corpus 

V. thalamostriata superior 
Tela choroidea

Thalamus

Gyrus frontalis inferior

Putamen

Lamina affixa

Sulcus lateralis
Insula [Lobus insularis] 

Gyrus temporalis superior 
Claustrum

Gyrus temporalis medius 
Corpus geniculatum laterale 

Nucleus caudatus, Cauda 
Corpus geniculatum mediale 

Ventriculus lateralis,
Cornu temporale 

Gyrus temporalis inferior
Nucleus ruber 

Gyrus occipitotemporalis lateralis
Gyrus occipitotemporalis medialis

Gyrus parahippocampalis
Ventriculus tertius

griseum, 
longitudinales medialis et lateralis

Corpus callosum, Truncus

lateralis, 
Pars centralis

Plexus choroideus 
ventriculi lateralis

Stria terminalis

Fornix, Crus

interna cerebri 
Plexus choroideus 
Stria medullaris thalami

Capsula extrema 
Capsula externa 
Capsula interna

Sulcus hypothalamicus

Plexus choroideus 
ventriculi lateralis 

hippocampi 
Fimbria hippocampi 

Gyrus dentatus 
A. cerebri posterior 

Cisterna ambiens 
cerebellorubralis) 

pyramidalis
Pons 

Medulla oblongata

Fig. 12 .116  B rain , E ncephalon; fro n ta l se c tion  a t th e  leve l o f the  
centra l p a rt o f th e  th ird  ve n tr ic le ; p o s te rio r v iew .
A t th is  leve l, th e  righ t and le f t T ha lam us are  o fte n  c ro ss -con n e c te d  by

th e  A d h es io  in te rtha lam ica . In fe rio r to  th e  T ha lam us th e  N uc leus ruber 
is v is ib le . The Pons and th e  T rac tus  pyram ida lis  p re s e n t p ro m in e n tly  in 
th e  b ra ins tem .

Fig. 12.117 B rain , E ncephalon; fro n ta l se c tion  a t th e  leve l o f th e  and fu r th e r  caudal th e  occ ip ita l p a rt o f th e  H ippocam pus is s h o w n . The
p o s te rio r w a ll o f  th e  th ird  ve n tr ic le ; p o s te rio r v iew . b ra ins tem  has been s e c tion e d  a t th e  leve l o f th e  A q u e d u c tu s  m esence -
In fe rio r to  th e  V e n tricu li la tera les a n u m b e r o f th a la m ic  nucle i are v is ib le  phali.

Thalamus 

Gyrus temporalis superior 

Putamen 

Gyrus temporalis medius 

Nucleus caudatus, Cauda 

Gyrus temporalis inferior 

Gyrus occipitotemporalis lateralis

Gyrus occipitotemporalis medialis

Gyrus parahippocampalis

Cerebellum

Plexus choroideus ventriculi tertii

Capsula interna 

Capsula extrema 

Tegmentum mesencephali

Plexus choroideus ventriculi lateralis

hippocampi 

Fimbria hippocampi
lateralis, Cornu temporale

Gyrus precentralis

Gyrus cinguli 

Cisterna pericallosa

Gyrus postcentralis

V. thalamostriata superior 

Gyrus postcentralis 

Nucleus caudatus, Corpus 

Cisterna fossae lateralis cerebri

Indusium griseum,
Striae longitudinales medialis et lateralis

terminalis 

affixa

Tela choroidea ventriculi tertii

Cisterna ambiens 
cerebri posterior

tertius

Pedunculus cerebellaris medius

Aqueductus mesencephali 

Funiculus posterior

Corpus callosum, Truncus
Ventriculus lateralis, 
Pars centralis

Plexus choroideus 
ventriculi lateralis
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Brain, frontal sections

General -> M eninges and b lood supply

Gyrus postcentralis

Lobulus parietaiis inferior 

Gyrus cinguli

Gyrus supramarginalis

A. cerebri media 
Cisterna fossae lateralis cerebri

Nucleus caudatus, Cauda

Gyrus temporalis superior

Cisterna pericallosa Corpus callosum, Splenium

Fissura longitudinalis cerebri 

A. pericallosa

Ventriculus lateralis, Pars centralis

Plexus choroideus ventriculi 
lateralis

Fornix, Crus

V. thalamostriata superior

Capsula interna 

Tela choroidea

Pulvinar thalami

Gyrus temporalis medius

Cisterna ambiens 
Colliculus superior 

Gyrus temporalis inferior 
Gyrus parahippocampalis 

Gyrus occipitotemporalis lateralis
Gyrus occipitotemporalis medialis

Hemispherium cerebelli
Colliculus inferior

Flocculus 
Vermis cerebelli

Oliva

Fimbria hippocampi

Pedunculus cerebellaris medius

Pedunculus cerebellaris superior

Velum medulläre superius 
Ventriculus quartus

Alveus hippocampi

Plexus choroideus 
ventriculi lateralis
Gyrus dentatus

Ventriculus lateralis, 
Cornu temporale

V. interna cerebri
Glandula pinealis

Fig. 12.118 B rain , E ncephalon; fro n ta l se c tion  a t th e  leve l o f th e  
p ineal g land and th e  fo u rth  v e n tr ic le ; p o s te rio r v iew .
The  S p len ium  o f th e  C orpus ca llosum  and th e  G landula p inea lis  are 
d isp layed  in th e  ce n tre  o f th e  im age . Lateral th e re o f th e  C ollicu li supe-

rio res and th e  Pulvinar tha lam i are s h o w n . The  Peduncu li ce rebe lla res  
supe rio res  are v is ib le  in th e  latera l b ra in s te m  s lig h tly  above th e  V e n tri
cu lus  quartus.

Lobulus parietaiis superior 

R. precunealis 

Sulcus subparietalis 

Lobulus parietaiis inferior 

Precuneus 

Sulcus parietooccipitalis

Gyrus angularis 

Sulcus temporalis superior

Calcar avis 

Gyrus temporalis medius

Sulcus calcarinus 

Gyrus temporalis inferior 

Gyrus occipitotemporalis lateralis

Gyrus occipitotemporalis medialis 

Gyrus lingualis 

Hemispherium cerebelli

Substantia grisea

Substantia alba

Cisterna quadrigeminalis

Corpus callosum, Tapetum

Ventriculus lateralis, 
Cornu occipitale

A. occipitalis medialis

V. magna cerebri

Vermis cerebelli

Nucleus dentatus

Tonsilla cerebelli

Fig. 12.119 B rain , Encephalon; fro n ta l se c tion  a t th e  leve l o f th e  The N uc leus d en ta tu s  and large parts  o f th e  V e rm is  ce reb e lli are dis- 
occ ip ita l horns o f th e  lateral ve n tr ic le s ; p o s te rio r v ie w . ce rn ib le  in th e  C erebe llum .
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Brain -» Sections -> Cranial nerves -► Spinal cord

Brain, horizontal sections

Arachnoidea mater cranialis

A. occipitalis medialis, Rr. parietales

A. cerebri anterior, A. pericallosa

Corona radiata;
Radiatio corporis callosi

A. cerebri anterior, 
R. precunealis

A. cerebri anterior,
R. frontalis posteromedialis

Gyrus cinguli

Fissura longitudinalis cerebri

Gyrus frontalis superior

Gyrus precentralis

Sulcus centralis

Gyrus supramarginalis

Sulcus lateralis, 
Ramus posterior

Fig. 12 .120  B rain , E ncephalon; horizonta l se c tion  ju s t above  th e  
C orpus ca llosum ; su pe rio r v iew .
The brain has been s e c tion e d  im m e d ia te ly  above  th e  C orpus ca llosum . 
A t th is  leve l, th e re  are  s till no  nucle i v is ib le . In th e  broad band o f w h ite  
m a tte r, fib re s  p ro jec ting  fro m  th e  T ha lam us to  th e  C o rtex  (Corona ra

diata) m ix  w ith  co m m issu ra l fib re s  o f th e  C orpus ca llosum  co nn e c tin g  
th e  tw o  h e m isp h e re s  (Radiatio  co rpo ris  ca llosi). In add ition , fib re  tra c ts  
conve rg ing  on  th e  Capsula in terna c o n tr ib u te  to  th e  w h ite  m a tte r 
(-» Figs. 12 .74  to  12.76). A ge -re la ted  a tro p hy  o f th e  brain m akes th e  
subarachno id  space  appear w id e r  (-» Figs. 12.121 to  12.130).

dissect i on l ink  281



12 Brain and Spinal Cord General -> M eninges and b lood supply

Brain, horizontal sections

Gyrus frontalis superior 

Sulcus cinguli 

Gyrus cinguli

Corpus callosum, Forceps minor

Fissura longitudinalis cerebri

Fissura longitudinalis cerebri
A. cerebri anterior, A. callosomarginalis 

A. pericallosa

Corpus callosum, Truncus

Nucleus caudatus, Corpus

Gyrus angularis

Gyrus cinguli

(Gyri occipitales)

Ventriculus lateralis, Cornu frontale

Septum pellucidum,
Cavum septi pellucidi

Capsula interna

Ventriculus lateralis, Pars centralis

V. thalamostriata superior

Stria terminalis 

Corpus callosum,Truncus

Lamina affixa

Plexus choroideus 
ventriculi lateralis

Fornix, Crus

Corpus callosum, Forceps major

Corpus callosum, Tapetum

Sulcus subparietalis 

Precuneus 

Sulcus parietooccipitalis

Nucleus caudatus, Caput

Gyrus precentralis

Sulcus centralis 

Gyrus postcentralis

Lobulus parietalis inferior

Fig. 12.121 B rain , Encephalon; horizonta l se c tion  a t th e  leve l o f th e  
centra l p a rt o f th e  latera l ve n tr ic le s ; su pe rio r v iew .
The  S ep tu m  p e lluc idum  e x te n ds  b e tw e e n  th e  b ody  and fo rn ix  (no t v is i
b le) o f th e  C orpus ca llosum  and separa tes  th e  V e n tricu li latera les.

Lateral to  th e  V e n tricu li la tera les, th e  head and b ody  o f th e  N ucleus 
cauda tus are se c tion e d . The  C apsula in te rna  is loca ted  latera l to  th e  
nucleus.
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Fissura longitudinalis cerebri 

Gyrus cinguli 

Gyrus frontalis medius

Cisterna pericallosa

Aa. cerebri anteriores, Aa. pericallosae 

Indusium griseum

Corpus callosum, Genu

Ventriculus lateralis, Cornu frontale 

Septum pellucidum

Ventriculus lateralis, Pars centralis

Tela choroidea

Fissura transversa cerebri

(Gyri occipitales)

Sulcus lunatus

Fissura longitudinalis cerebri

Plexus choroideus ventriculi 
lateralis

Stria terminalis 
V. thalamostriata superior

Fornix, Corpus 

Capsula extrema 

Capsula externa 

Capsula interna 

A. cerebri media, Rr. terminates

Plexus choroideus ventriculi 
lateralis

Fornix, Crus

Sulcus parietooccipitalis 

Cuneus

Gyrus frontalis inferior

Nucleus caudatus, Caput

Fornix, Columna

Gyrus precentralis

Sulcus centralis

Gyrus postcentralis

Insula [Lobus insularis]

Claustrum -

Putamen

Thalamus

Cisterna fossae 
lateralis cerebri

Gyrus temporalis superior

Nucleus caudatus, Cauda 

Corpus callosum, Splenium

Sulcus temporalis superior
Ventriculus lateralis, 
Bulbus cornus occipitalis

Corpus callosum, Tapetum

Gyrus cinguli

Sulcus subparietalis

Precuneus

Fig. 12 .122  B rain , E ncephalon; horizonta l se c tion  a t th e  leve l o f th e  
flo o r  o f th e  centra l part o f th e  latera l ve n tr ic le s ; su pe rio r v iew .
This centra l se c tion  s h o w s  parts  o f th e  Tha lam us latera l to  th e  V e n tri
cu li la tera les. A n te r io r  and p o s te rio r to  th e  Tha lam us, th e  head and tail 
o f th e  N uc leus cauda tus  are v is ib le , respective ly . Lateral to  th e  Thala

m us, th e  Capsula in te rna , P u tam en, Capsula ex te rna, C laustrum , Cap
sula e x tre m a , and G yri insu lae are a rranged fro m  m edia l to  latera l. The 
genu o f th e  C orpus ca llosum  loca tes  to  th e  an te rio r m id line  and its 
sp le n ium  is v is ib le  in th e  p o s te rio r m id line .
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12 Brain and Spinal Cord General -> M eninges and b lood supply

Brain, horizontal sections

Polus frontalis 

Gyrus cinguli 

Gyrus frontalis inferior

V. anterior septi pellucidi

Nucleus caudatus, Caput

Gyrus frontalis inferior 

Insula [Lobus insularis] 

Cisterna fossae lateralis cerebri

Claustrum 

Putamen 

Gyrus temporalis superior 

Thalamus 

Tela choroidea ventriculi tertii 

Nucleus caudatus, Cauda 

Sulcus temporalis superior

Gyrus temporalis medius

Gyrus cinguli

Septum pellucidum

Fornix, Columna 

Capsula interna, Crus anterius

Plexus choroideus ventriculi 
lateralis

thalamostriata superior 

Capsula interna, Genu 

Capsula extrema 

Foramen interventriculare 

Capsula externa 

Capsula interna, Crus posterius

Ventriculus tertius

Recessus suprapineali:

V. interna cerebri

Capsula interna, 
Radiatio optica

Fimbria hippocampi

Plexus choroideus 
ventriculi lateralis

Fornix, Commissura

lateralis, Cornu occipitale 

Corpus callosum, Forceps major 

Calcar avis 

Corpus callosum, Splenium 

Sulcus calcarinus 

Fissura longitudinalis cerebri

(Gyri occipitales)

Fissura longitudinalis cerebri
A. cerebri anterior, A. pericallosa 

Indusium griseum
Corpus callosum, Genu

lateralis, Cornu frontale

Sulcus lunatus

Polus occipitalis
Cuneus

Fig. 12.123 B rain , E ncephalon; horizon ta l se c tion  a t th e  leve l o f the  
upper part o f th e  th ird  ve n tr ic le ; su pe rio r v iew .
In th e  ce n tra l p a rt o f th e  im age , th e  V e n tricu lu s  te rtiu s  is sh ow n , w ith  
pa rts  o f th e  V e n tricu li la tera les as w e ll as th e  G enu and S p len ium  o f th e  
C orpus ca llosum  d ep ic te d  a n te rio r and p os te rio r o f th e  V e n tr icu lu s  te r

tiu s . Head and ta il o f th e  N ucleus cauda tus, Tha lam us, P u tam en, and 
C laustrum  c o n s titu te  th e  ce rebra l nuclei. The Capsula in te rna  w ith  its 
ch ara c te ris tic  genu runs in b e tw e e n  th e  large nucle i. In add ition , the  
R adiatio op tica  o f th e  Capsula in te rna  is v is ib le .
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Polus frontalis 

Gyrus cinguli 

Cisterna pericallosa

Fissura longitudinalis cerebri

A. cerebri anterior, A. callosomarginalis

A. cerebri anterior, A. pericallosa

Gyrus frontalis inferior 

Fissura longitudinalis cerebri 

Nucleus caudatus, Caput 

Cisterna pericallosa

Cisterna fossae lateralis cerebri 

Commissura anterior 

Insula [Lobus insularis]

Claustrum 

Gyrus temporalis superior 

Adhesio interthalamica 

Putamen

Sulcus temporalis superior 

Globi pallidi medialis et lateralis

Thalamus 

Gyrus temporalis medius

Cisterna ambiens 

Nucleus caudatus, Cauda

Recessus pinealis 

Glandula pinealis 

Gyrus parahippocampalis

Calcar avis 

Isthmus gyri cinguli

Sulcus calcarinus

Sulcus lunatus

Corpus callosum, Forceps minor

Ventriculus lateralis, Cornu frontale

Corpus callosum, Rostrum

Capsula interna, Crus anterius 
Area subcallosa 

Lamina terminalis 

Fornix, Columna 

Capsula interna, Genu 
Laminae medulläres medialis 
et lateralis 

Ventriculus tertius

Capsula extrema 
Capsula externa 

Capsula interna, Crus posterius

Hypothalamus 

Commissura posterior

Habenula 

Capsula interna, Radiatio optica

Fimbria hippocampi

Alveus hippocampi

Plexus choroideus ventriculi 
lateralis 

Trigonum collaterale 

Ventriculus lateralis, Cornu occipitale

Sulcus collateralis 

A. cerebri posterior 

V. magna cerebri

Vermis cerebelli

Polus occipitalis Fissura longitudinalis cerebri

Fig. 12 .124  B rain , E ncephalon; horizonta l se c tion  th ro u g h  th e  
c e n tre  o f th e  th ird  v e n tr ic le  a t th e  leve l o f th e  A dhes io  in te rtha lam ica ; 
supe rio r v iew .
The se c tion  is c e n te red  th ro u g h  th e  G landula p inea lis  and th e  A dhes io

in te rtha lam ica . Lateral th e re o f th e  Tha lam us, C apsula in terna, G lobus 
pa llidus, P u tam en, C apsula ex te rna, C laustrum , Capsula e x tre m a, and 
th e  Lobus insu laris  are loca ted. The  F im bria  h ippocam p i, th e  A lveus 
h ippocam p i, and th e  G yrus parah ippocam pa lis  are a lso d isce rn ib le .
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12 Brain and Spinal Cord General -> M eninges and b lood supply

Fissura longitudinalis cerebri

Aa. cerebri anteriores, Aa. pericallosae 

Area subcallosa

Gyrus paraterminalis

Capsula interna, Crus anterius

Lamina terminalis

Commissura anterior

Sulcus hypothalamicus 

Capsula interna, Crus posterius

Tegmentum mesencephali

Capsula interna, Radiatio optica

Fimbria hippocampi 

Alveus hippocampi

Plexus choroideus 
ventriculi lateralis

Eminentia collateralis

Ventriculus lateralis, 
Cornu temporale

Gyrus dentatus

Sulcus hippocampalis 

A. cerebri posterior

Tectum mesencephali, 
Colliculus superior

Aqueductus mesencephali

Vermis cerebelli

Fissura longitudinalis cerebri

Gyrus cinguli

Cisterna pericallosa

Gyrus frontalis inferior

Cisterna ambiens

Gyrus parahippocampalis

Sulcus collateralis

(Gyri occipitales)

Gyrus lingualis

Fornix, Columna

Fasciculus mamillothalamicus

Nucleus caudatus, Caput

Cisterna fossae lateralis cerebri 

Putamen 

Gyrus temporalis superior 

Claustrum 

Sulcus temporalis superior 

Hypothalamus

Gyrus temporalis medius

Nucleus ruber

Corpora geniculata 
laterale et mediale

Nucleus caudatus, Cauda 

Gyrus temporalis medius 

Hippocampus

Fig. 12.125 B rain , E ncephalon; horizon ta l se c tion  th ro u g h  th e  th ird  
v e n tr ic le  a t th e  leve l o f th e  open ing  o f th e  cerebra l a queduct; supe rio r 
v iew .
D ue to  its  redd ish  co lou ra tion , th e  N uc leus rube r p ro m in e n tly  fig u re s  in 
th is  se c tion  p lane. The  c lose  re la tionsh ip  b e tw e e n  th e  N uc leus cauda

tu s  and P u tam en a lso b eco m e s obv ious. The  C rus an te rius  o f th e  Cap- 
sula in te rna  runs b e tw e e n  b o th  nuclea r s tru c tu re s . The se c tion  is lo
ca ted  at th e  tra n s itio n  fro m  th e  th ird  ve n tric le  to  th e  A q u ed u c tu s  
m esencepha li, w ith  bo th  s tru c tu re s  be ing  se c tion e d . The  upper rim  o f 
th e  V e rm is  ce reb e lli is s e c tion e d  as w e ll.
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Brain -» Sections -> Cranial nerves -► Spinal cord 12

Fig. 12 .126  B rain , E ncephalon; s ta g g ere d  horizonta l sec tion  
th ro u g h  th e  flo o r  o f th e  th ird  v e n tr ic le  a t th e  leve l o f th e  Corpora 
m am illa ria ; su pe rio r v iew .
The T rac tus  o p tic i, th e  H ypo tha lam i, th e  Corpora m am illa ria , th e  Crura 
ce rebri, th e  N ucle i rubri, and th e  C ollicu li in fe r io re s  o f  th e  T e c tu m

m esencepha li are sec tioned . On th e  righ t s ide, th e  H ippocam pus is v is
ible, on  th e  le f t s ide th e  g rey  and w h ite  m a tte r o f th e  te m p o ra l and oc
c ip ita l lobes are s h o w n . R em ova l o f  th e  occ ip ita l po le  on th e  righ t s ide 
a llo w s  an u no b s tru c te d  v ie w  on th e  H em isp he riu m  cerebe lli.

A. cerebri anterior

Gyri orbitales

Tectum mesencephali, 
Colliculus inferior

Frenulum veli medullaris superioris

Hemispherium cerebelli 

Aqueductus mesencephali

Vermis cerebelli

Fissura longitudinalis cerebri

Gyrus rectus Fissura longitudinalis cerebri

Cisterna chiasmatica

A. communicans anterior

A. cerebri anterior

Cisterna fossae lateralis cerebri

A. cerebri media

Gyrus parahippocampalis

Gyrus occipitotemporalis 
lateralis

A. communicans posterior 

Uncus 

Hypothalamus 

Fossa interpeduncularis 

Cisterna interpeduncularis 

Substantia nigra 

A. cerebri posterior 

Nucleus ruber 

Cisterna ambiens

Tegmentum mesencephali

Lamina terminalis

Recessus supraopticus

Recessus infundibuli 

tertius 

Tractus opticus 

Corpus mamillare 

Corpus amygdaloideum 

ambiens) 

cerebri

Sulcus hippocampalis

collateralis

Pes hippocampi

Hippocampus

lateralis, 
Cornu temporale

Eminentia collateralis
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Brain and Spinal Cord

Brain, sagittal sections

General -> M eninges and b lood supply

Sulcus parietooccipitalis 

N. trochlearis [IV]

Sulcus calcarinus

Cisterna ambiens

Pedunculus cerebellaris medius 

Vermis cerebelli 

Ventriculus quartus 

Hemispherium cerebelli 
Plexus choroideus ventriculi quarti 

Apertura lateralis ventriculi quarti 

N. facialis [VII]
N. accessorius [XI]

Corpus callosum,

Commissura anterior 

Corpus callosum, Rostrum 

Gyrus paraterminalis

Bulbus olfactorius 
A. cerebri

Gyrus
A. carotis

N. opticus [II]
N. oculomotorius 

A. cerebri 
A. superior

A.

N. abducens [VI]

N. hypoglossus 

N. vestibulocochlearis [VIII]
A.

N. glossopharyngeus [IX] 
N.vagus

Ventriculus lateralis, Pars 
V. thalamostriata superior 

Corpus callosum, Truncus 

Nucleus caudatus,

Capsula interna

Ventriculus lateralis, 
Cornu frontale

centralis Plexus choroideus ventriculi lateralis 
Thalamus

Gyrus cinguli

Sulcus centralis

Tela choroidea ventriculi tertii 

Fornix, Crus

Fornix, Commissura

Corpus callosum, Splenium

Fig. 12.127 B rain , E ncephalon; sag itta l se c tion  th ro u gh  th e  le f t he
m isph e re  a t th e  leve l o f th e  head o f th e  N uc leus cauda tus; v ie w  fro m  
th e  le f t s ide.
A  param edian se c tion  s h o w s  th e  C orpus ca llosum  in its e n tire  ros tro - 
occ ip ita l d im e n s io n . The V e n tricu lu s  la tera lis p os itio n s  b e lo w  th e  Cor-

pus ca llosum  and, fu r th e r  b e lo w , th e  N uc leus caudatus, Tha lam us, 
Capsula in terna, and N. o p ticu s  [II] are loca ted . The A. basilaris runs in 
fro n t o f th e  b ra in s te m . The P eduncu lus ce rebe lla ris  m e d iu s  m arks  th e  
tra n s itio n  fro m  th e  Pons to  th e  C erebe llum .

Sulcus centralis

Thalamus

Ventriculus lateralis, Cornu temporale

Plexus choroideus ventriculi 
lateralis

Putamen Fornix, Crus

Commissura anterior

Hippocampus 

Gyrus parahippocampalis

Globus pallidus medialis

A. carotis interna

N. oculomotorius [III]

Gyrus parahippocampalis, Uncus

A. cerebri media 

A. communicans posterior
Pons

A. cerebri posterior 

Pedunculus cerebellaris medius

Nucleus caudatus, Corpus 
Capsula interna, Crus anterius 

Globus pallidus lateralis

Sulcus calcarinus

Hemispherium cerebelli 

Nucleus dentatus

Fig. 12.128 B rain , Encephalon; sag itta l se c tion  th ro u gh  th e  le ft 
h em isp h e re  a t th e  leve l o f th e  b ody  o f th e  N uc leus cauda tus; v ie w  
fro m  th e  le f t  s ide.

A p a rt fro m  th e  b ody  o f th e  N ucleus cauda tus, th e  C rus an te riu s  o f the  
Capsula in terna, th e  Tha lam us, th e  P u tam en, th e  G lobus pa llidus, and 
th e  U ncus o f th e  G yrus parah ippocam pa lis  have been se c tion e d . The 
N ucleus d en ta tu s  v isua lises  p ro m in e n tly  in th e  se c tion  p lane th ro u gh  
th e  C erebe llum .
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Brain, sagittal sections

Putamen

Hemispherium cerebelli

Sulcus centralis

Nucleus caudatus, Cauda

Glomus choroideum

Trigonum collaterale

Tapetum

Ventriculus lateralis, Cornu occipitale

Globus pallidus lateralis 
Globus pallidus medialis

Capsula interna

Insula [Lobus insularis]

Commissura anterior 

A. cerebri media 

Cisterna fossae lateralis cerebri

Corpus amygdaloideum 

Plexus choroideus ventriculi lateralis
Gyrus parahippocampalis

Hippocampus 

Fimbria hippocampi

A. cerebri posterior

Fig. 12 .129  B rain , E ncephalon; sag itta l se c tion  th ro u g h  th e  le ft 
h em isp h e re  a t th e  leve l o f th e  C orpus am ygd a lo id eu m ; v ie w  fro m  th e  
le f t s ide.

Th is  se c tion  revea ls  th e  H ippocam pus, th e  F im bria  h ippocam p i, and th e  
ta il o f th e  N ucleus cauda tus p o s te rio r to  th e  C orpus am ygd a lo id eu m . In 
add ition , th e  P u tam en, th e  G lobus pa llidus, and th e  C apsula in te rna  are 
d isce rn ib le . The  in fe rio r p a rt o f th is  se c tion  s h o w s  th e  H em isp he riu m  
cerebe lli.

Fig. 12 .130  B rain , E ncephalon; sag itta l se c tion  th ro u g h  th e  le ft 
h em isp h e re  a t th e  leve l o f th e  apex o f th e  Cornu te m p o ra le  o f th e  
V e n tricu lu s  la tera lis ; v ie w  fro m  th e  le f t s ide.

Th is  latera l se c tion  s h o w s  th e  Lobus insu laris  and inc ludes th e  H ippo
cam pus  w ith  th e  G yrus parah ippocam pa lis , th e  C laustrum , and th e  
P u tam en.

Cisterna fossae lateralis cerebri

Plexus choroideus ventriculi lateralis

Eminentia collateralis

A. cerebri media

Putamen

Ventriculus lateralis, Cornu temporale

Nucleus caudatus, Cauda

Hippocampus

Sulcus centralis

Insula [Lobus insularis]

Claustrum

Gyrus parahippocampalis 

Hemispherium cerebelli
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Brain and Spinal Cord

Overview

General -> M eninges and b lood supply

-f— N. oculo- 
motorius [III]

N. trochlearisN. olfactorius [I]

N. opticus [II] N. abducens [VI]

N. trigeminus [V]

N. intermedius [VII]

N. facialis [VII]

N. vestibulocochlearis [VIII]

N. glossopharyngeus [IX]

N. accessorius [XI]

N. hypoglossus [XII]

Efferent (motor) fibres Afferent (sensory) fibres Spinal fibres

Fig. 12.131 C ranial nerves, N n . craniales; fu n c tio na l o v e rv ie w  o f 
th e  T e lencepha lon , C ereb rum , b ra ins tem , T ru n cus  encephali, and 
C erebe llum ; in fe rio r v iew .
T w e lv e  pairs o f cranial nerves e x it th e  cranial base. They are n um bered  
in Rom an d ig its  (I—XII) accord ing  to  th e  o rde r in w h ic h  th e y  e x it th e  
b ra ins tem  fro m  an te rio r to  p os te rio r. The  Fila o lfac to ria  c o n s titu te  th e  
f irs t cranial nerve , c o lle c tive ly  nam ed N . o lfac to riu s  [I]. Through  the  
fila , th e  b ipo la r o lfa c to ry  neurons (an unnam ed  se nso ry  gang lion  is lo
ca ted  w ith in  th e  o lfa c to ry  m ucosa) p ro je c t in to  th e  B u lbus o lfac to rius , a 
part o f th e  Te lencepha lon  th a t w a s  re loca ted  cran ia lly  during  d eve lop 
m e n t. Thus, th e  bu lbus is th e  N uc leus te rm in a tio n is  fo r  th e  N. o lfac to -

rius [I], w ith  th e  e xcep tio n  th a t th is  nuc leus d oes  n o t res ide  in th e  
b ra in s te m  b u t loca tes  o u ts id e  on th e  Lam ina cribrosa. The fa c t th a t th e  
neurons o f th e  f irs t cranial nerve  are ve ry  s h o rt and th e  N uc leus te rm i
na tion is  res ides o u ts id e  o f th e  b ra ins tem  are d is tin g u ish ing  fe a tu res , 
separa ting  th e  f ir s t  fro m  th e  o th e r cranial nerves. The  N . op ticus  [II] is 
e xcep tiona l as it inc ludes th e  3 rd and p o ss ib ly  4 th neuron  o f th e  v isua l 
pa thw ay. C on tra ry  to  all o th e r cranial nerves, th e  o p tic  nerve  is a p ro tru 
s ion  o f th e  D iencepha lon  and n o t a c tua lly  a periphera l nerve .

-» T 56, 58
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Overview

O v e rv ie w  o f th e  T w e lve  C ranial N erves  and th e ir  M o s t Im p o rta n t In n e rv a tio n  S ites  [14]
A  deta iled  p rese n ta tio n  o f th e  inne rva tion  s ite s  fo r  each cranial nerve  is s h o w n  on pp. 2 9 6 -3 2 3 .
GSA: genera l so m a to -a ffe ren t; GSE: genera l s o m a to -e ffe re n t; GVA: genera l v isce ro -a ffe re n t; GVE: genera l v isce ro -e ffe re n t; SSA: spec ific  
so m a to -a ffe ren t; SVA: sp ec ific  v isce ro -a ffe re n t; SVE: s p e c ific  v is c e ro -e ffe re n t

C ranial N erve Q u a lity Im p o rta n t In n e rv a tio n  S ites

N. o lfac to riu s  [I] SSA o lfa c to ry  m ucosa

N. o p ticu s  [II] SSA retina

N. o cu lo m o to riu s  [III] GSE, GVE intra -ocu lar and ex tra -ocu la r m u sc les

N. troch lea ris  [IV] GSE ex tra -ocu la r m u sc les

N. tr ig e m in u s  [V] SVE, GSA m a s tica to ry  m usc les , fac ia l skin

N. abducens [VI] GSE ex tra -ocu la r m usc le

N. fac ia lis  [VII] GVE, SVE, SVA, GSA m im ic  m usc les , g u s ta to ry  o rgan, g lands

N. v e s tibu lo coch lea ris  [VIII] SSA equ ilib rium  and hearing

N. g lossopha ryngeus  [IX] GVE, SVE, GSA, GVA, SVA pharyngea l m usc les , paro tid  g land

N. vagus [X] GVE, SVE, GSA, GVA, SVA pharyngea l m usc les , larynx, inne r organs

N. a ccesso rius  [XI] SVE M m . trapez ius  and s te rn o c le ido m a s to id e u s

N. h ypog lossus [XII] GSE m u sc le s  o f th e  to n g ue

O v e rv ie w  o f C ranial N erves  w ith  T w o  o r M o re  N uc le i in th e  B ra in stem  [14]
The  Nn. troch lea ris  [IV], abducens [VI], a ccesso rius  [XI], and hypo g lossu s  [X II] each p ossess on ly  a s ing le  iden tica lly  nam ed nuc le u s  and are 
th e re fo re  n o t m e n tio n e d  here.

C ranial N erve C orresponding  N uclei

N. o cu lo m o to riu s  [III] •  N uc leus nerv i o cu lo m o to rii
•  N uc leus a ccesso rius  nervi o cu lo m o to rii

N. tr ig e m in u s  [V] •  N uc leus m o to riu s  nervi tr ig e m in i
•  N uc leus m e sen ce p ha licu s  nerv i tr ig e m in i
•  N uc leus p on tin u s  (sensorius princ ipa lis) nerv i tr ig e m in i
•  N uc leus sp ina lis  nervi tr ig e m in i

N. fac ia lis  [VII] •  N uc leus nerv i fac ia lis
•  N uc leus sa liva to rius  supe rio r
•  N uc leus sp ina lis  nervi tr ig e m in i
•  N ucle i tra c tu s  so lita rii

N. ve s tibu lo coch lea ris  [VIII] •  N ucle i ves tibu lä res
• N ucle i coch lea res

N. g lossopha ryngeus  [IX] •  N uc leus sa liva to rius  in fe rio r
•  N uc leus a m b iguus
• N uc leus sp ina lis  nervi tr ig e m in i
•  N ucle i tra c tu s  so lita rii

N. vagus [X] •  N uc leus dorsa lis  nervi vagi
•  N uc leus a m b iguus
• N uc leus sp ina lis  nervi tr ig e m in i
•  N ucle i tra c tu s  so lita rii

O v e rv ie w  o f N uc le i in th e  B ra in stem  w ith  D ivis ions A llo ca ted  to  T w o  o r M o re  C ranial N erves  [14]
A ll o th e r nucle i can be assoc ia ted  w ith  a sp ec ific  cranial nerve.

N ucleus C orresponding  C ranial N erve

N ucleus a m biguus • N. g lossopha ryngeus  [IX]
•  N. vagus [X]
•  N. accessorius  [XI] (Radix crania lis)

N ucle i tra c tu s  so lita rii •  N. fac ia lis  [VII]
•  N. g lossopha ryngeus  [IX]
•  N. vagus [X]

N uc leus sp ina lis  nerv i tr ig e m in i •  N. tr ig e m in u s  [V]
•  N. fac ia lis  [VII]
•  N. g lossopha ryngeus  [IX]
•  N. vagus [X]
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Corpus callosum, Genu Septum pellucidum

Sinus sagittalis superior 

Lamina terminalis

Commissura anterior 

Fornix

Foramen interventriculare

Sinus sagittalis inferior 

Infundibulum

Corpus callosum, Truncus

Plexus choroideus ventriculi tertii 

Adhesio interthalamica 

Ventriculus tertius 

Substantia nigra 

Nucleus ruber 

Corpus callosum, Splenium 

V. magna cerebri 

Glandula pinealis 

Pedunculus cerebri 

Colliculus superior sinister 

Colliculi inferiores 

Sinus rectus 

Velum medulläre superius 

Pedunculi cerebellares 

Vermis cerebelli 

Ventriculus quartus

Confluens sinuum 

Plexus choroideus ventriculi quarti 

Apertura mediana ventriculi quarti 

Tuberculum gracile 

Tuberculum cuneatum 

Medulla spinalis

Falx cerebri

A. cerebri anterior

Bulbus olfactorius

Tractus olfactorius 

Chiasma opticum 

N. opticus [II]

A. ophthalmica 

Tractus opticus 

N. oculomotorius [III]

(Plica petroclinoidea 
anterior)

N. trochlearis [IV]

N. abducens [VI]

N. trigeminus [V]

Tentorium cerebelli 

N. facialis [VII]

N. vestibuiocochlearis [VIII]

N. glossopharyngeus [IX]

N. vagus [X]

N. accessorius [XI]

N. hypoglossus [XII]

A. basilaris

Velum medulläre inferius

N. accessorius [XI], Radices spinales

Fig. 12.132 Course o f th e  crania l nerves, N n . c ran ia les , in th e  
subarach no id  space; p o s te rio r su pe rio r v ie w  fro m  th e  le f t s ide ; th e  
le f t h em isp h e re  o f th e  C erebrum  and th e  C erebe llum  as w e ll as th e  
T e n to riu m  ce rebe lli have been rem oved .
The  cranial nerves III—XII e x it  th e  b ra in s te m  in ch rono log ica l o rde r fro m  
cranial to  caudal. S om e  e x it as a loose bund le  o f nerve  ro o ts  and fo rm

th e  actual cranial nerve  (IX—XII) later. The  N. troch lea ris  [IV] n o t o n ly  is 
th e  th in n e s t cranial nerve  b u t a lso un ique ly  e x its  fro m  th e  p o s te rio r s ide 
o f th e  b ra in s te m . The  N. abducens [VI] has th e  lon g e s t in tradura l course  
b e fo re  e x iting  th ro u g h  its  open ing  a t th e  cranial base.

—► T 58
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Topography

Capsula interna

Ventriculus lateralis, 
Cornu frontale

A. ophthalmica

N. trigeminus [V]

N. oculomotorius [III]

Ventriculus lateralis, 
Cornu temporale

A. carotis interna, 
Pars cerebralis

cerebri anterior

N. opticus [II]

N. abducens [VI]

Sinus cavernosus

Ganglion trigeminale

A. cerebri posterior

Sinus petrosus superior A. carotis interna, 
Pars cavernosa

N. maxillaris [V/2]

N. ophthalmicus [V/1]

Cisterna ambiens; 
Pedunculus cerebri

N. trochlearis [IV]

Fig. 12.133 C ourse o f th e  crania l nerves, N n . c ran ia les, in th e  
m id d le  crania l fossa. Fossa cranii m ed ia ; v ie w  fro m  th e  righ t s ide. 
Large parts  o f th e  fro n ta l and te m p o ra l lobes w e re  re m ove d  to  a llo w  an 
u n o b s tru c te d  v ie w  on th e  cranial base be low . The  C avum  trig em in a le  
(M E C K E L's  cave) has been opened. Loca ted  w ith in  is th e  G ang lio n  
tr ig e m in a le  (V, G anglion sem iluna re , c lin ica l te rm : G anglion GASSERI),

w ith  th e  th re e  m ain b ranches o f th e  N. tr ig e m in u s  (N. o ph tha lm icu s  
[V/1], N. m axillaris  [V/2], N. m and ibu la ris  [V/3]). In a dd ition  to  th e  N. tr i
g e m in u s  [V], pa rts  o f th e  Nn. o p ticu s  [II], o cu lo m o to riu s  [III] and tro c h 
learis [IV] and a rte ries  o rig ina ting  fro m  th e  Pars ce reb ra lis  o f th e  A. ca
ro tis  in terna  (A. oph tha lm ica , A . ce reb ri ante rio r) are v is ib le .

—♦ T 58

N.

Fig. 12.134 A rte rie s  and nerves  in th e  reg ion  o f th e  S e lla  turc ica  
and th e  S inus cavernosus; v ie w  fro m  th e  righ t s ide.
The  C avum  tr ig e m in a le  (M E C K E L's  cave) has been o pened  by 
re m ov in g  th e  Dura m a te r cran ia lis  and th e  A rachno idea  m a te r a t th is  
s ite . V is ib le  is th e  G anglion tr ig e m in a le  (V, G anglion sem iluna re , clin ical 
te rm : G anglion GASSERI) w ith  th e  th re e  tr ig e m in a l nerve  branches. In 
add ition, th e  course  o f th e  cranial nerves III, IV, and VI to  VIII fro m  ex iting

th e  b ra in s te m  to  e n te rin g  th e  cranial base is sh ow n . The  Pars caverno 
sa o f th e  A. ca ro tis  in te rna  tra n s itio n s  in to  th e  Pars ce rebra lis  w h ic h  lies 
c lose  to  th e  N. o p ticu s  [II]. The  C hiasm a o p ticu m  is loca ted  above the  
hypophysea l s ta lk  (In fund ibu lum ).

—» T 58

A. cerebri anterior dextra, 
Pars postcommunicalis

Chiasma opticum

Substantia nigra

Pedunculus cerebri, 
Crus cerebri

N. oculomotorius [III]

N. trochlearis [IV]

(Plica petroclinoidea 
anterior)

N. trigeminus [V], 
Radix motoria

N. trigeminus [V], 
Radix sensoria

N. abducens [VI]

N. facialis [VII] 

vestibulocochlearis [VIII]

Infundibulum

N. opticus [II]

A. carotis interna, 
Pars cerebralis

A. ophthalmica

N. ophthalmicus [V/1] 

Ganglion trigeminale 

N. maxillaris [V/2]

N. mandibularis [V/3]
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Nuclei of the cranial nerves

General -> M eninges and b lood supply

General somato-efferent nuclei (GSE)

General viscero-efferent nuclei (GVE)

Specific viscero-efferent nuclei (SVE)

General and specific viscero-afferent nuclei (GVA/SVA) 

General somato-afferent nuclei (GSA)

Specific somato-afferent nuclei (SSA)III, IV, VI, XII

Fig. 12 .135  C ranial nerves, N n . craniales; sch e m a tic  c ross-section  
th ro u gh  th e  rh om b o id  fossa d e m o n s tra tin g  th e  nucle i.
In th e  b ra in s te m , nucle i w ith  s im ila r fu n c tio n s  are a rranged in a co lum n  
in a cranial to  caudal d ire c tio n . D ue to  spatia l re s tric tion s , th e  nucle i 
fo rm  fo u r  long itud ina l nuclear co lu m n s and are a rranged a longside

each o the r. This includes in a m edial to  lateral d irection  a som ato -e ffe r
en t, a v isce ro -e ffe re n t, a v isce ro -a ffe re n t, and a s o m a to -a ffe re n t co 
lum n  o f nuc le i. W ith in  th e  v isce ro -e ffe re n t, th e  v isce ro -a ffe re n t, and 
th e  s o m a to -a ffe re n t co lu m n s  o f nuc le i, one  can d is tin g u ish  genera l and 
s p e c ific  a ffe re n t nucle i.

Nucleus nervi trochlearis Nucleus mesencephalicus nervi trigemini

Nucleus tractus solitarii

Nucléus motorius nervi trigemini

Nucléus nervi abducentis 

Nucléus nervi facialis

Nucléus salivatorius superior

(Nucleus pontinus nervi trigemini*)

Nucleus principalis posterior

Nucleus salivatorius inferior

Nucleus ambiguus 

Nucleus dorsalis nervi vagi

Nucleus vestibularis superior 
Nucleus vestibularis lateralis I Nuclei vestibuläres 
Nucleus vestibularis inferior [

Nucleus vestibularis medialis J

Nucleus accessorius 
nervi oculomotorii

Nucleus nervi oculomotorii

Nucleus nervi accessorii

Nucleus nervi hypoglossi
Nucleus spinalis nervi trigemini

Fig. 12.136 C ranial nerves, N n . craniales; to p o g ra p h ic  o v e rv ie w  o f 
th e  nuc le i; p os te rio r v iew .
W ith  th e  e xcep tio n  o f  th e  cranial nerves I and II, all cranial nerves ( II I-  
XII) have nucle i loca ted  in th e  b ra ins tem . The  M e sen ce p ha lo n  con ta ins  
th e  nucle i o f th e  cranial nerves III and IV, th e  nucle i o f th e  cranial nerves 
V  to  VII lie in th e  Pons, and th e  M edu lla  ob longa ta  con ta ins  th e  nuclei 
o f th e  cranial nerves VII to  XII.
It is easy  to  unders tand  th e  to p o g ra p h ic  a rran g e m en t o f th e  nucle i o f 
th e  cranial nerves if one  keeps in m ind  th e  separa tion  in to  fu n c tio na l

nuclea r co lu m n s  (-*  Fig. 12.135). On th e  le f t  s ide  are th e  nucle i o f orig in  
(N ucle i orig in is) w h ic h  conta in  th e  perikarya  o f th e  e ffe re n t neurons 
p ro je c tin g  in to  th e  periphery. In th e  te rm ina l nuc le i (Nucle i te rm in a tio - 
nes) on th e  righ t s ide , th e  a ffe re n t fib re s  derived  fro m  th e  periphery  
synapse  o n to  th e  2 nd neuron  o f th e  senso ry  tract.

* c lin ica l te rm : N uc leus se nso riu s  p rinc ipa lis  nerv i tr ig e m in i 
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Nuclei of the cranial nerves

Glandula pinealis 

Nucleus accessorius nervi oculomotorii

Nucleus nervi oculomotorii

N. trochlearis [IV]

Nucleus mesencephalicus nervi 
trigemini

(Nucleus pontinus nervi trigemini*) 

Nucleus nervi abducentis

Nuclei vestibuläres 

Nucleus salivatorius superior 

Nuclei cochleares

Nucleus salivatorius inferior 

Nucleus dorsalis nervi vagi

Nucleus nervi hypoglossi

Nucleus ambiguus 

Nucleus tractus solitarii 

Nucleus spinalis nervi trigemini

Nucleus nervi accessorii

N. accessorius [XI], Radices spinales

N. hypoglossus [XII]

N. accessorius [XI]

General somato-efferent nuclei (GSE)

General viscero-efferent nuclei (GVE)

Specific viscero-efferent nuclei (SVE)

General and specific viscero-afferent nuclei (GVA/SVA) 

General somato-afferent nuclei (GSA)

Specific somato-afferent nuclei (SSA)

Nucleus ruber 

Pedunculus cerebri, Crus cerebri 

N. oculomotorius [Il

Nucleus nervi trochlearis

Nucleus nervi facialis

N. abducens [VI]

N. facialis [VII]

N. vestibulocochlearis [VIII]

N. glossopharyngeus [IX] 
N. vagus [X]

N. trigeminus [V]

Nucleus motorius nervi 
trigemini

Pons

Fig. 12.137 C ranial nerves, N n . c rania les; to p o g ra p h ic  o v e rv ie w  o f 
th e  nucle i o f th e  cranial nerves III to  XII in th e  m edian  plane.
N ucle i o f orig in  (N ucle i orig in is) w ith  perikarya  o f th e  e ffe re n t/m o to r 
fib re s  d iv ide  into:
•  genera l s o m a to -e ffe re n t nuc le i (N ucle i nerv i o c u lo m o to rii [III, ex tra 

ocu la r m usc les ], tro ch le a ris  [IV, M . ob liq uu s  supe rio r], abducens [VI, 
M . re c tu s  la tera lis ], and h ypog loss i [XII, m u sc le s  o f th e  tongue ])

•  genera l v is c e ro -e ffe re n t nuc le i (Nucle i a ccesso rius  nervi o c u lo m o to 
rii [III, M m . sp h in c te r pup illae  and c ilia ris], sa liva to rius  su pe rio r [VII, 
G landulae subm and ibu la ris , sub lingua lis , lacrim a lis, nasales and pa
la tina les], sa liva to rius  in fe rio r [IX, G landula paro tidea], dorsa lis  nervi 
vagi [X, v iscera ])

•  specia l v is c e ro -e ffe re n t nuc le i (Nucle i m o to riu s  nerv i tr ig e m in i [V, 
m a s tica to ry  m usc les , m u sc le s  o f th e  flo o r  o f th e  m o u th ], nerv i fa 
c ia lis  [VII, m im ic  m usc les ], a m b iguus  [IX, X, Radix cran ia lis  o f XI, 
pharyngea l and laryngeal m u sc le s ] and N uc leus nervi accessorii [XI, 
Radix sp ina lis , sh ou ld e r m usc les ])

Term ina l nuclei (Nucle i te rm ina tio n es ) are ta rg e te d  by a ffe re n t/se n so 
ry fib re s  and d iv ide  into:
•  genera l v is c e ro -a ffe re n t nuc le i (N ucle i tra c tu s  so lita rii, Pars in fe rio r 

[IX, X, se nso ry  inne rva tion  o f s m o o th  m u sc le s  (viscera)])
•  specia l v isce ro -a ffe re n t nuc le i (Nucle i tra c tu s  so lita rii, Pars supe rio r 

[VII, IX, X], ta s te  fib res)
•  genera l s o m a to -a ffe re n t nuc le i (N ucle i m e sen ce p ha licu s  nervi tr ig e 

m in i [V, p rop riocep tion  o f m a s tica to ry  m usc les ], p on tin u s  (sensorius 
p rincipa lis) nerv i tr ig e m in i [V, to u ch , v ib ra tion , pos itio n  o f te m p o ro 
m and ibu la r jo in t], sp ina lis  nerv i tr ig e m in i [V, pain and te m p e ra tu re  
sensa tion  in th e  head region])

•  specia l s o m a to -a ffe re n t nuc le i (N ucle i ve s tibu la res  supe rio r, latera
lis, m ed ia lis  and in fe rio r [VIII, ves tibu la ris  part, equ ilib rium ] as w e ll as 
N ucle i coch lea res  a n te rio r and p os te rio r [VIII, coch lea r part, hearing]

•  c lin ica l te rm : N ucleus senso rius  p rinc ipa lis  nervi tr ig e m in i 

—► T  57
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N. olfactorius [I]

Brain and Spinal Cord General -> M eninges and b lood supply

Area subcallosa; 
Gyrus paraolfactorius Fibres from 1 the contralateral 

Fibres to ƒ Bulbus olfactorius

Commissura anterior

olfactoria medialis

Substantia perforata anterior

Bulbus olfactorius

Fimbria hippocampi

Sensory cells 
(olfactory cells) Gytas dentatus

Fila

Os ethmoidale, Lamina cribrosa 

Nucleus olfactorius

Dura mater cranialis

Trigonum olfactorium; 
Tuberculum olfactorium

Gyrus ambiens

Stria olfactoria lateralis Corpus amygdaloideum 

Nucleus tractus olfactorii lateralis

Gyfus parahippocampalis

Uncus

Fig. 12.138 l\l. o lfac to riu s  [I], w ith  o lfac to ry  nerves, N n . o lfac to rii 
(Fila o lfac to ria ), and o lfac to ry  tra c t; v ie w  fro m  th e  le f t s ide.
A n  area o f 3 c m 2 o f  o lfa c to ry  m ucosa  (R egio o lfac to ria ) loca tes  to  both  
s ides  a t th e  ro o f o f th e  nasal cavity. It co n ta in s  a p p ro x im a te ly  30  m illion  
re ce p to r ce lls  (o lfac to ry  se nso ry  ce lls) w h ic h  respond  to  ch em ica l s ig 
nals. These  are b ipo lar n eu rons  (o lfac to ry  neurons, 1s t neuron , SSA). 
On th e  one  side , th e y  c o n n e c t w ith  th e  o u te r e n v iro n m e n t and on th e  
o th e r s ide  th e ir  axons fo rm  th e  Fila o lfac to ria . The o lfa c to ry  neurons 
have a s h o rt life  span o f 3 0 -6 0  days and are rep laced by  neurona l s tem  
ce lls  th ro u g h o u t life.

The Fila o lfac to ria  are c o lle c tive ly  nam ed N. o lfac to riu s  [I]. In each bul- 
bus, th e y  conve rge  o n to  a p p ro x im a te ly  1000 g lo m eru li. From  here, 
th e  o lfa c to ry  in fo rm a tio n  reaches d if fe re n t areas a t th e  cranial base and 
th e  te m p o ra l lobe (p rim ary  o lfa c to ry  co rtica l area) and, th ro u g h  d ire c t 
and in d ire c t co nn e c tio ns , p ro je c ts  to  seconda ry  o lfa c to ry  co rtica l areas 
and o th e r brain  reg ions, inc lud ing  th e  H ypo tha lam us. Tha t w a y , th e  
consc ious rea lisation  o f o lfa c to ry  s tim u li and th e  c o nn e c tio n  w ith  o th e r 
senso ry  p e rce p tio ns  is a ccom p lished .

—► T 58a
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Brain -► Sections -> Cranial nerves -► Spinal cord

N. olfactorius [I]

12

Fila olfactoria

Sensory cells (olfactory cells)

Bulbus olfactorius

Tractus olfactorius

Mitral cell

Tufted cell

Periglomerular cell 

Glomerulus

Olfactory epithelium (olfactory- 
mucosa, Mucosa olfactoria)

Sensory cells (olfactory cells)

Fila olfactoria 

Os ethmoidale, Lamina cibrosa

Nucleus olfactorius anterior 
Dura mater cranialis

Signal transduction in the Bulbus olfactorius

Granular cells

Tractus olfactorius

Efferent fibres to the Bulbus olfactorius 

Afferent fibres from the Bulbus olfactorius

Fig. 12 .139  S c h e m e  o f th e  p ro jec tio ns  and syn ap tic  connections  
of th e  Fila o lfac to ria ; v ie w  fro m  th e  le f t  s ide.
In each bulbus, all Fila o lfac to ria  conve rge  o n to  a p p ro x im a te ly  1000 
g lo m eru li (in th e  fig u re  tw o  g lo m e ru li are d e m o n s tra te d  as an e xam 
ple) w h ic h  c o lle c tive ly  fo rm  th e  T rac tus  o lfac to riu s . M u ltip le  synapses 
w ith in  th e  g lo m e ru li fin a lly  conve rge  on th e  m itra l cells  (2nd neuron).

The  axons o f all neurons p ossess ing  th e  iden tica l o do ra n t re cep to r 
reach th e  g lo m e ru lu s  th a t is s p e c ific  fo r  each o f th e  a p p ro x im a te ly  1000 
d if fe re n t o lfa c to ry  recep to rs . M itra l ce lls  o f th e  o lfa c to ry  bu lb  p ro je c t to  
d if fe re n t areas a t th e  cranial base and th e  te m p o ra l lobe (-*  Fig. 12.138). 
Feedback m e cha n ism s increase th e  d isc rim ina tio n  o f o do ra n t s tim u li 
and invo lve  g ranu lar ce lls  th a t c o n n e c t back w ith  d if fe re n t m itra l ce lls.

C lin ica l R e m ark s
Viral in fec tio n s , ch ron ic  s inu s itis , o b s tru c tio n  o f th e  nasal passage 
to  th e  o lfa c to ry  m ucosa , e .g . due  to  a lle rgy, s ide  e ffe c ts  o f m e d i
ca tion , brain tu m o u r o r head traum a  w ith  in ju ry  to  th e  o lfa c to ry  ner

ves during  th e ir  passage th ro u g h  th e  Lam ina cribrosa, can re su lt in 
hypo sm ia  (decreased a b ility  to  perce ive  odours) o r a n o sm ia  (in
ab ility  to  pe rce ive  odours).
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Brain and Spinal Cord

N. opticus

General -> M eninges and b lood supply

Inner limiting membrane

Diffuse Off-ganglion cell 

Diffuse On-ganglion cell 

Midget On-ganglion cell 

Midget Off-ganglion cell 

Amacrine cell 

On-cone bipolar cell 

Rod bipolar cell 

Off-cone bipolar cell 

Horizontal cell

The central dark spot is 
the Macula lutea

The brighter areas represent the 
monocular fields of vision, whereas 
the darker areas represent overlapping 
fields of vision

Each quadrant is depicted in a 
different colour

Pigment epithelium

\ ‘
Outside of the Outside of the Fovea

Fovea Fovea centralis
centralis centralis (individual

(multiple rod (stimuli of connection
cells converge multiple cone from a

onto one cells converge cone cell to
rod bipolar onto one On- an On- or

cell) or Off-cone Off-cone
bipolar cell) bipolar cell)

Radiatio optica

Sulcus calcarinus 
([Fissura calcarina])

Sulcus calcarinus 
([Fissura calcarina])

Projection into the left Lobus occipitalis Projection into the right Lobus occipitalis

Fig. 12.140 N eu ro n a l n e tw o rk  in th e  re tin a , R etin a , and th e  
cen tra l v isua l trac t; s tro n g ly  s im p lifie d  sch e m a tic  re p resen ta tion . 
C one cells  (1st neuron) d ire c t th e  in fo rm a tio n  to  cone b ipo lar cells  (2nd 
neuron) and gang lio n  cells  (3rd neuron). H orizonta l and am acrine  ce lls 
m o d ify  th e  p rocess ing  o f in fo rm a tio n . The axons o f th e  gang lion  ce lls 
fo rm  th e  N. o p ticu s  [II]. The  abo ve -m e ntio n e d  n e tw o rk  o f co nn e c tio ns

re p re se n te d  by  an in tra re tina l chain  o f th re e  neurons o n ly  app lies  to  
cone  ce lls  (fo r rod ce lls  -» Fig. 12.141 and te x tb o o k s  o f h is to logy). For 
th e  centra l v isua l tra c t -» pages 131 and 132.

—► T 58b
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Brain - >  Sections -> Cranial nerves -► Spinal cord

N. opticus

Overlapping visual field

Nasal visual field (green)

Temporal visual field (red)

Temporal retina of the left eye (green) 

Nasal retina of the left eye (red)

Median chiasma lesion 
(bitemporal hemianopsia)

Partial lesion of the left N. opticus t..j 
(blindness of the left nasal 

visual fields and loss of 
the left temporal retina)

Radiatio optica

Nasal visual field (red)

Temporal visual field (green)

Temporal retina of the right eye (red)

Nasal retina of the right eye (green)
Lesion of right N. opticus [II]
(blindness of right eye)

Lesion in the lateral portion of the right 
N. opticus [II] at the level of the Chiasma 
opticum (nasal fibres from the right side have 
already crossed to the contralateral side)
(right nasal hemianopsia and left upper temporal 
quadrant anopsia)

Lesion of the right Tractus opticus 
(left-sided homonymous hemianopsia)

Lesion of the right visual tract located 
anterior in the temporal lobe (left upper 
quadrant anopsia)

Sulcus calcarinus » < 0 Lesion of the complete right visual tract 
(left-sided homonymous hemianopsia)

Fig. 12.141 l\l. op ticus  [II] and v isua l tra c t. [23]
The visua l tra c t s ta rts  a t th e  re tina  w h ic h  co n ta in s  th e  f ir s t  th re e  p ro jec
tio n  n eu rons  and in te rn e u ron s  (horizonta l ce lls , am acrine  cells) 
(-*  Fig. 12.140).
Up to  40  rod  cells  tra n s m it th e ir  s igna ls to  a s ing le  rod  b ip o lar cell. 
From  here, th e  in fo rm a tio n  is tra n s m itte d  ind irec tly  th ro u g h  am acrine  
ce lls  (depending  on th e  lite ra tu re , to d a y  th e re  are 20  to  50  d iffe re n t 
ty p e s  described) to  g ang lio n  cells. Thus, an in tra re tina l chain o f fo u r 
neurons ex is ts  fo r  th e  rod ce lls . The  axons o f th e  gang lion  ce lls  run in 
th e  N. o p ticu s  to  th e  C hiasm a o p tic u m , w h e re  th e

fib re s  o f th e  nasal p a rt o f th e  re tina  c ross  to  th e  o p p o s ite  s ide  (red). The 
fib re s  o f th e  te m p o ra l part do  n o t c ross  (green).
D ire c tly  fo llo w in g  th e  ch iasm a is th e  T rac tus  o p ticu s  w h ic h  co n ta in s  th e  
fib re s  w ith  v isua l in fo rm a tio n  o f th e  contra la te ra l v isua l fie ld . The m a jo r 
part o f th e s e  fib re s  (Radix latera lis) synapse  in th e  C orpus g en icu la tum  
latera le  (CGL). S om e fib re s  (Radix m edia lis ) d ive rt b e fo re  reach ing  th e  
CG L and p ro je c t in to  th e  A rea p re te c ta lis , th e  C o llicu lus  supe rio r, and 
in to  th e  H ypo tha lam us. The GRATIO LET's op tic  rad ia tio n  (Radiatio 
optica ) o r ig ina tes  fro m  th e  C orpus gen icu la tu m  latera le  and p ro jec ts  
in to  th e  reg ion  around  th e  Su lcus ca lcarinus to  th e  areas 17 and 18 o f 
th e  ce rebra l co rte x  (Area striata).

C lin ica l R e m ark s
Lesions o f th e  N. o p ticu s  [II] a n te rio r to  th e  C hiasm a o p ticu m , e.g. 
caused  by  tra u m a tic  head and /o r brain  in jury, re su lt in b lindness 
o f th e  a ffe c te d  eye (-» Fig. 12.141).
Lateral les ions o f th e  N. o p ticu s  [II] a t th e  leve l o f  th e  Chiasm a op
tic u m  (righ t nasal f ib re s  have a lready crossed  to  th e  contra la te ra l 
side), e .g . caused by  a tu m o u r, re su lt in a righ t nasal h e m ia n o p 
sia and q u ad ra n t anopsia  o f th e  le f t upper te m p o ra l quadrant 
H  Fig. 12.141).
M ed ian  les ions  to  th e  Chiasm a o p ticu m , m o s tly  caused by  p itu i
ta ry  tu m o u rs , re su lt in a b item p o ra l hem ianopsia  (-» Fig. 12.141).

Les ions to  th e  T rac tus  o p ticu s  on th e  righ t s ide  (as e x e m p lif ie d  in 
th e  figu re ), e .g . caused  by a b leed ing , re su lt in le ft-s ide d  hom o n y
m o us  hem ianopsia  (-» Fig. 12.141).
Les ions o f th e  a n te rio r p o rtio n  o f th e  o p tic  rad ia tion  loca ted in th e  
te m p o ra l lobe on th e  righ t s ide  (as e x e m p lif ie d  in th e  figu re ), e.g. 
due  to  ischem ia , cause  anopsia o f th e  le ft-s ide d  upp e r quadrants 
(-» Fig. 12.141).
Les ions to  th e  e n tire  righ t o p tic  radia tion (as e x e m p lif ie d  in th e  
figure ), e .g . caused  by  a m ass b leed ing , re su lt in le ft-s ided  hom o
n ym ou s  hem ianopsia  (-» Fig. 12.141).
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Brain and Spinal Cord General -> M eninges and b lood supply

N. oculomotorius [III], N. trochlearis [IV], N. abducens [VI]

Nn. ciliares 
breves

N. ethmoidalis 
anterior Radix sensoria [nasociliaris] 

ganglii ciliaris

Radix sympathica 
ganglii ciliaris

N. oculomotorius [III], 
R. superior /

N. infraorbitalis Anulus tendineus 
communis [ZINN]

M. obliquus superior

M. levator palpebrae 
superioris

M. rectus superior

N. ciliaris longus 

Ganglion ciliare 

N. ethmoidalis posterior

N. frontalis

N. lacrimalis /  N. nasociliaris

N. ophthalmicus [V/1]

M. obliquus 
inferior

Radix parasympathica 
[oculomotoria] 
ganglii ciliaris

M. rectus lateralis; 
N. abducens [VI]

Ganglion pterygopalatinum Plexus cavernosus 

N. oculomotorius [III], R. inferior 

M. rectus medialis

N. oculomotorius 
[III]

N. trochlearis [IV]

A. carotis externa; 
Plexus caroticus 
internus

N. abducens [VI]

N. maxillaris [V/2] 

N. mandibularis [V/3]

Fig. 12.142 N n . o c u lo m o to riu s  [III], tro ch learis  [IV ] and abducens  
[V I], le ft s ide; la tera l v ie w ; o rb it opened, o rb ita l fa t b ody  re m ove d , th e  
M . re c tu s  la tera lis w a s  s e c tion e d  c lose  to  its  inse rtion  and d e fle c ted . 
The  N. o cu lo m o to riu s  [III] inne rva tes  th e  ex tra -ocu la r m u sc le s  w ith  th e  
e xcep tio n  o f th e  M . ob liq uu s  su pe rio r (N. tro ch le a ris  [IV]) and th e  M .

re c tu s  la tera lis (N. abducens [VI]). The  para sym p a th e tic  part o f th e  cra
nial nerve  III inne rva tes  th e  M . sp h in c te r pup illae  and th e  M . c ilia ris  (tw o  
in trao -cu lar m usc les).

- »  T  58c, d , f
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N. oculomotorius [III], N. trochlearis [IV], N. abducens [VI]

Brain -» Sections -» Cranial nerves -► Spinal cord

Nuclei nervi oculomotorii

Nucleus nervi trochlearis 

N. oculomotorius [III]

N. trochlearis [IV]

Nucleus nervi abducentis

N. abducens [VI]

N. ciliaris longus

Radix parasympathica [oculomotoria] ganglii ciliaris N. oculomotorius [III], R. inferior

Radix sensoria [nasociliaris] ganglii ciliaris
Nucleus accessorius 
nervi oculomotorii*

Efferent (motor) fibres 

Sympathetic fibres

Afferent (sensory) fibres 

Parasympathetic fibres

Fig. 12.143 Fibre q u a lities  o f th e  N n . o c u lo m o to riu s  [III], 
tro ch learis  [IV ], and abducens [V I], le ft side; lateral v iew .
The N . o c u lo m o to riu s  [III] co n ta in s  m o to r fib re s  (GSE) derived  fro m  
th e  N uc leus nervi o cu lo m o to rii fo r  th e  m a jo r p a rt o f ex tra -ocu la r m u s 
cles. In th e  o rb it, th e  nerve  d iv ides  in to  a R. su pe rio r to  innerva te  the  
M m . re c tu s  su pe rio r and leva to r pa lpebrae supe rio ris  and a R. in fe rio r 
fo r  th e  inne rva tion  o f th e  M m . re c tu s  m edia lis , re c tu s  in fe rio r, and ob li- 
quus in fe rio r. The N uc leus accessorius  nervi o cu lo m o to rii (EDINGER- 
W ESTPHAL) co n tr ib u te s  p a ra sym p a th e tic  fib re s  (G V E ) w h ic h  reach the  
G anglion cilia re  th ro u g h  th e  R. in fe rio r as w e ll as a Radix p a rasym pa th i
ca (ocu lom otoria ). In th e  Ganglion ciliare, preganglion ic  parasym pathetic

fib re s  synapse  o n to  postg an g lio n ic  neurons. The  p os tgang lion ic  
fib re s  p ro je c t a longs ide  th e  N n. c ilia res b reves to  th e  B u lbus oculi, 
trave rse  its  w a ll, and reach th e  in tra -ocu lar M m . c ilia ris  and sp h in c te r 
pupillae.
The  N . tro ch learis  [IV ] co n ta in s  m o to r fib re s  (GSE) fo r  th e  M . ob liquus 
su pe rio r fro m  th e  N uc leus nerv i troch lea ris  in th e  b ra ins tem .
The  N . abducens [V I] con ta ins  m o to r fib re s  (GSE) fro m  th e  N ucleus 
nervi a bducen tis  fo r  th e  M . re c tu s  latera lis.

*  E D IN G ER -W ESTPH AL nucleus

i- C lin ica l R e m a rk s ---------------------------------------
Lesions o f in d iv id u a l crania l nerves  th a t  in n e rv a te  ex tra -o cu lar  
m uscles lead to  th e  paralysis o f th e  co rrespond ing  extraocular m u s 
c les  w ith  re su ltin g  d ev ia tio ns  o f th e  eyeba lls . The  d ire c tio n  and ex
te n t o f th is  dev ia tion  o f th e  eye depends on th e  s tro n g e r ac tion  o f 
th e  still in tac t ex tra -orb ita l m u sc le s  (and co rrespond ing  in ta c t cranial 
nerve [s]) as opposed  to  th e  para lysed m uscle(s). For m o re  de ta ils  
-» page 113.

A  co m p le te  o c u lo m o to r nerve  paresis re su lts  in p tos is , m ydrias is , 
th e  inab ility  to  a ccom m o d a te , and a bu lbus p o in tin g  d o w n  and o u t
w a rd s  (d ow n  and out).
A n  abducens nerve  paresis is pa rticu la rly  fre q u e n t due  to  th e  long 
extradura l co u rse  o f th e  N. abducens [VI] and its  passage th rough  
th e  S inus cavernosus. W h e n  th e  p a tie n t is asked  to  m ove  th e  
a ffe c te d  eye  to  th e  te m p o ra l s ide , th e  bu lbus rem a ins  p o in ting  
s tra ig h t ahead s ince  th e  M . re c tu s  la te ra lis  is para lysed.
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Ganglion ciliare

N. ethmoidalis posterior

Nn. ciliares longi

Nn. ciliares breves

N. supraorbitalis

N.

N. infratrochlearis 

N. ethmoidalis anterior 

Rr. nasales interni

N. trigeminus [V]
R. meningeus recurrens 

N. nasociliaris 

N. lacrimalis 

Radix sensoria [nasociliaris] ganglii ciliaris 

N. frontalis

N. ophthalmicus
Ganglion trigeminale

Rr. temporales superficiales

Ganglion submandibulare

Nn. palatini major et minores

N. musculi tensoris veli palatini; 
N. pterygoideus medialis

N. trigeminus [V]

N. facialis [VII]

Chorda tympani

N. meatus acustici externi, 
Nn. auriculares anteriores

N. auriculotemporalis

R. meningeus 

Rr. parotidei;
Rr. communicantes cum nervi faciali 

N. petrosus minor (N. glossopharyngeus [IX])

N. musculi tensoris tympani 

Ganglion oticum 

N. mandibularis [V/3]

N. alveolaris inferior 

N. lingualis

R. nasales externus

N. pterygoideus lateralis; 
N. massetericus

N. buccalis

N. mentalis

Plexus dentalis inferior

N. maxillaris [V/2] 
R. zygomaticotemporalis — 

R. meningeus 
R. zygomaticofacialis 

N. zygomaticus 

N. canalis pterygoidei 

N. infraorbitalis

Ganglion 
pterygopalatinum

Rr. nasales 
posteriores superiores;

N. nasopalatinus

Rr. alveolares superiores

N. pharyngeus

Nn. temporales profundi

Fig. 12 .144  N. tr ig e m in u s  [V ], le ft side; la tera l v iew .
The  tr ig e m in a l nerve  [V] is th e  nerve  o f th e  f irs t pharyngea l arch and 
d iv ides  in to  th e  th re e  m ain branches: Nn. o ph tha lm icu s  [V/1] (b righ t 
g reen), m axillaris  [V /2] (orange), and m and ibu la ris  [V /3] (tu rquo ise). It 
m a in ly  carries genera l s o m a to -a ffe re n t (GSA) fib res , som e  specia l v is- 
c e ro -e ffe re n t (SVE) fib re s , and m o to r fib re s  (V/3).
The N . o p h th a lm icu s  [V /1 ]  inne rva tes  th e  eye  (inc lud ing  cornea and 
con junctiva), th e  skin  o f th e  upper eye lid , fo rehead , back o f th e  nose, 
th e  nasal and paranasal m ucosa . P a rasym pa the tic  f ib re s  innerva te  th e  
lacrim a l g land and assoc ia te  w ith  th e  periphera l course  o f th e  N. oph
th a lm icu s  [V/1].
The N . m ax illa ris  [V /2 ]  inne rva tes  th e  skin  o f th e  an te rio r te m p o ra l 
region  and th e  upp e r ch ee k  as w e ll as th e  skin  b e lo w  th e  eye. In add i

tio n , th is  nerve  p rov ides  senso ry  fib re s  to  th e  pala te, th e  te e th  o f th e  
upp e r ja w , th e  g ing iva, and th e  m ucosa  o f th e  S inus m axillaris.
The N . m an d ib u la ris  [V /3 ]  inne rva tes  th e  m a s tica to ry  m usc les , tw o  
m u sc le s  a t th e  flo o r  o f th e  m o u th  (M . m y loh yo id e u s  and V e n te r an te ri
o r o f th e  M . d igastricus), as w e ll as th e  M m . te n s o r ve li pa la tin i and 
te n s o r tym p a n i. It a lso co n tr ib u te s  se nso ry  b ranches to  th e  skin  o f th e  
p o s te rio r te m p o ra l reg ion , th e  cheek, and th e  ch in , and inne rva tes  th e  
te e th  and g ing iva  o f th e  lo w e r jaw . P a rasym pa the tic  fib re s  fo r  th e  large 
sa livary g lands as w e ll as ta s te  fib re s  fo r  th e  to n g ue  assoc ia te  w ith  
b ranches o f th e  N. m and ibu la ris  [V/3]. The  la tte r a lso p rov ides  sensory  
fib re s  fo r  th e  an te rio r tw o -th ird s  o f  th e  to ngue .

—► T 58e
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N. trigeminus [V]

N. lacrimalis

N. nasociliaris

N. frontalis

N. trigeminus [V]

N. infraorbitalis

Ganglion oticum

Efferent (motor) fibres 

Afferent (sensory) fibres 

Parasympathetic fibres

Nucleus mesencephalicus nervi trigemini

N. ophthalmicus [V/1] Nucleus motorius nervi trigemini

Ganglion ciliare

Nucleus pontinus 
nervi trigemini

N. maxillaris [V/2] Tractus et 
Nucleus spinalis 
nervi trigemini

Ganglion
pterygopalatinum

N. mandibularis [V/3]

N. linguali:

Ganglion submandibulare N. alveolaris inferior

Fig. 12 .145  Fibre q u a lities  o f th e  N . tr ig e m in u s  [V ], le ft side;
la tera l v iew .
N ucle i o f o rig in  and te rm in a l nuclei o f th e  N. tr ig e m in u s  [V] are the  
N uc leus m e sen ce p ha licu s  nerv i tr ig e m in i (som ato-sensory), th e  N u
c leus  p on tin u s  (sensorius p rincipa lis) nervi tr ig e m in i (som ato-sensory), 
th e  N ucleus sp ina lis  nerv i tr ig e m in i (general so m a to -a ffe ren t, GSA), and 
th e  N uc leus m o to riu s  nervi tr ig e m in i (spec ific  v isce ro -e ffe re n t, SVE). 
The N. tr ig e m in u s  [V] co ns is ts  o f a R ad ix  sensoria  (Portio  m ajor) and a

R adix m o to ria  (Portio  m inor). A fte r  e x itin g  th e  Pons, th e  trig em in a l 
nerve  passes o ve r th e  C livus and reaches th e  G anglion tr ig em in a le  
(Ganglion sem iluna re , c lin ica l te rm : G anglion GASSERI, co n ta in s  pseu
do-un ipo lar neurons w h ic h  p rov ide  th e  N ucle i p on tin u s  and sp ina lis  ner
vi tr ig e m in i w ith  p ro to pa th ic  and e p ic r itic  se nso ry  s tim u li)  and d iv ides 
in to  its th re e  m a in  b ranches Nn. o ph tha lm icu s  [V/1], m axilla ris  [V/2], 
and m and ibu la ris  [V/3].
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12 Brain and Spinal Cord General -> M eninges and b lood supply

N. trigeminus [V]

B ranches o f th e  N . o p h th a lm ic u s  [V /1 ]  (exclusively  s o m ato -e ffe re n t)

M a in  Branch M in o r  B ranches In n e rv a tio n  A rea

R. m e n in g e u s  recurrens  
[R. te n to riu s ]

pa rts  o f th e  m e n in g es

N. fro n ta lis N. suprao rb ita lis skin o f fo re h ea d  and m ucosa  o f th e  fro n ta l s inus

N. supra troch lea ris skin and con junctiva  at th e  nasal canthus

N. lacrim a lis lacrim a l g land (postgang lion ic  p a ra sym p a th e tic  f ib re s  fro m  th e  N. 
zyg om a ticu s  fo r  se c re to ry  inne rva tion  assoc ia te  w ith  th e  N. lacrim alis), skin 
and co nn e c tive  tis s u e  o f th e  nasal canthus

N. nasocilia ris (-►Table b e lo w ) nasal s inuses, a n te rio r p a rt o f th e  nasal ca v ity  and iris, C orpus c ilia re, cornea 
o f th e  eye  (-»Table be low )

B ranches o f th e  N . nasociliaris  (from  V /1 )  [14]

Branch Course In n e rv a tio n  A rea

Radix sensoria  gang lii c ilaris 
[R. c o m m u n ica n s  cum  
g ang lio  c ilia ri]

co n tr ib u te s  th e  senso ry  
c o m p o n e n t fo r  th e  G anglion 
c ilia re  w h ic h  gen e ra te s  the  
N n. c ilia res breves

B ulbus o cu li and its con ju n c tiva  (jo in tly  w ith  th e  Nn. c ilia res longi)

Nn. c ilia res  longi assoc ia te  w ith  th e  N. o p ticu s  
and course  w ith  th e  Nn. 
c ilia res b reves fro m  the  
G anglion c ilia re  to  th e  B u lbus 
ocu li; th e y  a lso conta in  
s y m p a th e tic  f ib re s  fro m  th e  
P lexus caro ticus

B u lbus o cu li and its  co n ju n c tiva ; th e  s y m p a th e tic  f ib re s  innerva te  th e  M . 
d ila ta to r pupillae

N. e th m o id a lis  p os te rio r passes th ro u g h  th e  iden tica lly  
nam ed fo ra m e n  to  reach the  
p o s te rio r e th m o id a l ce lls  and 
th e  spheno ida l s inus

m ucosa  o f th e  p o s te rio r e th m o id a l ce lls  and th e  spheno ida l s inus

N. e th m o id a lis  an te rio r passes th ro u g h  th e  iden tica lly  
nam ed fo ra m e n  back in to  th e  
a n te rio r cranial fossa , courses 
th ro u gh  th e  Lam ina cribrosa 
in to  th e  nasal cav ity ; ends in 
th e  Rr. nasales e x te rn i in th e  
sk in  o f th e  do rsum  o f th e  nose

m ucosa  o f th e  a n te rio r nasal ca v ity  and th e  a n te rio r e th m o id a l ce lls , skin  o f 
th e  do rsum  o f th e  nose

N. in fra troch le a ris courses  to  th e  nasal canthus 
in fe rio r to  th e  Trochlea

skin  o f th e  nasal can thus

B ranches o f th e  N . m ax illa ris  [V /2 ]  (exclusively  s o m a to -a ffe re n t)

M a in  Branch M in o r  B ranches In n e rv a tio n  A rea

R. m e n in g eu s parts  o f th e  m en inges

N. zyg om a ticu s R. z y g o m a tico te m p o ra lis skin  o f th e  te m p o ra l region

R. zygom a tico fa c ia lis skin  o f th e  upper ch ee k  reg ion ; fo r  th e  se c re to ry  innerva tion  o f th e  lacrim al 
g land, pos tg an g lio n ic  p a ra sym p a th e tic  fib re s  assoc ia te  w ith  th e  N. 
zyg om a ticu s  w h ic h  co n tr ib u te s  to  th e  N. lacrim a lis

Rr. g ang lionares  ad gang lion  
p te ryg op a la tin u m

(-*  Table, a t to p  o f  p. 305) c o n tr ib u te  se nso ry  fib re s  fo r  th e  G anglion p te ryg op a la tin u m , inne rva tion  o f 
palate and nose  (-» Table a t to p  o f p. 305), sym p a th e tic  and parasym pathet
ic f ib re s  fo r  th e  G landulae nasales and pala tinae (specia l v isce ro -e ffe re n t) 
and ta s te  fib re s

N. in frao rb ita lis Nn. a lveo lares  su pe rio res  
w ith  Rr. a lveo lares  supe rio res  
p os te rio re s , m e d ii and 
an te rio re s

m ucosa  o f th e  m ax illa ry  s inus , te e th  o f th e  upper ja w  and co rrespond ing  
g ing iva

w ith skin and C on junctiva  o f th e  lo w e r eye lid , latera l skin  area o f th e  nasal w in g s , 
skin  o f upp e r lip and lateral cheek reg ion  b e tw e e n  lo w e r eye lid  and upper lip

304



Brain -► Sections -> Cranial nerves -► Spinal cord

N. trigeminus [V]
B ranches o f th e  Rr. gang lio nares  ad gang lio n  p te ry g o p a la tin u m  (from  V /2 )  [14]

Branch Course In n erva tio n  Area

N. pa la tinus m a jo r passes across th e  C analis pa la tinus 
m a jo r and th ro u g h  th e  Foram en 
p a la tinum  m ajus

m ucosa  o f th e  hard pala te, G landulae pa latinae, pa la tine  ta s te  buds

Nn. pa la tin i m ino res e x it th e  Canalis pa la tinus  m a jo r 
th ro u gh  th e  Foram ina palatina 
m inora

m ucosa  o f th e  s o ft palate, Tonsilla  palatina, G landulae palatinae, 
pa la tine  ta s te  buds

Rr. nasales pos te rio res  
supe rio res  la tera les e t 
m ed ia les

pass th ro u g h  th e  Foram en 
sphe n o pa la tinu m  in to  th e  
nasal ca v ity  and branch o f f  th e  N. 
nasopa la tinus w h ic h  reaches the  
hard palate th ro u gh  th e  Canalis 
inc is ivus

m ucosa  o f th e  nasal conchae , nasal s e p tu m , m ucosa  o f th e  an te rio r 
p a rt o f th e  hard pala te, upper inc iso rs  and G ingiva, G landulae nasales

B ranches o f th e  N . m an d ib u la ris  [V /3 ]  (s o m ato -a ffe re n t and v iscero -e ffe ren t)

M a in  Branch M in o r Branches In n e rv a tio n  Area

R. m en in g eu s parts  o f th e  m en inges

N. m asse te ricu s M . m a sse te r

Nn. te m p o ra le s  p ro fund i M . te m p o ra lis

N. p te ryg o id eu s  latera lis M . p te ryg o id eu s  la tera lis

N. p te ryg o id eu s  m ed ia lis M . p te ryg o id eu s  m edia lis

N. m u scu li te n so ris  
ve li pa la tin i

M . te n s o r ve li pa la tin i

N. m uscu li te n so ris  tym p a n i M . te n s o r tym p a n i

N. bucca lis skin  and m ucosa  o f th e  ch ee k  and g ing iva  o f th e  lo w e r ja w

N. a u ricu lo tem pora lis Rr. paro tide i assoc ia ted  postg an g lio n ic  p a ra sym p a th e tic  fib re s  fro m  th e  Ganglion 
o ticu m  inne rva te  th e  paro tid  g land

Rr. c o m m u n ica n te s  cum  
nervo  facia li

associa ted  postg an g lio n ic  p a ra sym p a th e tic  fib re s  fro m  th e  Ganglion 
o ticu m  inne rva te  th e  paro tid  g land

N. m e a tu s  acus tic i ex te rn i ex te rna l a cou s tic  m e a tu s , ty m p a n ic  m e m bra n e

Nn. auricu la res  an te rio res skin  a n te rio r to  th e  auric le

Nn. te m p o ra le s  su pe rfic ia les skin  o f th e  p o s te rio r te m p o ra l region

N. lingualis Rr. is th m i fa u c iu m m ucosa  o f th e  s o ft palate

N. sub lingua lis m ucosa  o f th e  flo o r  o f th e  m outh

se nso ry  innerva tion  o f th e  an te rio r tw o -th ird s  o f th e  to n g ue , ta s te  
fib re s  o f th e  a n te rio r tw o -th ird s  o f th e  to ngue , assoc ia tion  o f p re
gang lion ic  p a ra sym p a th e tic  f ib re s  derived  fro m  th e  Chorda tym p a n i 
fo r  th e  G anglion subm and ibu la re

N. a lveo laris  in fe rio r te e th  and G ingiva o f th e  lo w e r ja w

N. m y loh yo id e u s M . m y loh yo id e u s  and V e n te r a n te rio r o f th e  M . d igas tricus

N. m e n ta lis skin  o f th e  ch in
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Brain and Spinal Cord

N. trigeminus [V]

General -> M eninges and b lood supply

N. ophthalmicus [V/1]

N. maxillaris [V/2]

N. mandibularis [V/3]
Fig. 12.146 In n e rv a tio n  areas o f th e  facia l skin , e x it po in ts  fo r  
nerves, and p ro to p a th ic  sensib ility .
O n th e  le f t s ide  o f th e  face , th e  so m a to to p ic  o rde r o f th e  p ro topa th ic  
s e n s ib ility  is d em o n s tra te d . The r ig h t s ide  o f th e  face  s h o w s  th e  inner
va tion  areas and e x it p o in ts  fo r  th e  th re e  b ranches o f th e  trigem ina l 
nerve.

SOELDER's lines

i- C lin ica l R e m a rk s ---------------------------------------
O fte n  les ions o f th e  N . tr ig e m in u s  [V ] are assoc ia ted  w ith  d e fic i
enc ies  in b lood  supp ly , w ith  se le c tive  o r partia l nuc lea r areas ra the r 
than  th e  co m p le te  N. tr ig e m in u s  [V] be ing  a ffe c te d . These  les ions 
can fo r  exam p le  m a n ife s t as an ipsila te ra l pa lsy o f th e  m a s tica to ry  
m u sc le s  o r a s e le c tive  loss o f th e  e p ic r itic  se nso ry  qua lity . The  af
fe re n t f ib re s  w ith  p ro to pa th ic  s e n s ib ility  reach th e  N uc leus sp ina lis

nerv i tr ig e m in i in a so m a to to p ic  o rde r (-* Fig. 12.146). A  d e fin e d  seg 
m e n t o f th e  N uc leus sp ina lis  nervi tr ig e m in i inne rva tes  a co nce n tric  
area o f th e  facia l sk in . To assess th e  e x te n t o f a nuc lea r les ion , one 
can te s t th e  p ro to pa th ic  s e n s ib ility  a long  th e  co nce n tric  SOELDER's  
lines.

Fig. 12.147 Z o ste r op h th a lm icu s . [16]
P a tien t w ith  Z o s te r o ph tha lm icu s  (skin in th e  innerva tion  area o f th e  
f irs t tr ig e m in a l branch is a ffe c te d  by  th e  in fec tio n  w ith  varice lla  zo s te r 
v irus , facia l he rpes  zoster). The in v o lv e m e n t o f th e  su rface  ep ith e liu m  
o f th e  eye (Cornea and C on junctiva) is p a rticu la rly  dangerous (risk o f 
b lindness) and pa in fu l. The  redness o f th e  con junctiva  and th e  
na rro w in g  o f th e  eye lids  are c lea rly  v is ib le .

i- C lin ica l R e m a rk s ---------------------------------------
Loss o f s e n s ib ility  in th e  innerva tion  area o f a tr ig e m in a l b ranch sug 
g es ts  a p erip h era l lesion o f th e  nerve . For th e  N. o ph tha lm icu s  [V/1 ] 
and th e  N. m axilla ris  [V /2] po te n tia l causes are  a cavernous s inus 
th ro m b o s is  (-» p. 223), tu m o u rs  o f th e  cranial base, and sku ll fra c 
tu re s . S ensory  d e fic ie n c ie s  in th e  region  o f th e  m a nd ib le  o r para lysis 
o f m a s tica to ry  m u sc le s  o fte n  have an ia trogen ic  cause  (dental w ork). 
The  fre q u e n t and still n o t fu lly  unde rs tood  tr ig e m in a l neura lg ia  pre
se n ts  w ith  h y p e rse n s itiv ity  o f th e  N. tr ig e m in u s  [V] and paroxysm a l

ep isodes o f in tense , s tabb ing  pain in th e  se nso ry  inne rva tion  area o f 
th e  a ffe c te d  tr ig e m in a l b ranch. Even lig h t to u ch  o f th e  area o f the  
co rrespond ing  e x it p o in t o f th e  branch (-» Fig. 12.146) can tr ig g e r 
pain.
In fe c tio n s  o f th e  f ir s t  tr ig em in a l branch by varice lla  zo s te r v irus  
(-► Fig. 12.147) can cause  a p os t-zo s te r neura lg ia  o f th e  N. o ph tha l
m icu s  [V/1], kn ow n  as herpes zo s te r oph tha lm icus .
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N. facialis [VII]

N. facialis [VII]

«

Fissura
sphenopetrosa

Membrana
tympanicaA. carotis 

interna

Chorda tympani

Ganglion geniculi 

M. stapedius, Tendo 

Stapes

M. tensor tympani, Tendo 

Incus

N. petrosus minor 

Malleus

N. petrosus major

M. tensor tympan

Semicanalis musculi 
tensoris tympani

Tuba auditiva [auditoria], 
Pars ossea

A. carotis interna

Tuba auditiva [auditoria], 
Pars cartilaginea

N. stapedius

N. facialis [VII]

R. stylohyoideus

R. digastricus

Chorda tympani

Proc. mastoideus

Foramen
stylomastoideum

N. auricularis posterior

M. digastricus, Venter posterior

Fig. 12.148 Course o f th e  N . fac ia lis  [V II]; ve rtica l se c tion  th ro u gh  
th e  C analis fac ia lis ; v ie w  fro m  th e  le f t s ide.
A p p ro x im a te ly  1 cm  a fte r th e  N. fac ia lis  [V II] e n te rs  th e  pe trosa l part o f 
th e  te m p o ra l bone th ro u g h  th e  Porus a cus ticu s  in te rn u s  (no t show n), 
th e  nerve  m akes a sharp bend , kn ow n  as th e  ex te rna l genu  o f th e  fa c i
al nerve . Here, th e  G anglion g en icu li is loca ted . The  m ain s te m  o f th e

r- C lin ica l R e m a rk s ---------------------------------------

The c lose  to p o g ra p h ic  re la tionsh ip  b e tw e e n  th e  C analis fac ia lis  and 
th e  ty m p a n ic  ca v ity  p u ts  th e  N. fac ia lis  [V II] a t risk during  p e trous  
bone  fra c tu re s , m idd le  ear and m as to id  in fe c tio n s , and su rg ica l in te r
v e n tio n s  invo lv ing  th e  m idd le  and inne r ear. The  s y m p to m s  depend  
on th e  loca tion  o f th e  les ion . Lesions lo cated  close to  or a n te rio r  
to  th e  G ang lio n  gen icu li re su lt in para lysis o f all m im ic  m usc les . 
Fu rthe rm ore , th e  M . s ta p e d iu s  is para lysed (hyperacusis) and gus
ta to ry  im pa irm en t, d im in ish e d  te a r p rod u c tio n  as w e ll as reduced 
nasal and sa livary se c re tio n  occur.
If th e  lesion locates  b e lo w  th e  b ranch ing  p o in t o f th e  N . s tap e 
dius, para lysis o f th e  m im ic  m u sc le s  o ccurs  and th e  Chorda tym pan i

facial nerve  runs w ith in  a bony canal to w a rd s  th e  Foram en s ty lo m as
to id e u m . A lon g  its  w a y  th ro u g h  th e  p e tro us  bone , th e  N. fac ia lis  [VII] 
re leases th e  Nn. p e tro su s  m a jo r, s taped ius , and th e  Chorda tym p a n i 
( -  Table, p. 310).

—» T 58g

fib re s  fo r  ta s te  and g landu la r se c re tio n  are a ffe c te d . Iso la ted  in ju 
ry to  th e  Chorda tym p a n i is p oss ib le  during  m idd le  ear in fec tio n s  
( - *  p. 147) o r su rg ica l p roce d u res  co nd u c te d  in th e  m idd le  and inne r 
ear because o f its  u np ro te c te d  co u rse  b e tw e e n  th e  M a lle us  and In
cu s  in th e  ty m p a n ic  ca v ity  o f th e  m idd le  ear.
The b ig g e s t p rob lem  in p a tie n ts  w ith  periphera l fac ia l pa lsy is 
la g o p h th a lm o s  (due to  th e  para lysis o f th e  M . o rb icu la ris  ocu li, the  
eye ca n n o t be c losed  p rope rly ; -» Fig. 12.151c) causing  th e  cornea 
to  d ry  o u t (b lindness due to  lack o f b link ing  and reduced  p roduction  
o f lacrim a l flu id ).
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. Ganglion geniculi
N. petrosus profundus (Plexus caroticus internus)

N. petrosus major

N. canalis

Ganglion pterygopalatinum

M. occipitofrontalis, Venter frontalis

M. orbicularis oculi 

M. corrugator supercilii

N. facialis [VII]

M. occipitofrontalis, 
Venter occipitalis

M. nasalis

N. stapedius 
Chorda tympani

M. depressor septi nasi 

M. levator anguli oris

N. auricularis posterior,
R. occipitalis

facialis [VII] 

auricularis posterior, R. auricularis

M. orbicularis oris Foramen stylomastoideum

M. depressor labii inferioris

Glandula sublingualis

M. stylohyoideus

Mm. auriculares

M. stapedius

Meatus acusticus internus

N. intermedius

M. zygomaticus major 

M. zygomaticus 
M.

M. levator labii superioris

M. levator labii superioris 
alaeque nasi

M. depressor anguli oris N. auricularis posterior

M.

M. buccinator
N. glossopharyngeus [IX] 

M. digastricus, Venter posterior

Glandula

Chorda tympani 

lingualis (V/3) 

Ganglion submandibulare

Terminal motor branches
1 Rr. temporales
2 Rr. zygomatici
3 Rr. buccales
4 Rr. marginales mandibulae
5 Rr. colli

Fig. 12.149 N . fac ia lis  [V II], le ft side; la tera l v iew .
The N. fac ia lis  [VII], th e  N. in te rm e d iu s  (a part o f th e  N. fac ia lis  [VII] bu t 
o fte n  v ie w e d  as a separa te  nerve), and th e  N. ve s tibu lo coch lea ris  [VIII] 
jo in tly  e x it th e  c e reb e llo p on tin e  angle. S h o rtly  th e re a fte r, th e  N. in te r
m e d iu s  and N. fac ia lis  [VII] un ite . The  N. fac ia lis  [VII] and N. ve s tib u lo 
coch lea ris  [VIII] p ro je c t to w a rd s  th e  p e tro us  p a rt o f th e  te m p o ra l bone 
and e n te r th e  bone th ro u g h  th e  Porus and th e  M e a tu s  acus ticu s  in te r- 
nus. Upon re lease  o f th e  N n. coch lea ris  and ves tibu la ris , th e  N. fac ia lis  
[VII] e n te rs  th e  Canalis fac ia lis  {-» a lso Fig. 12.153). H ere  th e  facial 
ne rve  m akes a p os te rio r in fe rio r tu rn  in an a lm o s t r ig h t ang le  (external

genu  o f th e  facia l nerve ; - *  Fig. 12.148). The Ganglion gen icu li is loca t
ed  ju s t p rio r to  th e  loca tion  o f th e  tu rn  o f th e  facia l nerve . A long  its 
co u rse  w ith in  th e  Canalis fac ia lis , th is  cranial nerve  p rov ides  a n um b e r 
o f b ranches (-* Table, p. 310). U pon e x iting  th e  cranial base th ro u gh  th e  
Foram en s ty lo m a s to id e u m , th e  facia l nerve  tu rn s  rostra l, p rov ides  add i
tiona l b ranches, and th e n  e n te rs  th e  G landula paro tidea. Here, th e  
nerve  d iv ides  in to  its  te rm ina l m o to r b ranches (P lexus in trapa ro tideus; 
-» Table, p. 310).

—► T 58g
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N. facialis [VII]

Rr. temporales

Rr. buccales

Meatus acusticus internus

Ganglion pterygopalatinum

Nucleus nervi facialis

Rr. zygomatici

Nucleus tractus solitarii

Nucleus spinalis nervi trigemini

Chorda tympani Nucleus salivatorius superior

N. auricularis posterior, 
R. auricularis

N. petrosus profundus [Radix sympathica ganglii pterygopalatini] 
(Plexus caroticus internus) N. petrosus major [Radix parasympathica ganglii pterygopalatini]

N. canalis pterygoidei [VIDIANUS]

Plexus caroticus internus

N. lingualis

Rr. marginales mandibulae

Ganglion submandibulare Efferent (motor) fibres 

Efferent (sensory) fibres 

Spinal fibres 

Sympathetic fibres 

Parasympathetic fibres

Rr. colli

Fig. 12 .150  Fibre q u a lities  o f th e  N . fac ia lis  [V II] , le ft side; lateral 
v iew .
The N. fac ia lis  [VII] is th e  nerve  o f th e  second  pharyngea l arch and has 
severa l d if fe re n t fib re  qua lities.
Its m o to r  fib re s  (special v isce ro -e ffe re n t, SVE) derive  fro m  th e  N u 
cleus nervi facialis . These  fib e rs  course  around  th e  N uc leus nerv i ab- 
duce n tis  in a p o s te rio r arch (interna l genu o f th e  facia l nerve). The upper 
part o f th e  nuc le u s  co n ta in s  th e  neurons fo r  th e  inne rva tion  o f th e  
m im e tic  m u sc le s  fo r  th e  fo re h ea d  and ex te rna l o rb it, w h e re a s  the  
lo w e r p a rt o f th e  nuc leus harbours th e  neurons inne rva ting  all m im ic  
m u sc le s  loca ted  b e lo w  th e  eye. The  upper nuc lea r p o rtion  rece ives 
dou b le  inne rva tion  fro m  both  co rtica l h e m isp h e re s  (-» Fig. 12.152). 
Thus, it rece ives  c o rticon u c lea r fib re s  fro m  th e  ips ila te ra l and con tra 
latera l s ides . By co n tra s t, th e  lo w e r p o rtion  o f th e  N uc leus nervi facia lis 
exc lu s ive ly  rece ives  c o rticon u c lea r fib re s  fro m  th e  contra la te ra l s ides. 
P reg anglion ic  p a ras y m p a th e tic  fib res  derive  fro m  th e  N ucleus  sali
v a to riu s  s uperio r (general v isce ro -e ffe re n t, GVE). They run w ith  the  
in te rm e d iu s  part across th e  N. fac ia lis  [VII], co u rse  via th e  N. pe trosus

m a jo r to  th e  G anglion p te ryg op a la tin u m  o r assoc ia te  w ith  th e  Chorda 
tym p a n i and reach th e  G anglion su bm and ibu la re  via th e  N. lingualis 
(from  V/3). Synapsing  o n to  th e  p os tgang lion ic  fib re s  o ccurs  in these  
ganglia. These  p o stg an g lio n ic  fib re s  p ro je c t in to  th e  lacrim al, nasal 
and pa la tine  g lands, and in to  th e  G landulae sub lingua lis  and subm and i- 
bu la ris  (-» N. tr ig e m in u s  [V], p. 302).
Specia l v is c e ro -a ffe re n t (SVA) fib re s  o f th e  an te rio r tw o -th ird s  o f th e  
to n g u e  fo r  th e  pe rce p tio n  o f ta s te  p ro je c t in to  th e  upper part o f th e  
N ucleus  trac tu s  so lita rii. T hese  fib re s  reach th e  N. fac ia lis  [V II] via th e  
N. lingualis and Chorda tym p a n i and th e n  e n te r th e  b ra ins tem . 
G eneral s o m a to -a ffe re n t f ib re s  (GSA) fro m  th e  p os te rio r w a ll o f th e  ex
te rna l a cou s tic  m e a tu s  and partia lly  fro m  beh ind  th e  ear, th e  auric le, 
and th e  ty m p a n ic  m e m bra n e  jo in  th e  N. vagus [X] (R. co m m un ica ns  
nervi vagi) fo r  a s h o rt d is tance . H o w e ve r, th e s e  GSA fib re s  separa te  
fro m  th e  vagus nerve  w h ile  s till in th e  Pars pe trosa  and assoc ia te  w ith  
th e  N. fac ia lis  [VII]. The  perikarya o f b o th  th e  GSA fib re s  and th e  g us ta 
to ry  fib re s  loca te  in th e  G anglion gen icu li. They reach th e  N uc leus sp i
nalis nerv i tr ig e m in i via th e  in te rm e d iu s  part o f th e  N. fac ia lis  [VII].
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B ranches o f th e  N . fac ia lis  [V II] [28]

Branch Course In n e rv a tio n  A rea

N. p e tro su s  m a jo r 
[R adix parasym path ica  
p te rygopa la tin i]

e x its  th e  fac ia l nerve  a t th e  exte rna l genu o f th e  N. fac ia lis  [VII] and 
courses  th ro u gh  th e  Canalis nervi p e tro s i m a jo ris  in to  th e  m idd le  
cranial fossa ; passes th ro u gh  th e  Foram en lace rum  to  e n te r th e  
C analis p te ryg o id eu s . Here, it fo rm s  th e  N. canalis p te ryg o id e i 
to g e th e r w ith  th e  s y m p a th e tic  N. pe tro sus  p ro fu nd u s , w h ic h  then  
p ro je c ts  to  th e  G anglion p te ryg op a la tin u m  (synapses o f 
pa ra sym p a th e tic  fib res )

G V E  (via b ranches o f th e  N. m axillaris  
[V/2]): G landulae lacrim a lis, nasales, 
pa la tinae, pharyngea les 
S V A  (via b ranches o f th e  N. m and ibu la ris  
[V/3]): ta s te  buds o f th e  palate

N. s taped ius e x its  in th e  lo w e r part o f th e  Canalis fac ia lis SVE: M . s taped ius

Chorda tym p a n i s h o rtly  b e fo re  th e  d is ta l end o f th e  Canalis fac ia lis  it engages in a 
re trograde  co u rse  th ro u g h  its  o w n  b ony  canal to  e n te r th e  tym p a n ic  
cav ity , w h ic h  it tra ve rses  fre e ly  b e tw e e n  M anu b rium  m a lle i and 
C rus lon g u m  o f th e  incus beh ind  th e  ty m p a n ic  m e m bra n e ; a fte r 
passing  th ro u g h  th e  Fissura pe tro tym p an ica , it assoc ia tes  w ith  th e  
N. lingualis  (from  V/3)

G V E  (via th e  N. lingualis, synaps ing  in th e  
G anglion subm and ibu la re ): G landulae 
subm and ibu la ris  and sub lingua lis  
S V A  (via N. lingualis): an te rio r tw o -th ird s  o f 
th e  to n g ue

N. auricu la ris  p os te rio r b ranches o f f  s h o rtly  a fte r  e x iting  th e  C analis fac ia lis SVE: M . o cc ip ito fro n ta lis , m u sc le s  o f th e  
o u te r ear

R. d igas tricus  and R. 
s ty lo hyo id eu s

sm a ll b ranches to  th e  m u sc les SVE: M . d igas tricus , V e n te r pos te rio r, 
M . s ty lo hyo id eu s

P lexus in trapa ro tideus branches w ith  m o to r fib re s  to  th e  m im ic  m u sc le s  d iv ide  th e  
G landula paro tidea  in to  a Pars te m p o ro fac ia lis  and a Pars 
ce rv ico fac ia lis ; th e se  m o to r b ranches subd iv ide  in to  fiv e  te rm ina l 
b ranches: Rr. te m p o ra le s , Rr. zygom atic i, Rr. bucca les, Rr. 
m arg ina les  m and ibu lae , R. co lli (or Rr. co lli, -» Fig. 8 .81)

SVE: m im ic  m usc les , inc lud ing  
M . b u cc in a to r and p la tysm a

Figs. 12.151a to  e P eriphera l paralysis  o f th e  INI. facia lis  [V II], 
r ig h t side.
a A d m iss io n  s ta tu s  o f th e  pa tie n t. Skin fo ld s  on th e  r ig h t s ide  o f th e  

face  have d isappeared, 
b W h e n  th e  p a tie n t is asked  to  ra ise th e  e ye b ro w s , o n ly  th e  le f t s ide 

o f th e  fo rehead  d isp lays  w r in k le s  (para lysis o f th e  M . o cc ip ito fro n ta - 
lis, ev id e n ce  fo r  a periphera l facia l palsy), 

c W h e n  th e  p a tie n t is asked  to  s h u t b o th  eyes, th is  is n o t a ccom 
p lished  a t th e  s ide  o f th e  dam aged  fac ia l nerve  (lagophtha lm os).

W h e n  eye lids  are c losed , th e  eyeball au to m a tica lly  tu rn s  upw ards. 
D ue to  th e  inab ility  to  c lose  th e  eye p rope rly , th e  w h ite  sclera o f the  
eye b eco m e s v is ib le  a t th e  s ide  o f facia l palsy (B E LL 's  p he n o m 
enon).
W h e n  th e  p a tie n t is asked  to  w rin k le  his nose th is  is im po ss ib le  on 
th e  righ t s ide o f th e  face.
W h e n  th e  p a tie n t is asked to  w h is tle , no  to n e  is p roduced  b u t th e  air 
escapes th ro u gh  th e  lips a t th e  para lysed side.

i- C lin ica l R e m a rk s ---------------------------------------
C en tra l fac ia l pa lsy (also nam ed lo w e r fac ia l palsy) is caused  by  a 
supranuc lear lesion (lesion o f th e  co rticon u c lea r fib re s , e .g . th rough  
in fa rc tion  in th e  Capsula interna). In c o n tra s t to  an in franuc lea r lesion 
and due to  th e  b ila te ra l inne rva tion  o f th e  m im ic  m u sc le s  o f  th e  eye 
and fo rehead , o n ly  th e  lo w e r contra la te ra l p a rt o f th e  face  d isp lays 
m o to r d e fe c ts  (-» Fig. 12.152).
A n  in fran u c lear lesion (in fe rio r to  th e  fac ia l nucleus), e.g. caused 
by  a m a lignan t p a ro tid  tu m o u r, re su lts  in th e  para lysis o f all m o to r

b ranches o f th e  N. fac ia lis  [V II] on  th e  a ffe c te d  s ide (periph era l fa 
cial palsy).
An acousticus n e u rin o m a  (-» p. 313) d e rives  fro m  S C H W A N N 's  
ce lls  o f th e  N. ve s tibu lo coch lea ris  [VIII] o r  th e  N. fac ia lis  [VII]. 
S ooner o r later, th is  s lo w ly  g ro w in g  ben ign  tu m o u r w ill d isp lace  and 
dam age both  nerves. A  periphera l fac ia l palsy re su lts  and all to p o d i- 
a gn o s tic  te s ts  (-♦ p. 311) are nega tive . The  d iagnos is  is conc luded  
by  M R I o r CT im ag ing .
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N. facialis [VII]

facialis [VII]

Rr. zygomatici

Rr. temporales

Central (supranuclear) lesion 
(loss of 1st motor neuron)

Gyrus precentralis

Fibrae

Nucleus nervi facialis 

Ganglion geniculi 

N. stapedius

auricularis posterior

Nucleus nervi facialis

N. facialis

Peripheral (intranuclear) 
lesion (loss of 
1sl motor neuron)

Rr. marginales mandibulae

Rr. buccales

R. colli

Fig. 12 .152  C orticonu clear conn ectio ns  and p erip h era l course of 
th e  N . fac ia lis  [V II]. (accord ing  to  [2])
On th e  le f t s ide , th e  centra l co n n e c tio n s  to  th e  N uc leus nerv i fac ia lis  
are s h o w n  in a s im p lifie d  sch e m a tic  re p re se n ta tion . The  co rticon u c lea r 
tra c ts  to  th e  upp e r p a rt o f th e  nuc leus (fo r Rr. te m p o ra le s ; green) derive

fro m  b o th  hem isp h e re s . The lo w e r part o f th e  nuc leus (fo r Rr. zygom a
tic i, bucca les, m arg ina les  m and ibu lae , and R. co lli) co nn e c ts  e xc lus ive ly  
w ith  th e  contra la te ra l h em isp h e re  (red).
On th e  righ t s ide , th e  periphera l e ffe re n t f ib re s  (SVE) derived  fro m  th e  
upper and lo w e r part o f th e  N uc leus nervi fac ia lis  are sh ow n .

r- C lin ica l R e m a rk s ---------------------------------------

Loca lization  o f th e  Lesion in P eriphera l Facial Palsy
W ith  th e  a d ve n t o f m ode rn  high reso lu tion  im ag ing  p rocedu res , th e  
im po rta n ce  o f c lassica l to p o d ia gn o s tic  p rocedu res  has d im in ished  
because o f th e ir  unsp e c ific  and lo w  p ro g n o s tic  va lue  w h e n  co m 
pared to  e le c tro d ia g n o s tic  p rocedu res. H o w e ve r, th e  ind iv idua l te s t 
has c lin ica l re levance.
•  The  S C H IR M E R 's  te s t p rov ides  in fo rm a tio n  a bo u t th e  norm a l p ro

d uc tio n  o f lacrim a l flu id  (-» Fig. 9.27).

•  The s taped ius  re fle x  te s t d e te rm in e s  th e  fu n c tio n  o f th e  N. s tape
d ius.

•  G u s to m e try  (te s tin g  ta s te  pe rcep tion ) assesses th e  fu n c tio n a lity  
and in tac tn ess  o f th e  Chorda tym pan i.

•  N erve e xc ita b ility  te s ts  a llo w  th e  e lec trica l s tim u la tio n  o f m im ic  
m usc les .

•  The d iffe re n c e  o f th e  co nd u c tio n  v e lo c ity  o f e lec trica l po ten tia ls  
on  th e  h ea lthy  and dam aged  s ide  is d e te rm in e d  by  e le c tro n e u 
rography.

S ite  o f th e  Lesion Topod iagnostic  Procedure C ause o f Lesion

in fe r io r to  th e  nuc lea r area w ith in  th e  
b ra ins tem

M R I, CT, S C H IR M E R 's  te s t (functiona l te s t 
fo r  th e  lacrim a l gland)

e.g. a cou s ticu s  neurinom a

a fte r N. pe tro sus  m a jo r has branched  o ff s ta p e d iu s  re fle x  te s t e.g. o tit is  m edia

a fte r Chorda tym p a n i has branched  o ff g u s to m e try  (te s tin g  ta s te  pe rcep tion ) e.g. o tit is  m edia

a fte r passing  th ro u g h  th e  Foram en 
s ty lo m a s to id e u m

te s tin g  facia l m o to r fu n c tio n s e.g. m a lignan t paro tid  tu m o u r
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N. vestibulocochlearis [VIII]

Medulla oblongata

Pedunculus cerebellaris inferior '

Ampulla membranacea 
lateralis

N. petrosus major [Radix parasympathica ganglii pterygopalatini] 

Ganglion spirale cochleae

N. vestibularis

N. cochlearis

N. facialis [VII]

Incus

Meatus acusticus internus

Ampulla membranacea 
anterior

Utriculus 

Ampulla membranacea posterior

Pars superior 

Pars inferior
N. vestibularis

N. facialis [VII], Geniculum

Cavitas tympani

Chorda tympani

Caput mallei

Fig. 12.153 N. ves tibu lo co ch learis  [V III], course in th e  Pars p e tro -
sa o f th e  Os te m p o ra le ; su pe rio r v ie w ; th e  Pars pe trosa  has been 
opened.
The  N . cochlearis  is co m po se d  o f nerve  fib re s  g ene ra ted  in th e  organ 
o f CORTI o f th e  coch lea . The perikarya  o f th e se  fib re s  are loca ted  in th e  
G anglion sp ira le  coch leae  w ith in  th e  m o d io lu s  (b ipo lar neurons) and th e  
centra l axons fo rm  th e  N. coch lea ris . The  v e s tib u la r organ also 
posse sse s  b ipo la r neu rons. L ike th e  coch lea r neurons, th e y  rece ive  
se nso ry  in p u t fro m  hair ce lls . T h e ir perikarya res ide  in th e  G anglion ves- 
tib u la re  w h ic h  is loca ted  a t th e  flo o r  o f th e  in terna l a cou s tic  m eatus. 
The  ce n tra l neuronal p ro je c tio ns  fo rm  th e  N . ves tibu la ris . The nerve

m erges  w ith  th e  N. coch lea ris  to  fo rm  th e  N. ve s tibu lo coch lea ris  [VIII] 
(c lin ica lly fre q u e n tly  re fe rred  to  as N. s ta toacus ticus ) a t th e  M e a tu s  acu
s ticu s  in te rn u s  and e n te rs  th e  b ra ins tem  a t th e  c e reb e llo p on tin e  angle. 
A lso  d em o n s tra te d  is th e  course  o f th e  N. fac ia lis  [VII] in th e  interna l 
a coustic  m e a tu s  and th e  C analis fac ia lis . In add ition , th e  G anglion gen i- 
cu li, th e  separa tion  o f th e  N. pe tro sus  m a jo r and th e  course  o f th e  
N. fac ia lis  [VII] in th e  tym p a n ic  ca v ity  are sh ow n . The  Chorda tym pan i 
runs b e tw e e n  th e  M a lle us  and th e  Incus.
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N. vestibulocochlearis [VIII]

N. vestibulocochlearis [VIII]

Nucleus vestibularis medialis [SCHWALBE]

Nucleus vestibularis superior [BECHTEREW]

Nucleus vestibularis inferior [ROLLER]

N. vestibularis Ganglion spirale cochleae

N. cochlearis

Nucleus cochlearis posterior

Nucleus vestibularis lateralis [DEITERS] Afferent (sensory) fibres

Nucleus cochlearis anterior
vestibuläre

N. vestibularis, 
Pars superior

N. vestibularis, 
Pars inferior

Fig. 12 .154  Fibre q u a lities  o f th e  N . vestibu lo co ch learis  [V III];
supe rio r v ie w ; Pars pe trosa  o f th e  Os te m p o ra le  has been opened.
The inn e r hair ce lls  o f th e  organ o f CORTI and hair ce lls  o f th e  se m ic ir
cu la r canals as w e ll as u tric le  and saccule  o f th e  v e s tibu la r appara tus 
tra n s m it se nso ry  in fo rm a tio n  to  th e  s p e c ific  s o m a to -a ffe re n t neuronal 
fib re s  (SSA). T hese  fib re s  c o n s titu te  th e  periphera l p ro je c tio ns  o f b ipo 
lar neurons (1st neuron  o f th e  centra l aud ito ry  and v e s tibu la r trac ts ). The 
perikarya  o f th e se  b ipo la r neurons res ide  in th e  G anglion sp ira le  co ch 
leae and th e  G anglion ves tibu lä re , respective ly . The cen tra l p ro jec-

t io n s  o f th e  G ang lio n  sp ira le  m e rge  to  fo rm  th e  N . coch learis , course  
th ro u gh  th e  in te rna l a cou s tic  m e a tu s , and reach th e  b ra in s te m  via th e  
c e reb e llo p on tin e  ang le . H ere th e y  c o n n e c t w ith  th e  N ucle i coch lea res 
an te rio r and p os te rio r. The cen tra l p ro jec tio ns  o f th e  1st neuron  of 
th e  v es tib u la r tra c t (SSA) fo rm  th e  N . ves tib u la ris  and a lso  pass 
th ro u g h  th e  c e reb e llo p on tin e  ang le  in to  th e  M edu lla  ob longa ta . Here 
th e y  p ro je c t to  th e  N ucle i ves tibu la res  m ed ia lis  (SC HW ALBE), supe rio r 
(BECHTEREW ), in fe rio r (ROLLER), and la tera lis (DEITERS).

[- C lin ica l R e m a rk s ---------------------------------------
A  sudden  decrease  in hearing, tin n itu s , d is tu rb a n ces  in balance, 
and ve rtig o  can all be  th e  f ir s t  s igns o f an acousticus n eu rin o m a. 
Th is  is a ben ign  tu m o u r co m p o se d  o f co nn e c tive  and neurona l t is 
sues. In m o s t cases, th e  tu m o u r d e rives  fro m  S C H W A N N 's  ce lls  o f 
th e  v e s tibu la r part o f th e  N. ve s tibu lo coch lea ris  [VIII] (vestibu laris

s ch w a n n o m a ) and loca tes in th e  c e reb e llo p on tin e  ang le  o r th e  in
te rna l a cou s tic  m ea tus . In 5%  o f cases, th e  acou s ticu s  neurinom a 
o ccu rs  b ila tera lly. D ue to  th e  jo in t course  w ith  th e  N. fac ia lis  [VII], a 
periphera l fac ia l palsy can result.
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Plexus tympanicus 

Cavitas

N. caroticotympanicus (Plexus caroticus internus)

N. petrosus profundus [Radix sympathica ganglii pterygopalatini]

N. petrosus minor 

N. auriculotemporalis 

N. mandibularis [V/3]

Ganglion oticum

Glandula parotidea 

R. tubarius (Plexus tympanicus)

Tuba auditiva [auditorial 

M. constrictor pharyngis superior 

Ostium pharyngeum

M. stylopharyngeus

R. pharyngealis

M. constrictor 
pharyngis medius

Plexus pharyngeus

Rr. tonsillares

Rr. pharyngeales

N. glossopharyngeus [IX] 

Ganglion superius

Foramen jugulare

R. communicans cum 
ramo auriculari nervi vagi

N. tympanicus [JACOBSON]

Ganglion inferius

N. glossopharyngeus [IX]

N. vagus [X]

Ganglion cervicale superius

R. musculi stylopharyngei 

R. lingualis

R. sinus carotici

N. vagus [X], R. pharyngealis 

Truncus sympathicus

A. carotis communis

A. carotis interna

Sinus caroticus

A. carotis externa

Glomus caroticum

Fig. 12.155 N. g losso pharyn geus [IX ]; sch e m a tic  m ed ian  se c tion ; 
v ie w  fro m  th e  le f t s ide.
The  N. g lossopha ryngeus  [IX], th e  N. vagus [X], and th e  N. accessorius  
[XI] e x it th e  b ra in s te m  in th e  Su lcus re tro o liva ris  and pass th ro u g h  th e  
Foram en jugu la re  a t th e  cranial base. W ith in  th e  fo ra m e n  lies th e  sm a l
ler o f tw o  ganglia , th e  G anglion supe rius , fo llo w e d  im m e d ia te ly  by  th e  
caudal G anglion in fe rius . O nce  th e  g lossopharyngea l nerve  has passed 
th ro u g h  th e  cranial base, it cou rses  cauda lly  in b e tw e e n  th e  V. jugu laris  
in terna  and th e  A . ca ro tis  in te rna  and by  arch ing  fo rw a rd  and runn ing  
b e tw e e n  th e  M m . s ty lo ph a ryn ge u s  and s ty lo g lo ssu s  e n te rs  th e  ro o t o f 
th e  to n g ue . In its course , th e  N . ty m p an ic u s  branches o f f  and p ro jec ts  
to  th e  ty m p a n ic  cavity. H ere th e  ty m p a n ic  nerve  d iv ides  in to  th e  intra- 
m ucosa l P lexus ty m p a n ic u s  and e x its  th e  ty m p a n ic  ca v ity  as N . p e tro 
sus m inor. The N. pe tro sus  m ino r runs paralle l to  th e  N. pe tro sus  m a jo r 
a t th e  an te rio r a spe c t o f th e  p e tro us  bone and passes th ro u gh  th e  Fo
ram en lace rum  to  reach th e  G anglion o ticu m . F ibres o f th e  N. g los-

sopha ryngeus [IX] passing  th ro u g h  th is  gang lion  innerva te  th e  paro tid  
gland.
A dd itio n a l branches are th e  R. m u scu li s ty lo ph a ryn ge i to  th e  M . s ty lo 
pha ryngeus and th e  Rr. pharyngea les to  th e  M m . c o n s tr ic to r pharyng is  
superio r, pa la tog lossus, and pa la topha ryngeus as w e ll as senso ry  
fib re s  to  th e  pharyngea l m ucosa  and to  th e  G landulae pharyngea les. 
T o g e th e r w ith  th e  s y m p a th e tic  tru n k  and th e  N. vagus [X], add itiona l 
fib re s  gene ra te  th e  Plexus p h aryn g eu s  w h ic h  inne rva tes  th e  M m . 
c o n s tr ic to r pharyng is  in fe rio r, leva to r ve li palatin i, and uvulae.
The Rr. to n s illa re s  supp ly  se nso ry  fib re s  to  th e  Tonsilla  palatina and th e  
m ucosa  o f th e  Is thm u s  fa u c iu m , th e  Rr. linguales con ta in  g us ta to ry  
(taste) f ib re s  fo r  th e  p o s te rio r th ird  o f th e  to n g u e . The  R. s inus carotic i 
tra n s m its  se nso ry  in p u t fro m  m echano - and ch e m o re ce p to rs  a t th e  Si
nus ca ro ticu s  and G lom us ca ro ticu m  to  th e  b ra ins tem .

—► T 58i

314



Brain -► Sections -> Cranial nerves -► Spinal cord

N. glossopharyngeus [IX]

N. tympanicus [JACOBSON]

Plexus tympanicus

N. petrosus minor 

Ganglion oticum 

N. auriculotemporalis

Nucleus salivatorius inferior

Nucleus tractus solitarii

Nucleus ambiguus

Nucleus et Tractus spinalis nervi trigemini [V] 

N. glossopharyngeus [IX]

Foramen jugulare

R. communicans cum ramo auriculari nervi vagi [X]

Ganglion superius 

Ganglion inferius
N. glossopharyngeus [IX]

Rr. tonsillares et linguales

R. sinus carotici

Efferent (motor) fibres 

Afferent (sensory) fibres 

Spinal fibres 

Parasympathetic fibres

R. musculi stylopharyngei

Rr. pharyngeales

Fig. 12.156 Fibre q u a lities  o f th e  N . g losso pharyn geus [IX ];
sch e m a tic  m ed ian  se c tion , v ie w  fro m  th e  le f t s ide.
M o to r  fib res  (SVE) o f th e  N. g lossopha ryngeus  [IX] derived  fro m  th e  
N uc leus a m b ig u us  and fro m  th e  N. vagus [X] (also fro m  th e  N ucleus 
am b iguus, SVE) jo in tly  innerva te  th e  m u sc le s  o f th e  s o ft palate. 
P a ra s y m p ath etic  fib re s  (GVE) fro m  th e  N uc leus sa liva to rius  in fe rio r 
p ro je c t to  th e  G anglion o ticu m  via th e  N. tym p a n icu s , P lexus tym p a n i
cus, and N. p e tro su s  m inor. In th e  G anglion o ticu m , th e  p regang lion ic  
fib re s  synapse  to  postg an g lio n ic  neurons. The  postg an g lio n ic  fib re s  as
so c ia te  w ith  th e  N. a u ricu lo tem p o ra lis  (from  V/3) and th e  N. fac ia lis  [VII] 
to  reach th e  G landula paro tidea. A dd itio n a l p a ra sym p a th e tic  fib re s  
(GVE) reach th e  pharyngeal glands. N um erous general som ato -a ffe re n t

fib re s  (GSA) th a t p ro je c t to  th e  N uc leus sp ina lis  nervi tr ig e m in i derive  
fro m  th e  ty m p a n ic  cav ity , th e  pharyngea l m ucosa , and th e  p os te rio r 
th ird  o f th e  to ngue .
G enera l v isc ero -a ffe re n t fib re s  (GVA) tra n s m it th e  se nso ry  inpu t o f 
m e cha n o rece p to rs  in th e  S inus ca ro ticu s  (de te rm ine  b lood  p ressure) 
and o f ch e m o re c e p to rs  in th e  G lo m us  ca ro ticu s  (m easure  partia l p res
sure  o f 0 2 and C 0 2 and pH o f th e  b lood). The  b ra in s te m  in teg ra te s  th is  
se nso ry  in p u t and issues re flex ive  changes in th e  fre q u en cy  o f b rea th
ing and o f th e  centra l b lood p ressure .
S pec ific  v isce ro -a ffe re n t f ib re s  (SVA) c o n d u c t ta s te  sensa tions  to  the  
N uc leus and T rac tus  so lita rius  o f th e  p o s te rio r th ird  o f th e  to ngue .

i- C lin ica l R e m a rk s ---------------------------------------
Lesions o f th e  N . g losso pharyn geus  [IX ] re su lt in s w a llo w in g  d if
f ic u lt ie s  (paralysis o f th e  M . c o n s tr ic to r pharyng is  supe rio r, fa ilu re  
to  fo rm  th e  P ASSAVAN T's ridge), a dev ia tion  o f th e  Uvula to  th e  
h ea lthy  s ide  (para lysis o f th e  M m . leva to r ve li pala tin i, pa la tog lossus, 
pa la topharyngeus, uvulae), an im pa ired  s e n s ib ility  o f th e  pharyngeal 
reg ion  (lack o f gag re flex), a lack o f  ta s te  sensa tion  at th e  p os te rio r

th ird  o f th e  to n g ue , as w e ll as d is tu rb a n ces  in th e  se c re tio n  by  th e  
G landula paro tidea. In m o s t cases, dam age to  th e  N. g lossopha ryn 
g eus  [IX] is n o t an iso la ted  e ven t. F requen tly , fra c tu re s , aneurysm s, 
tu m o u rs , and th ro m b o s is  o f cerebra l b lood  vesse ls  supp ly ing  th e  
brain in th e  region  o f th e  Foram en jugu la re  a lso a ffe c t th e  N. vagus 
[X] and N. a ccesso rius  [XI].
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(Rr. intestinales)

Rr. gastrici anteriores

N. vagus [X], R. 

N. vagus [X], R. auricularis

M. salpingopharyngeus 

M. levator veli palatini

Plexus pulmonalis et Rr. bronchiales

Truncus vagalis posterior 

R. hepaticus (Omentum minus)

Rr. coeliaci

meningeus N. glossopharyngeus [IX]

N. vagus [X]

N. accessorius [XI],
Radix cranialis

Ganglion superius (X)

Foramen jugulare

Ganglion inferius (X)

N. vagus [X], R. pharyngealis

N. vagus [X], R. communicans cum ramo sinus carotici (IX)

Plexus pharyngeus

N. laryngeus superior

R. cardiacus cervicalis superior 

R. cardiacus cervicalis inferior

R. cardiacus thoracicus

N. laryngeus recurrens sinister

Plexus pulmonalis 

Plexus cardiacus

Plexus oesophageus

Truncus vagalis anterior

Plexus suprarenalis

Plexus renal is

M. constrictor pharyngis inferior 

M. cricothyroideus

Rr. tracheales et oesophageales 

A. subclavia dextra 

N. laryngeus recurrens dexter

Plexus coeliacus,
Ganglia coeliaca et mesentericum superius

Plexus splenicus

M. palatoglossus

M. palatopharyngeus

M. constrictor pharyngis superior 

Rr. linguales 

M. stylopharyngeus

M. constrictor pharyngis medius

Fig. 12.157 N . vagus [X ]; sch e m a tic  m edian  se c tion  in th e  region  o f 
th e  head.
For a d e ta iled  descrip tio n  o f th e  course  o f th e  N. vagus [X] - *  page 318.

-► T 58j
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N. vagus [X]

N. vagus [X], R. meningeus 

N. vagus [X], R. auricularis

Nucleus ambiguus

Tractus et Nucleus spinalis nervi trigemini 

Ganglion superius (X)

Ganglion inferius (X)

N. vagus [X], R. pharyngealis 

N. vagus [X], R. communicans cum ramo sinus carotici (IX)

Plexus pharyngeus

N. iaryngeus superior

R. cardiacus cervicalis superior 

R. cardiacus cervicalis inferior

R. cardiacus thoracicus

N. Iaryngeus recurrens sinister

Plexus pulmonalis 

Plexus cardiacus

oesophageus 

Truncus vagalis anterior

Rr. gastrici anteriores

- Plexus coeliacus,
Ganglia coeliaca et mesentericum superius 

Plexus splenicus

Plexus suprarenalis

Plexus renalis

Efferent (motor) fibres 

Afferent (sensory) fibres 

Parasympathetic fibres

Rr. tracheales et oesophageales

N. Iaryngeus recurrens dexter

Plexus pulmonalis et Rr. bronchiales

Truncus vagalis posterior 

R. hepaticus (Omentum minus)

Rr. coeliaci

Plexus hepaticus

N. vagus [X]
Nucleus dorsalis nervi vagi 

Nucleus tractus solitarii

(Rr. intestinales)

Fig. 12 .158  Fibre q u a lities  o f th e  N. vag us [X ]; sch e m a tic  m edian 
se c tion  in th e  reg ion  o f th e  head.
For a de ta iled  d esc rip tio n  o f th e  fib re  qua lities  o f th e  N. vagus [X] -*  
page 318.
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INI. vag us [X ] -» Fig. 12.157
T o g e th e r w ith  th e  Nn. g lossopha ryngeus  [IX] and a ccesso rius  [XI], th e  
N. vagus [X] e x its  th e  b ra in s te m  in th e  Su lcus re troo liva ris  and trave rses 
th e  cranial base th ro u gh  th e  Foram en jugu la re . The  G ang lio n  superius  
loca tes  in th e  Foram en jugu la re  and re leases th e  R. m e n in g eu s  w h ich  
re -en te rs  th e  crania l ca v ity  to  p rov ide  se nso ry  innerva tion  to  th e  m e n in 
ges o f th e  p o s te rio r cranial fossa . A lso  branch ing  o ff  is th e  R. auricu la ris  
fo r  th e  inne rva tion  o f th e  o u te r w a ll o f th e  ex te rna l a coustic  m ea tus . 
The G ang lio n  in feriu s  loca tes  s lig h tly  b e lo w  th e  Foram en jugu lare . 
The N. vagus [X] c ro sses  th e  neck and th e  th o ra c ic  ca v ity  and en te rs  
th e  a bdom ina l cavity. In its  course , th e  N. vagus [X] p rog re ss ive ly  loses 
its  appearance as a c o h e re n t nerve . A t th e  leve l o f th e  oesophagus, 
tw o  d is t in c t tru n k s  can still be  d isce rned  (Trunci vaga les an te rio r and 
poste rio r), b u t fro m  th e  s tom ach  o nw a rd  th e  fib re s  d is tr ib u te  m ore  
w id e ly  and fo rm  m u ltip le  Plexus to  reach th e  liver, pancreas, sp leen, 
k idney, adrenal g land, sm a ll in tes tin e , and co lon . The  fib re s  o f th e  N. 
vagus [X] te rm in a te  at th e  leve l o f th e  C A N N O N -B O H M  p o in t ( le ft co lic  
flexure ).
In its  cervical passage, th e  N. vagus [X] p rov ides Rr. pharyngea les to  
th e  Plexus ph aryngeus. This p lexus a lso rece ives  co n tr ib u tio n s  fro m  
th e  N. g lossopha ryngeus  [IX] and fro m  s y m p a th e tic  f ib re s  (innerva tion  
o f th e  M m . c o n s tr ic to r pharyng is  m e d iu s  and in fe rio r, leva to r ve li pala
tin i, uvulae  -  m o to r fu n c tio n  [SVE], G landulae pharyngea les -  parasym 
p a th e tic  fu n c tio n  [GVE], and pharyngea l m ucosa  -  se nso ry  fu n c tio n  
[GVA]). A dd itio n a l vagal b ranches are th e  R. lingualis  (taste  fib re s  fro m

th e  ro o t o f th e  to n g u e  and e p ig lo ttis , SVA), th e  N. la ryngeus supe rio r 
(w ith  th e  R. e x te rn u s  fo r  th e  M m . c r ico thy ro id eu s  and c o n s tr ic to r pha
ryng is  in fe rio r as w e ll as th e  R. in te rn u s  fo r  th e  se nso ry  innerva tion  o f 
th e  laryngeal m ucosa  above th e  voca l cords) and th e  Rr. cardiaci ce rvi- 
ca les su pe rio res  and in fe rio re s  to  th e  P lexus card iacus at th e  heart 
(w h ich  a ffe c ts  th e  regu la tion  o f th e  b lood  p ressure).
In its th o rac ic  p a rt, th e  N. vagus [X] re leases th e  N. la ryngeus recur- 
rens. The la tte r loops around  th e  a o rtic  arch on th e  le f t s ide  and th e  A. 
subclav ia  on th e  r ig h t s ide  and p ro je c ts  back cran ia lly  to  th e  larynx. Here 
th e  N. la ryngeus recurrens  inne rva tes  all laryngeal m u sc le s  (w ith  th e  
e xcep tio n  o f th e  M . c rico thy ro id eu s) and th e  m ucosa  b e lo w  th e  vocal 
co rds . A dd itio n a l th o ra c ic  vagal b ranches inc lude  th e  Rr. cardiaci tho ra - 
c ic i fo r  th e  P lexus card iacus at th e  heart. The  Rr. b ronch ia les reach th e  
P lexus pu lm ona lis  and innerva te  m u sc le s  and g lands o f th e  bronch ia l 
tre e . The  p u lm o n a ry  vagal innerva tion  re g is te rs  th e  te n s io n  w ith in  th e  
lung tis su e  and ad ju s ts  b rea th ing  by a re fle c to ry  neuronal feedback  
loop.
R ight and le f t N. vagus [X] fo rm  a w e b -like  p lexus  (P lexus oesopha- 
geus) a t th e  m idd le  part o f th e  oesophagus. The p lexus e ven tua lly  con
tr ib u te s  to  th e  fo rm a tio n  o f th e  T runcus vaga lis a n te rio r (m a in ly  fib e rs  
o f th e  le f t  N. vagus [X]) and th e  T ru n cus  vaga lis p o s te rio r (m a in ly  fib res  
o f th e  righ t N. vagus [X]). B oth  T runci accom p a n y  th e  O esophagus 
during  its  passage th ro u gh  th e  d iaphragm  in to  th e  ab d o m in a l cavity. 
F rom  th e  s tom ach  o n w a rd s , th e  T runci d iv e rs ify  fu r th e r  to  c rea te  nu
m e rou s  p lexuses fo r  th e  abo ve -m e ntio n e d  abdom ina l o rgans.

Fibre  q u a lities  in th e  N. vag us [X ] - *  Fig. 12.158  
P a ra s y m p ath etic  f ib re s  (GVE) o f th e  N. vagus [X] o rig ina te  fro m  th e  
N uc leus  dorsa lis  nervi vagi in th e  M edu lla  ob longa ta  and innerva te  
g lands and s m o o th  m u sc le s  o f th e  v iscera .
G enera l v is c ero -a ffe re n t fib re s  (GVA) o f th e  sam e organs p ro je c t in to  
th e  N uc leus dorsa lis  nerv i vagi and th e  N uc leus tra c tu s  so lita rii. 
S pecific  v isc ero -e ffe re n t fib re s  (SVE) o rig ina te  in th e  N uc leus am bigu- 
us and innerva te  th e  ske le ta l m u sc le s  o f th e  pala te, Pharynx, Larynx, 
and O esophagus.

G enera l v isc ero -a ffe re n t fib re s  (GVA) fro m  th e  m ucosa  o f th e  sam e 
s tru c tu re s  p ro je c t in to  th e  N uc leus dorsa lis  nerv i vagi and th e  N ucleus 
tra c tu s  so lita rii.
G enera l s o m a to -a ffe re n t fib re s  (GSA) o f th e  ex te rna l a coustic  m eatus  
and th e  m en inges  o f th e  p o s te rio r cranial fossa  p ro je c t in to  th e  N ucleus 
sp ina lis  nerv i tr ig em in i.
G u sta to ry  fib re s  (SVA) at th e  ro o t o f th e  to n g u e  and th e  E p ig lo ttis  
c o n n e c t w ith  th e  N uc leus tra c tu s  so lita rii.

N . v a g u s [X ]

N ucle i (quality) •  N uc leus a m b ig u us  (SVE)
•  N uc leus so lita rius  (SVA, GVA)
•  N uc leus sp ina lis  nerv i tr ig e m in i (GSA)
•  N uc leus dorsa lis  nerv i vagi (GVE, GVA)

Exit p o in ts  in th e  brain •  M edu lla  ob longa ta : S ulcus re troo liva ris

P osition  w ith in  th e  subarachno id  space •  C isterna basalis

Passage th ro u g h  th e  cranial base • Foram en jugu lare

Inne rva tion  area m otor:
•  pharyngea l m u sc le s  (caudal part), M . leva to r ve li pala tin i, M . uvulae
•  laryngeal m u sc les  
specific sensory:
•  ro o t o f th e  to n g u e  
sensory:
•  Dura m a te r o f th e  Fossa cranii p os te rio r
•  M e a tu s  a cus ticu s  e x te rn u s  (s ick le -shaped  deep  part)
•  M e m brana  tym p a n i (o u te r surface) 
p a rasym pathe tic :
•  o rgans o f th e  neck, tho rax , and a bdom en  up to  th e  C A N N O N -B O H M  p o in t
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Brain -► Sections -> Cranial nerves -► Spinal cord

N. vagus [X]

Rr. gastrici anteriores

Rr. hepatici

Pons

R. auricularis 

R. meningeus

R. communicans cum nervo glossopharyngeo

Rr. pharyngeales

N. laryngeus superior

Plexus oesophageus
Hiatus oesophageus

Sulcus retroolivaris 

Foramen jugulare 

Ganglion superius (X) 

Ganglion inferius (X)

N. vagus [X]

A. carotis communis

A. subclavia 

Truncus brachiocephalicus 

Arcus aortae 

Plexus cardiacus

Rr. cardiaci cervicales superiores

N. laryngeus recurrens

Rr. cardiaci cervicales inferiores

Rr. cardiaci thoracici

N. laryngeus recurrens 
Rr. bronchiales

Plexus pulmonalis

Truncus vagalis anterior

Fig. 12.159 N. vag us [X ]; both  nerve  branches; a n te rio r v iew .
The  im age  em ph a s ises  th e  s lig h tly  d if fe re n t course  o f th e  Nn. vagi dex
te r  and s in is te r and th e  co u rse  o f th e ir  b ranches until th e  T runci vagales 
an te rio r and p os te rio r e n te r th e  abdom ina l cavity.

i- Clinical Rem arks--------------------------------------
C om p le te  les ions o f th e  N . vagus [X ] m ain ly  o ccu r a t th e  Foram en 
jugu lare . F requen tly , th e  Nn. g lossopha ryngeus  [IX] and accesso ri
us [XI] are a lso a ffe c te d . D epend ing  on th e  loca tion  o f th e  lesion, 
th e  s y m p to m s  inc lude  a d if f ic u lty  in s w a llo w in g  and dev ia tion  o f the  
Uvula to  th e  h ea lthy  s ide  (dam age o f th e  P lexus pharyngeus), sen 
so ry  d e fic its  in th e  P harynx and th e  E p ig lo ttis  (lack o f gag re flex,

g u s ta to ry  im pa irm en t), hoarseness (para lysis o f laryngeal m uscles), 
tachycard ia  and a rrhy thm ia  (innerva tion  o f th e  heart). The  unila te ra l 
dam age has little  e ffe c t on th e  a u to n o m ic  vagal fu n c tio n s . H ow eve r, 
b ila tera l dam age o f th e  vagal ne rve  can re su lt in se ve re  resp ira to ry  
and c ircu la to ry  p rob le m s th a t can cause  th e  dea th  o f a pa tien t.
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Brain and Spinal Cord

N. accessorius [XI]

General -> M eninges and b lood supply

N. accessorius [XI], Radix spinalis 

I N. vagus [X]
I I N. accessorius [XI], Radix cranialis

Foramen jugulare

N. vagus [X], Ganglion superius (jugulare)

Truncus nervi accessorii

R. internus

N. vagus [X], Ganglion inferius (nodosum)

N. cervicalis [C1]

N. cervicalis [C2] 

R. extern us

M. sternocleidomastoideus

N. cervicalis [C3]

N. cervicalis [C4]

M. trapezius

Connection to the 
Plexus brachialis

Plexus brachialis, Truncus superior

Fig. 12.160 N. accessorius [X I]; an te rio r v ie w ; ve rteb ra l canal and 
sku ll have been opened.
The  N. a ccesso rius  [XI] e x its  th e  b ra ins tem  in th e  Su lcus re troo liva ris  
to g e th e r w ith  th e  N. g lossopha ryngeus  [IX] and th e  N. vagus [X] and all 
th re e  cranial nerves tra ve rse  th e  cranial base th ro u gh  th e  Foram en ju 
gulare. The  N. accessorius  [XI] has tw o  d if fe re n t roo ts . The  R ad ix  cra 
nialis  o f th e  N. a ccesso rius  [XI] o rig ina tes  fro m  th e  N uc leus a m b iguus  
in th e  M edu lla  ob longa ta . A t  th e  leve l o f th e  Foram en jugu lare , it jo ins  
th e  R adix spinalis  o f th e  N. a ccesso rius  [XI] w h ic h  co ns is ts  o f fib re s  
derived  fro m  th e  a n te rio r and p o s te rio r se gm e n ta l roo ts  in th e  cervica l 
sp ina l co rd. A cco rd in g  to  cu rre n t te x tb o o k  kn ow le dg e , th e  fib re s  o f th e

Radix crania lis fo rm  th e  R. in te rn u s  and co nve rg e  on th e  N. vagus [X] 
in fe rio r to  th e  Foram en jugu la re  (accord ing  to  n e w e r p re lim ina ry  
fin d in g s  w h ic h  requ ire  fu r th e r  ana lysis, th e  N. a ccesso rius  [XI] has no 
cranial ro o t and no co nn e c tio n  to  th e  N. vagus [X]). The  Radix crania lis 
p a rtic ipa tes  in th e  inne rva tion  o f th e  pharyngea l and laryngeal m u sc les  
and, s tr ic tly  speaking, is n o t part o f th e  N. a ccesso rius  [XI], The fib res  
o f th e  Radix sp ina lis  p ro je c t cauda lly  to  th e  M . s te rn o c le ido m a sto id e u s , 
course  th ro u gh  th e  latera l ce rv ica l triang le  to  th e  an te rio r m arg in  o f th e  
M . trapezius, and inne rva te  bo th  m usc les .

—» T 58k
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Brain -► Sections -> Cranial nerves -► Spinal cord

N. accessorius [XI]

Nucleus ambiguus

Nucleus nervi 
accessorii

N. cervicalis [C2]

N. cervicalis [C3]

N. cervicalis [C4]

Efferent (motor) fibres 

Afferent (sensory) fibres

Fig. 12.161 Fibre q u a lities  o f th e  N . accessorius [X I]; an te rio r 
v ie w , ve rteb ra l canal and sku ll have been opened.
The N. a ccesso rius  [XI] inne rva tes  th e  M . s te rn o c le ido m a s to id e u s

P Clinical Rem arks--------------------------------------
Lesions o f th e  N. accessorius [X I] are fre q u e n t due  to  its  supe r
fic ia l co u rse  in th e  latera l tr ia ng le  o f th e  neck. Ia trogen ic  les ions  (as 
co nse q u en ce  o f m ed ica l ac tions, e .g . e x tirpa tio n  o f lym ph  nodes) 
are p a rticu la rly  co m m o n . In ju ries to  th e  neck are ano the r cause  fo r 
nerve  les ions. If th e  N. a ccesso rius  [XI] is in ju red  su pe rio r to  th e  M . 
s te rn o c le id o m a s to id e u s , th e  p a tie n t is incapable  o f tu rn in g  th e  head 
to  th e  h ea lthy  s ide  (para lysis o f  th e  M . s te rn o c le ido m a sto id e u s). In

and M . trapez ius  w ith  specific v iscero -e ffe ren t fib re s  (SVE) fro m  th e  
N uc leus nervi accessorii.

*  fo r  M . s te rn o c le id o m a s to id e u s  and M . trapezius

add ition , an e leva tion  o f th e  arm  above th e  horizonta l p lane is im 
p oss ib le  (paralysis o f th e  M . trapezius). In m o s t cases, h o w e ve r, th e  
lesion  loca tes  in fe rio r to  th e  b ranches supp ly ing  th e  M . s te rn o c le i
d o m a s to id eu s  in th e  latera l tr ia ng le  o f th e  neck. The  sh o u ld e r on th is  
s ide  d rops dee p e r com pa re d  to  th e  hea lthy s ide  and e leva tion  o f th e  
arm  above th e  horizonta l p lane b eco m e s challeng ing .
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Brain and Spinal Cord

N. hypoglossus [XII]

General -> M eninges and b lood supply

N. cervicalis [Cl], (R. meningeus) 

N. hypoglossus [XII]

occipitalis 

N. cervicalis [C1], R. anterior

N. cervicalis [C2], R. anterior

N. cervicalis [C3], R. anterior

Ansa cervicalis profunda, 
Radix inferior

Ansa cervicalis profunda, 
Radix superior

A. carotis interna

Ansa cervicalis profunda 

A. carotis communis 

V. jugularis interna

M. omohyoideus, Venter inferior

M. genioglossus 
M.

M. hyoglossus

M. thyrohyoideus

M. omohyoideus, Venter superior

M. sternothyroideus 

M. sternohyoideus

M. longitudinalis superior

M. transversus linguae;
M. verticalis linguae

M. longitudinalis inferior

Fig. 12.162 N. hypoglossus [X II]; sch em atic  m ed ian  section; v ie w  
fro m  th e  le f t s ide.
The  N ucleus nerv i h ypog loss i in th e  M edu lla  ob longa ta  p rov ides  th e  
fib re s  fo r  th e  N. h ypog lossus [XII]. The  fib re s  e x it th e  b ra in s te m  as 
m u ltip le  sm a ll bund les  b e tw e e n  th e  pyram id  and o live  in th e  S ulcus 
an te ro la te ra lis . They jo in  to  fo rm  th e  N. h ypog lossus [XII] w h ic h  passes 
th ro u gh  th e  C analis  nervi hypoglossi. In fe rio r to  th e  cranial base, 
f ib re s  o f th e  spinal nerves C1 and C2 a ccom pany th e  hypog lossa l nerve 
fo r  a s h o rt d is tance  and p a rt again, f ir s t  as Radix su pe rio r o f th e  Ansa  
cerv icalis  p ro fu n d a  and th e n  as a branch to  th e  M . gen iohyo ideus. 
T o g e th e r w ith  fib re s  fro m  C2 and C3, th e se  fib re s  fo rm  th e  Ansa ce rv i

calis p ro funda  and, in a dd ition , inne rva te  th e  M . g en iohyo ideus. P oste
rio r to  th e  N. vagus [X] in th e  neu rovascu la r bund le  beh ind  th e  Pharynx, 
th e  N. h ypog lossus [XII] passes cauda lly  and, in an a rch-shaped bend o f 
90°, tu rn s  ro s tra lly  and m edia lly. It runs a t th e  upper m arg in  o f th e  Tri- 
g onum  ca ro ticu m , c ro sses  th e  A. ca ro tis  ex te rna  at th e  branch ing  p o in t 
o f th e  A . lingualis and reaches th e  to n g u e  b e tw e e n  th e  M . hyog lossus 
and M . m y loh yo id e u s . The N. hypo g lossu s  [XII] inne rva tes  all interna l 
m u sc le s  o f th e  to n g u e  and th e  M m . s ty lo g lo ssu s , hyog lossus , and ge
n iog lossus.

—► T 581

322



Brain -► Sections -> Cranial nerves -► Spinal cord

N. hypoglossus [XII]

N. cervicalis [Cl], (R. meningeus) 

N. hypoglossus [XII]

nervi hypoglossi

Ansa cervicalis profunda, 
Radix inferior

Ansa cervicalis profunda

Efferent (motor) fibres 

Afferend (sensory) fibres

N. cervicalis [C1], R. anterior

N. cervicalis [C2], R. anterior

N. cervicalis [C3], R. anterior

Ansa cervicalis profunda, 
Radix superior

Fig. 12.163 Fiber q u a lities  o f th e  N . hypoglossus [X II]; sch em a tic  
m edian  se c tion ; v ie w  fro m  th e  le f t s ide .
The N. h ypog lossus [X II] c o n s is ts  o f genera l s o m a to -e ffe re n t fib res

(GSE) fro m  th e  N ucleus nervi h ypog loss i and inne rva tes  th e  in terna l 
m u sc le s  o f th e  to n g u e  and th e  M m . s ty lo g lo ssu s , hyog lossus, and ge- 
n iog lossus.

i- Clinical Rem arks--------------------------------------
A  unila te ra l lesion o f th e  N . hypoglossus [X II], e.g. caused by  a 
fra c tu re  o f th e  cranial base, causes th e  to n g ue  to  d ev ia te  to w a rd s  
th e  a ffe c te d  s ide  because  th e  in tac t lingual m u sc le s  o f th e  oppos ite  
s ide  push th e  to n g u e  to  th e  pare tic  s ide . In th e  case o f a p e rs is te n t

para lysis o f lingual m usc les , s igns  o f m u sc le  a tro p hy  are v is ib le  on 
th e  pare tic  s ide . In add ition , dysphag ia  (d if fic u lty  in s w a llo w in g ) and 
dysarth ria  (poor a rticu la tion) are th e  re su lt o f a para lysis o f lingual 
m usc les .
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Spinal cord segments

Brain and Spinal Cord General -> M eninges and b lood supply

Fig. 12 .164  S p ina l cord  s eg m e n ts . S e g m e n ta  m ed u llae  spinalis;
sch e m a tic  m ed ian  se c tion ; v ie w  fro m  th e  le f t s ide ; reg ional se g m e n ts  
h ig h lig h te d  in d if fe re n t co lours.
The  sp ina l cord  is co m p o se d  o f e ig h t cerv ica l se g m e n ts  (Segm enta  
cerv ica lia  [C 1 -C 8 ]), tw e lv e  th o ra c ic  se g m e n ts  (S egm enta  thoracica  
[T 1-T 12 ]), fiv e  lum bar se g m e n ts  (S egm enta  lum balia  [L 1 -L 5 ]), fiv e  sa
cral se g m e n ts  (S egm enta  sacralia [S 1-S 5 ]), and one to  th re e  coccygea l 
se g m e n ts  (S egm enta  coccygea  [C o1-C o3 ]). In th e  adu lt, th e  spinal 
co rd  e x te n ds  o n ly  to  th e  leve l o f th e  lum bar ve rte b ra  LI—LI I.

i- Clinical Rem arks--------------------------------------
A n y  na rro w in g  o f th e  ve rteb ra l canal causes an irrita tio n  o f th e  co r
respond ing  se gm e n ta l neurons. T u m o urs  o r m edian  d isc  pro lapses 
in fe rio r to  th e  sp ina l co rd  se g m e n t S3 can re su lt in a conus m ed u l- 
laris  s yn d ro m e (lesion o f sp ina l co rd  se g m e n ts  S 3 -C o3 ) o r cauda

equina  syn d ro m e  (CES; les ion  o f th e  sp ina l nerve  roo ts  in th e  area 
o f th e  Cauda equina). The  s y m p to m s  are se nso ry  d e fic ie n c ie s  (sad
d le  anaesthesia), flacc id  para lysis, inco n tin en ce , and im po te n ce .

A s  th e  sp ina l cord  d oes  n o t fo llo w  th e  fa s te r g ro w th  o f th e  ve rteb ra l 
co lum n , th e  course  o f th e  sp ina l ro o ts  (Radices ne rvo rum ) to w a rd s  
th e ir  co rrespond ing  se gm e n ta l in te rve rte b ra l fo ram ina  b ecom es 
s te e p e r and longe r fro m  cranial to  caudal w ith in  th e  ve rteb ra l canal. 
B e lo w  LI—LI I th e  a rran g e m en t o f sp ina l nerves in th e  ve rteb ra l canal 
re sem b le s  a horse  ta il, th u s , th e  nam e Cauda equina.
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Brain -► Sections -> Cranial nerves -► Spinal cord

Spinal cord segments

[C1-C8]

[T1-T12]

[L1-L5]

[S1-S5]

Pediculi arcuum vertebrarum

Intumescentia lumbosacralis

Filum terminale

’ Pars pialis

Pars duralis •

Intumescentia cervicalis

Conus medullaris

'Termination of spinal cord [L1-L2]

Deeper part of the Arachnoidea 
mater spinalis

Termination of subarachnoid space [S2]

Fig. 12.165 S p ina l cord s eg m en ts , S e g m e n ta  m ed u llae  spinalis;
sch e m a tic  fro n ta l se c tion ; ve n tra l v iew . [8]
A s  th e  spinal co rd  does n o t fo llo w  th e  fa s te r g ro w th  o f th e  ve rteb ra l 
co lu m n  and is m uch  sh o rte r than  th e  ve rteb ra l co lum n , th e  co u rse  o f 
th e  spinal roo ts  to w a rd s  th e ir  co rrespond ing  se gm e n ta l in te rve rteb ra l 
fo ra m in a  b eco m e s s te e p e r and longe r fro m  cranial to  caudal and m ore  
o b lique  fo r  th o se  fib re s  loca ted  m o re  latera l w ith in  th e  ve rteb ra l canal. 
In adu lts , th e  sp ina l co rd  e nds  a t th e  leve l o f L I-L II (ranging fro m  TXII to  
LI I/Ll 11). T h e re fo re , th e  R adices an te rio re s  and p os te rio re s  loca te  at 
h ighe r se g m e n ts  o f th e  ve rteb ra l co lu m n  than  th e  co rrespond ing  spinal 
nerve  e x iting  th e  ve rteb ra l canal. In fe rio r to  th e  C onus m edu lla ris , th e  
R adices an te rio re s  and pos te rio re s  o f th e  bund led  lum bar, sacral, and 
coccygea l nerves e x te n d  cauda lly  to  reach th e ir  in te rve rte b ra l fo ram ina  
to  e x it th e  ve rteb ra l canal. Th is  co llec tion  o f  nerve  ro o ts  is nam ed the  
Cauda equina.

Fig. 12 .166  S p ina l cord . M e d u lla  spinalis; ventra l v iew . [8]
The  sp ina l co rd  is th e  p a rt o f th e  CNS loca ted  in th e  upp e r tw o -th ird s  o f 
th e  ve rteb ra l canal. In th e  adu lt, it e x te n ds  fro m  th e  Foram en m agnum  
to  a p p ro x im a te ly  th e  leve l o f LI/L II. In th e  n ew b o rn , th e  sp ina l cord  
reaches to  th e  leve l o f LI 11 o r even  LIV. The  d is ta l end has the  
shape o f  a conus (Conus m edu lla ris). The C onus m ed u lla ris  con ta ins  a 
fin e  n e tw o rk  o f co nn e c tive  tis s u e  (F ilum  te rm ina le ), de rive d  fro m  parts 
o f th e  Pia m a te r, w h ic h  e x te n d s  cauda lly  in to  th e  ve rteb ra l canal. The 
d ia m e te r o f th e  sp ina l co rd  increases in th e  areas w ith  sp ina l nerve 
roo ts  d ed ica ted  fo r  th e  e x tre m it ie s . The  upp e r e n la rg em e n t 
(In tum escen tia  cerv ica lis , C 5-T 1) co n ta in s  neurons fo r  th e  innerva
tion  o f th e  upper e x tre m it ie s , th e  lo w e r e n la rg e m e n t (In tum escen tia  
lum bosacra lis ) lies a t th e  leve l o f th e  sp ina l ne rve  roo ts  L 1 -S 3  and 
se rves fo r  th e  inne rva tion  o f th e  lo w e r e x tre m itie s .

Intumescentia cervicalis

Pediculi arcuum vertebrarum 

Ganglion spinale

Intumescentia lumbosacralis

Cauda equina
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Brain and Spinal Cord General -> M eninges and b lood supply

Somatic and visceral nerve plexuses

Somatic plexuses

Plexus cervicalis -
Rr. anteriores 

C1-C4

Plexus brachialis -
Rr. anteriores 

C5-T1

(Plexus prevertebralis)

Nn. splanchnici

Plexus lumbalis -
Rr. anteriores 

L1-L4

Plexus sacralis -
Rr. anteriores L4 

or L5-S4

Visceral plexuses 

(N. vagus [X])

Rr. cardiaci

R. pulmonalis

Plexus cardiacus 

Rr. pulmonales

Plexus oesophageus 

Plexus aorticus thoracicus

Trunci vagales

Ganglion impar

splanchnici sacrales

Nn. splanchnici pelvici S2-S4 
(Parasympathicus)

Fig. 12.167 S o m a tic  and v isceral ne rve  plexuses. [8]
The nature  o f nerve  p lexuses can be so m a tic  (le ft s ide  o f th e  im age) or 
v iscera l (r igh t s ide  o f th e  im age) and inc lude fib re s  o f d if fe re n t qua lities  
and leve ls . N erves th a t o rig ina te  fro m  a p lexuses p ro je c t to w a rd s  
d if fe re n t ta rg e t t is su e s  and o rgans. The  p lexuses o f th e  e n te ric  nervous 
sy s te m  can gene ra te  re fle x  a c tiv it ie s  ind e p en d e n t o f th e  CNS.
The  e x te n s ive  so m atic  p lexuses o rig ina te  fro m  th e  Rr. an te rio re s  o f 
th e  sp ina l nerves: P lexus ce rv ica lis  (C 1-C 4), P lexus brach ia lis (C 5-T1), 
P lexus lum ba lis  (L1 -L4 ), P lexus sacralis (L4-S 4), and P lexus coccygeus 
(S5-C o). W ith  th e  e xcep tio n  o f th e  sp ina l ne rve  T1, all Rr. an te rio re s  o f

th e  th o ra c ic  sp ina l nerves are ind e p en d e n t and do n o t partic ipa te  in the  
fo rm a tio n  o f th e  p lexus.
The viscera l p lexuses fo rm  in co n ju n c tion  w ith  th e  v iscera  and nor
m a lly  conta in  e ffe re n t (sym p a the tic  and parasym pa the tic ) and a ffe re n t 
parts. V iscera l p lexuses are th e  P lexus card iacus and pu lm ona lis  in the  
th o ra x  as w e ll as th e  P lexus p reve rteb ra lis  an te rio r to  th e  aorta  in the  
a bd o m e n, w h ic h  e x te n d s  cauda lly  to  th e  latera l w a lls  o f th e  pe lv is . The 
P lexus p reve rteb ra lis  p ro je c ts  e ffe re n t fib re s  to  all abdom ina l and pelv ic  
o rgans and rece ives a ffe re n ces  fro m  th e  sam e  organs.

i- Clinical Rem arks--------------------------------------
R eferred  p a in , s o m e tim e s  a lso nam ed re fle c tiv e  pain, is v ie w e d  as 
a m is in te rp re ta tion  by  th e  brain  o f pain derived  fro m  inne r o rgans. 
In th e  case o f re fe rred  pain, v iscera l pain is n o t fe lt  a t th e  s ite  o f 
o rig in  b u t is p ro je c te d  to  a d is ta n t area o f th e  skin  (HEAD'S zone). 
N orm a lly , re fe rred  pain invo lves  a reg ion  w ith  a lo w  n u m b e r o f sen
so ry  a ffe re n ces , such as th e  in tes tin e . These  v iscera l a ffe re n ces

conve rge  at th e  sam e level in th e  sp ina l cord  w ith  th o s e  o f  a spec i
f ic  cu taneous  area th a t co m prise s  a high n u m b e r o f senso ry  a ffe r
ences. The brain e rron e o us ly  loca lises  th e  v iscera l pain to  th e  co rre 
spond ing  skin  area. A  typ ica l exam p le  is th e  pain re fe rred  in to  th e  le ft 
sh ou ld e r and /o r a rm  during  A ng ina  p ec to ris  o r m yocard ia l in fa rc tion .
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Spinal nerves

Radix posterior (C1)

Radix posterior (C8) 

Radix posterior (T1)

Dura mater spinalis-----

Sulcus posterolateralis 

Sulcus medianus posterior •

Funiculus posterior

Radix posterior (T12) 

Radix posterior (L1)

Obex

N. hypoglossus 
[XII]

Segmenta 
cervicalia [1-8] 

= Pars cervicalis

Segmenta 
thoracica [1-12] 
= Pars thoracica

Cauda equina

Segmenta lumbalia 
[1-5] = Pars lumbalis

Radices posteriores 
(L1-5, S1-5)

Ganglia sensoria 
nervorum spinalium 
(S1-5)

Filum terminale, 
Pars duralis

Pons
Medulla oblongata

N. accessorius [XI] 

Decussatio pyramidum

Fissura mediana anterior 

•Sulcus anterolateralis 

Intumescentia cervicalis

Dura mater spinalis

Funiculus lateralis

Funiculus anterior 

Intumescentia lumbosacralis

Conus medullaris

Filum terminale

Filum terminale, Pars duralis

Figs. 12.168a  and b S p ina l cord . M e d u lla  sp inalis , and spinal 
nerves, N n . sp inales; th e  ve rteb ra l canal and th e  dura l sac have been 
opened, 
a dorsa l v ie w  
b ve n tra l v ie w
The  sp ina l co rd  has th e  shape o f a s w o rd  and a d ia m e te r o f 1 -1 .5  cm . 
It e x te n ds  fro m  th e  M edu lla  ob longa ta  o f th e  b ra in s te m . Its ce rv ica l and 
lum bar se g m e n ts  increase in d ia m e te r to  fo rm  th e  In tu m e sce n tia  ce rv i
ca lis (C 5-T1) and th e  In tu m e sce n tia  lum bosacra lis  (L2-S 3 ). These  are 
th e  loca tion  o f m u ltip le  n eu rons  and nerve  fib re s  conce rned  m a in ly

w ith  th e  inne rva tion  o f th e  e x tre m it ie s . The C onus m edu lla ris  is th e  
caudal t ip  o f th e  spinal cord.
The su rface  o f th e  sp ina l co rd  d isp lays ch a ra c te ris tic  lo n g itu d in a l 
grooves. In th e  m id line  on th e  ventra l s ide  th is  is th e  Fissura m ediana 
a n te rio r and on th e  p os te rio r s ide  th e  S ulcus m ed ianus  p os te rio r. The 
Fun icu lus a n te rio r loca ted  to  bo th  s ides o f th e  Fissura m ediana anterio r, 
is fo llo w e d  by  th e  Su lcus ve n tro la te ra lis  w h ic h  separa tes  th e  Fun icu lus 
a n te rio r fro m  th e  Fun icu lus la tera lis . On th e  dorsa l s ide  and b ila te ra lly  to  
th e  Su lcus m ed ianus  p o s te rio r a re  th e  Fun icu li p os te rio res . The  la tte r 
are sepa ra ted  fro m  th e  Fun icu li la tera les by  th e  Sulci poste ro la te ra les .

Fig. 12 .169  N o m e n c la tu re  o f th e  sp inal nerves. [8]
In c o n tra s t to  th e  o th e r sp ina l cord  se g m e n ts , th e  n u m b e r o f spinal 
co rd  se g m e n ts  in th e  cerv ical spinal cord  is n o t iden tica l w ith  th e  
n u m b e r o f ve rteb rae . The  cerv ica l reg ion  has e ig h t cerv ica l se g m e n ts  
b u t o n ly  seven  ce rv ica l ve rteb rae . The  f ir s t  pair o f ce rv ica l nerves e x its  
b e tw e e n  th e  cranial base and th e  atlas (Cl ve rteb ra ). The  spinal nerve 
pairs C 2-C 7  each e x it superior to  th e  co rrespond ing  Ped icu lus arcus 
ve rteb rae . A t  th e  tra n s itio n  fro m  th e  7th cerv ica l ve rte b ra  to  th e  1st th o 
rac ic  ve rteb ra , th e  n om e n c la tu re  changes s ince  th e  8th sp ina l nerve 
e x its  in fe rio r to  th e  7th ce rv ica l ve rteb ra . A ll pairs o f sp ina l nerves T 1 -C o  
th a t fo llo w  w ill a lw ays  e x it in ferio r to  th e  co rrespond ing  ve rteb ra l arch.

— Nn. spinales T1-Co exiting 
below their respective 

’ Pediculus arcus vertebrae

Adoption qvm 
of nomenclature 
for spinal nerves Tl

Pediculus

N. spinalis C1 exiting between 
skull base and atlas

Nn. spinales C2-7 exiting above 
the Pediculus arcus vertebrae

N. spinalis C8 exiting below CVII
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(A. spinalis segmentalis) ■

A. intercostalis posterior •

M
" "  I'i

A. spinalis posterior 

A. spinalis anterior

I  A. medullaris segmentalis

-  A. vertebralis
A. cervicalis ascendens

------A. cervicalis profunda

Truncus thyrocervicalis 

N A. subclavia

■ Aa. medulläres segmentales

(A. radicularis magna)

(A. spinalis segmentalis)

A. sacralis lateralis

Fig. 12.170 A rte ries  o f th e  sp inal cord , M e d u lla  spinalis; ventra l 
v ie w ; n o t all se gm e n ta l sp ina l a rte ries  are s h o w n . [8]
There  are th re e  sources  o f a rte ria l su pp ly  fo r  th e  sp ina l cord:
•  th ro u g h  th e  A . subclavia  (cervical) via th e  A. sp ina lis  a n te rio r and 

Rr. rad icu la res an te rio re s  and pos te rio re s  fro m  th e  Aa. ve rteb ra lis , 
ce rv ica lis  ascendens, and ce rv ica lis  p rofunda

• th ro u g h  th e  A o rta  tho rac ica  (thoracic) via th e  A . in te rco s ta lis  supre - 
m a and Aa. in te rco s ta le s  pos te rio res

• th ro u g h  th e  A o rta  a b d o m in a lis  (lum bosacra l) via Aa. lum bales 
The  A. iliaca in te rna  su pp lies  th e  Cauda equina th ro u g h  th e  A. ilio lum ba- 
lis and A . sacralis la tera lis . A ll th e s e  a rte rie s  p rov ide  Rr. sp ina les.
The  la rgest R. sp ina lis  is th e  A. rad icu la ris m agna (A D A M K IE W IC Z ; ve r
tebra  T X II-L II) w h ic h  is usua lly  fo u n d  on th e  le f t s ide  o f th e  body.

i- Clinical Rem arks--------------------------------------
The A. sp ina lis  a n te rio r (supp ly  area -*■ Fig. 12.171) can be occ lu 
ded  by  th ro m b o s is , tu m o u rs , e tc . Th is  re su lts  in an a n te rio r spinal 
a rte ry  syn drom e. D am age o f th e  an te rio r horns o ccurs  a t th e  level 
o f th e  o cc lus ion , re su ltin g  in a fla cc id  pares is  o f th e  m u sc le s  and 
m u sc le s  parts  innerva ted  by  th e  co rrespond ing  sp ina l cord  se gm e n t. 
S im u lta n e ou s ly , th e  tra c ts  in th e  Fun icu lus an te ro la te ra lis  beco m e  
n on func tiona l. Those  body reg ions innerva ted  by  th e  sp ina l cord  
se g m e n ts  b e lo w  th e  s ite  o f in ju ry  w ill d isp lay  sp as tic  parapareses, 
loss o f pain and te m p e ra tu re  pe rce p tio n  b u t p rese rva tion  o f to u ch ,

v ib ra tion , and postu ra l sensa tion , as w e ll as d e fic its  in m ic tu rit io n , 
d e fe ca tio n , and sexua l fu n c tio ns .
B lockage o f th e  b lood  supp ly  fro m  th e  la rg e s t o f th e  a n te rio r radi
cu la r ve sse ls , th e  A . rad icu la ris m agna o r a rte ry  o f A D A M K IE W IC Z , 
re su lts  in a g re a te r rad icu lar a rte ry  syn drom e. D epend ing  on the  
leve l o f th e  b lockage, a parapleg ia  in th e  lo w e r th o ra c ic  o r upp e r lu m 
bar reg ions w ith  co m p le te  loss o f th e  e n tire  cauda lly  loca ted  spinal 
cord  fu n c tio n s  is observed .
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(A. spinalis 
segmentalis)

A. intercostalis 
posterior sinistra

R. radicularis posterior 

R. radicularis anterior

(A. spinalis 
segmentalis)

A. intercostalis 
posterior dextra (A. spinalis segmentalis)

Arteries and meninges of the
Aa. spinales posteriores

R. radicularis posterior

R. radicularis anterior

A. medullaris 
segmentalis

spinal cord

Fig. 12.171 S e g m e n ta l a rte ria l supp ly  o f th e  spinal cord. [8]
Blood supp ly  to  th e  spinal co rd  is ach ieved  th ro u g h  th e  A . spinalis  
a n te rio r and th e  A a. spinales poste rio res , long itud ina l b lood vesse ls  
runn ing  a longs ide  th e  sp ina l co rd  w h ic h  o rig ina te  in th e  cerv ica l reg ion . 
A dd itiona l c o n tr ib u to rs  are fe e d e r a rte ries  (spinal se gm e n ta l a rte ries  
fro m  th e  Aa. ve rteb ra les , th e  deep  cerv ica l a rte ries , th e  Aa. in te rco s ta 
les and th e  Aa. lum bales) w h ic h  e n te r th e  ve rteb ra l canal th ro u g h  the

Foram ina in te rve rte b ra lia  and d iv ide  in to  Rr. rad icu lares  an terio res  
and po sterio res  a t th e  leve l o f each sp ina l co rd  p lane. The Radices 
an te rio re s  and pos te rio re s  fo llo w  th e  sp ina l nerves and su pp ly  th e m  
w ith  b lood. A t  d if fe re n t p lanes, th e  sp ina l se gm e n ta l a rte ries  re lease 
se gm e n ta l A a. m ed u lläres  w h ich  p ro je c t to  and ana s tom o se  w ith  th e  
long itud ina l a rte ries.

mater spinalis

R. meningeus

A. spinalis anterior

Dura mater spinalis

A. spinalis posterior
Spatium subarachnoideum

Pia mater spinalis

Rr. articulares

Fig. 12 .172  M e n in g e s  o f th e  sp inal cord , M en in g es; ob lique  
ventra l v ie w . [8]
L ike th e  brain, th e  sp ina l co rd  is su rrounded  by  th e  th re e  m en inges, 
w h ic h  p rov ide  p ro te c tion  and suspens ion  o f th is  CNS s tru c tu re  w ith in  
th e  ve rteb ra l canal.
The D ura m a te r  spinalis  is th e  s tro n g e s t o f th e  th re e  m e n in g es  and is 
loca ted  fa rth e s t to  th e  o u ts id e . The la te ra lly  e x itin g  sp ina l nerves and 
th e ir  ro o ts  a re  su rrounded  by  a tu b u la r dura l sheath  w h ic h  rad ia tes in to  
and fu s e s  w ith  th e  nerve  shea th  (ep ineurium ) o f th e  spinal nerves. In
s ide th e  dura fo llo w s  th e  sp ina l a rachno id  m a te r w h ic h  is separa ted  
fro m  th e  Pia m a te r sp ina lis  by  th e  subarachno id  space  fille d  w ith  ce re 
brosp ina l flu id  (L iquor ce reb rosp ina lis ). D e lica te  tra b e cu la tion s  (Trabe
cu lae  arachno ideae, n o t sh ow n ) c o n n e c t th e  sp ina l a rachno id  m a te r o f

one  s ide  w ith  th e  Pia m a te r sp ina lis  on th e  o th e r s ide . Th is  co nn e c tive  
tis su e  a lso su rrou n d s  th e  b lood  vesse ls  loca ted  w ith in  th e  subarach
noid space.
The  Pia m a te r  spinalis  is a m e m bra n e  rich in b lood  ve sse ls  and t ig h tly  
a ttached  to  th e  su rface  o f th e  spinal co rd. It e x te n ds  d ee p ly  in to  th e  
Fissura m ediana an te rio r, c re a te s  a shea th -like  lin ing  around  th e  Radi
ces p os te rio re s  and a n te rio re s  o f th e  spinal nerves and accom pan ies  
th e m  on th e ir  w a y  th ro u g h  th e  subarachno id  space.
In th e  e x it and e n try  a reas o f th e  radices, th e  Pia m a te r sp ina lis  tra n s i
tio n s  in to  th e  A rachno idea  m a te r  sp inalis . The Ligg. d en ticu la ta  are 
latera l e x te n s io n s  o f th e  Pia m a te r sp ina lis  to  th e  spinal a rachno id  and 
Dura m a te r a long b o th  s ides  o f th e  sp ina l co rd. They se rve  to  a ttach  th e  
sp ina l co rd  in th e  ce n tre  o f th e  subarachno id  space.
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Venous plexus of the spinal cord

Plexus

Fig. 12.173 Veins o f th e  v e rte b ra l cana l, C analis  vertebra lis ;
o b lique  ventra l v ie w . [8]
The  ve in s  dra in ing  th e  sp ina l co rd  m a in ly  fo rm  long itud ina l co llec ting  
ve sse ls  runn ing  a longs ide  th e  sp ina l co rd. T w o  pairs o f  long itud ina l 
ve in s  g roup  around  th e  e x it and e n try  p o in ts  o f th e  Radix an te rio r and 
Radix p os te rio r o u t o f and in to  th e  sp ina l co rd, re spective ly . In add ition, 
th e  V. sp inalis  a n te rio r  and V. spinalis  p o s te rio r course  a longs ide  th e

Fissura m ediana an te rio r and th e  Su lcus m ed ianus p os te rio r, respec
tive ly . These  ve ins  drain  in to  th e  Plexus venosus v erte b ra lis  in ternu s
in th e  ep idu ra l space o f th e  ve rteb ra l canal. The  ve no u s  p lexus  con 
n ec ts  w ith  se gm e n ta l ve ins  w h ic h , like th e  azygos sys te m , drain  in to  
th e  large co lle c tin g  ve in s  o f th e  body. The P lexus ve no su s  ve rteb ra lis  
in te rn u s  a lso c o m m u n ica te s  w ith  intracran ia l ve ins .

Radix posterior V. spinalis posterior

Dura mater spinalis

Extradural fat tissue

venosus vertebralis internus

Radix anterior

V. spinalis anterior

Dura mater spinalis

N. lumbalis [L2]

Pediculus arcus 
vertebrae

Aorta 

Cauda equina

Vertebra lumbalis 

V. lumbalis

Plexus venosus vertebralis internus 
the Spatium extradurale

Lig. interspinale

M. quadratus lumborum

Lig. flavum

M. erector spinae

A. lumbalis

N. lumbalis [L3]

Lamina arcus vertebrae

Pars lumbalis diaphragmatis, Crura
Lig. longitudinale posterius

M. psoas major

Vertebra lumbalis V 

N. lumbalis [L5]

N. lumbalis [L4]

Discus intervertebralis

Fig. 12 .174  P os ition  o f th e  sp inal cord  w ith in  th e  v e rte b ra l canal;
d orso la te ra l v iew . [8]
The  dura l tu b e  p o s itio n s  ve n tra l to  th e  Lig. long itu d in a le  p os te riu s  and 
is su rrounded  by th e  P lexus ve no su s  ve rte b ra lis  in te rnus. The  ve rteb ra l

a rches o f th e  f ir s t  tw o  lum bar ve rte b ra e  have been re m ove d . The  to p o 
graph ic  re la tionsh ip  o f th e  nerve  ro o t to  th e  in te rve rte b ra l d isc  b e lo w  
th e  sp ina l nerve  L2 is sh ow n . The Lig. f la vu m  prov ides  th e  dorsa l cover 
fo r  th e  dura l tube .
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Vertebra lumbalis V

Os sacrum 
N. lumbalis [L4]

N. lumbalis

N. sacralis [S1]

Fig. 12.175 Schematic representation of a mediolateral 
herniation o f the  intervertebral disc between the 4th and 5th 
lum bar vertebrae; la te roven tra l su pe rio r v ie w . [23]

Th is  d isc  p ro lapse  re su lts  in th e  co m pre ss io n  o f th e  sp ina l nerve  ro o t 
L5 loca ted  one  se g m e n t b e lo w ; th e  m o re  m ed ia lly  pos itio n ed  L4 ro o t 
e x itin g  in th e  sam e se g m e n t rem a ins  u na ffec ted .

Dura mater spinalis 

Spatium subarachnoideum 

Spatium epidurale

Epidural (peridural) anaesthesia

Lumbar puncture

Vertebra lumbalis III

Vertebra lumbalis IV 

N. lumbalis [L5], R. anterior

N. lumbalis [L4], R. anterior

Discus intervertebralis between 
Vertebra lumbalis V and Os sacrum

Fig. 12.176 Epidural (peridural) anaesthesia and spinal 
anaesthesia. [23]
A n a e s th e tics  are in je c te d  in to  th e  ep idu ra l space  (epidural o r  peridura l 
anaesthesia) to  ana e s th e tise  ind iv idua l sp ina l nerves. The  local adipose 
tis su e  p reve n ts  th e  ana e s th e tic  fro m  a ffe c tin g  o th e r sp ina l co rd  seg 
m e n ts .
In co n tra s t to  th e  ep idu ra l anaesthesia , in spinal anaesthesia the  
anaesthe tics  are applied d ire c tly  in to  th e  subarachnoid space. The m ed i
ca tion  m ixes  w ith  th e  ce reb rosp ina l flu id  bu t, as a re su lt o f g -fo rce , re

m a ins b e lo w  th e  in jec tion  s ite  (in an u p rig h t s itt in g  pa tien t) and, thus , 
exc lu s ive ly  anae s th e tise s  nerve  fib re s  loca ted  b e lo w  th e  in je c tio n  s ite . 
For lum bar puncture, th e  back m u s t be m ax im a lly  b e n t fo rw a rd  and 
th e  need le  is inse rte d  b e tw e e n  th e  sp in o u s  p rocesses o f th e  lum bar 
ve rteb rae  III and IV o r IV and V. Then, th e  need le  is pushed  fo rw a rd  
ca re fu lly  un til th e  Dura m a te r sp ina lis  is p un c tu re d  and th e  tip  o f th e  
need le  res ts  in th e  subarachno id  space. N ow , ce reb rosp ina l flu id  can 
be d raw n  fo r  d ia g n os tic  pu rposes o r an ana e s th e tic  can be applied.
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Spinal cord and vertebral canal, imaging

Lig. longitudinale posterius

(Foramen venae basivertebralis)

Discus intervertebralis (LIII/LIV) 

Vertebra lumbalis V, Corpus vertebrae

Promontorium

Proc. spinosus (LIV)

Termination of the durai sac 

Filum terminale

Os sacrum

Rectum

Vertebra lumbalis I, Corpus vertebrae

Conus medullaris

Cisterna lumbalis 

Lig. longitudinale anterius

Spatium epidurale 

Lig. interspinale

Dura mater spinalis 

Filum radiculare

Fig. 12.177 Lumbar part of the vertebral column; m agne tic  
resonance  to m o g ra p h ic  im age  (M RI), T 1 -w e ig h te d ; m ed ian  se c tion  o f 
th e  lum bar and lo w e r th o ra c ic  parts  o f th e  ve rteb ra l co lu m n . [27]

The  b o rd e r b e tw e e n  th e  end o f th e  sp ina l co rd  a t th e  leve l o f L l/L l I and 
th e  beg inn ing  o f th e  Cauda equ ina, w h ic h  o n ly  partia lly  o ccup ies  th e  
ve rteb ra l canal, is c lea rly  v is ib le .

Termination of the durai sac 

Os sacrum (SI)

Os sacrum (SI I)

Cauda equina

Vertebra lumbalis III------

Foramen intervertebrale------

(Spatium intervertebrale);------
Discus intervertebralis

Fig. 12.178 M yelography o f the  lumbosacral transition ; The dura l sac (subarachno id  space) te rm in a te s  a t th e  leve l o f th e  2 nd
radiograph in latera l beam  p ro je c tio n . [27] sacral ve rteb ra  (Sll).
The  c o n tra s t m e d iu m  has d is tr ib u te d  w ith in  th e  subarachno id  space.
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Fig. 12.179 Vertebral canal, Canalis vertebralis, w ith  spinal cord. 
Medulla spinalis; m a gn e tic  resonance  to m o g ra p h ic  im age (M RI); 
m edian  se c tion  o f th e  lo w e r th o ra c ic  and lum bar pa rts  o f th e  ve rteb ra l 
co lu m n , parapleg ia  due  to  a sp ina l tu m o u r. [23]
In th e  M R I im ages, th e  tu m o u r p rese n ts  as a w h ite  m ass aga inst the  
su rround ing  sp ina l co rd. Th is  is a m e ta s ta s is  o f a kn ow n  bronch ia l car
c inom a . The pa tie n t w a s  a dm itte d  w ith  co m p le te  paraplegia o f th e  low e r 
e x tre m it ie s  and loss o f all se nso ry  fu n c tio n s  b e lo w  d e rm a to m e  L2.

Fig. 12.180 Spina bifida cystica. [20] Fig. 12.181 Spina bifida occulta. [20]
In fa n t w ith  Spina b ifida  cys tica  (m e n in g om ye loce le ) in th e  lum bar The  hairy skin  area in th e  lum bosacra l region  is th e  v is ib le  s ign o f the
region . unde rly ing  Spina b ifida  occu lta .

i- C lin ica l R e m a rk s ---------------------------------------
Damage or compression of the spinal cord can be caused  by  int- 
ram edu lla ry  (-» Fig. 12.179) o r extra  m edu lla ry  tu m o u rs , m ed ia l d isc 
p ro lapses, dorsa l sp on d y lop h y te s , o r  tra u m a tic  injury. A  complete 
paraplegia re su lts  in th e  loss o f all qua lities  o f sensa tion , m o to r 
fu n c tio n , and a u to n o m ic  fu n c tio n s  b e lo w  th e  s ite  o f th e  les ion . In 
th e  early  s tages, a flacc id  para lys is  deve lo ps  b e lo w  th e  lesion  (spinal 
shock), w h ic h  th e n  co n ve rts  in to  a sp as tic  paralysis.
The BROWN-SEQUARD's syndrome d escribes  a sp ina l hem ip leg ia  
w ith  sp as tic  pares is  b e lo w  th e  s ite  o f th e  lesion  p lus  a d issoc ia ted  
im p a irm e n t o f se nso r fu n c tio n s  w ith  loss o f p rop rio cep tio n , v ib ra 
tio n  and e p ic r itic  se n s ib ility  (dorsal trac ts ) on  th e  s ite  o f th e  in ju ry 
and loss in pain and te m p e ra tu re  sensa tion  on th e  contra la te ra l s ide 
(lateral tra c ts ; - *  Fig. 12.192).
Spina bifida is a cong e n ita l d e fe c tive  c losu re  o f th e  ve rteb ra l 
co lu m n  and spinal co rd  caused by  te ra to g e n ic  fa c to rs  (e.g. a lcohol, 
m ed ica tion ) o r m iss ing  induction  o f th e  Chorda dorsa lis.

The  Spina bifida occulta (-» Fig. 12.181) e xc lu s ive ly  invo lves  th e  
ve rteb ra l a rches. In m o s t cases, un fu sed  arches are fo u n d  in one or 
tw o  ve rte b ra e  and th e  co rrespond ing  ove rly ing  skin  is o fte n  covered  
w ith  hair and is m o re  in te n se ly  p ig m e n te d . U sually, th e s e  p a tien ts  
s h o w  no s y m p to m s .
In th e  case o f a Spina bifida cystica (-» Fig. 12.180), th e  v e rte 
bral a rches o f a n u m b e r o f n e ighbou ring  ve rteb rae  are n o t c losed ; a 
cys t-like  p ro trus io n  o f th e  sp ina l m e n in g es  e x te n ds  in to  th e  d e fe c t 
(m en ingoce le). A  m e n in g om ye loce le  e x is ts  if th e  m en ingea l cys t 
co n ta in s  sp ina l co rd  and nerves (co inc ides w ith  fu n c tio na l de fic its ). 
Spina bifida aperta (rach isch is is , m ye losch is is ) is th e  m o s t severe  
fo rm  o f sp ina b ifida  w ith  unde rly ing  d e fe c t in th e  p rop e r c losu re  o f 
th e  neural fo lds . W ith  no skin  co ver to  p ro te c t it, th e  u n d iffe re n tia te d  
neural p la te  is exposed  on th e  back. N e w b o rn s  w ith  such d e fe c ts  
usua lly  d ie  s h o rtly  a fte r  b irth .

Conus medullaris

Metastasis of a 
bronchial carcinoma

Medulla spinalis
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Spinal cord, sections

S u lcus  m ed ia nus p o s te r io r

Sulcus intermedius posterior

Fasciculus gracilis

Sulcus posterolateralis 

Substantia gelatinosa centralis

Formatio reticularis 

Funiculus lateralis

C ana lis  ce n tra lis

Fila radicularia

a
Radix anterior, Funiculus anterior

F issura  m ed ia na  a n te r io r

Funiculus posterior
Fasciculus cuneatus

a ^  —  Radix posterior, Fila radicularia

--------Substantia gelatinosa

Apex

Caput
C o lum na  poste rio r,
Cornu posterius

C o lum na  an te rio r, Cornu anterius 

Pia mater spinalis 

Sulcus anterolateralis 

Commissura alba

Sulcus medianus posterior 

Substantia gelatinosa 

Apex 

Caput 

Cervix

S u lcu s  m ed ia nus p o s te r io r

Radix posterior

C olum na 
'I pos te rio r,

f Cornu
posterius

C o lum na anterio r,
Cornu anterius 

Commissura alba anterior

Fissura mediana 
anterior centralis 

F issura  m ed iana  a n te r io r

S u lcus  m ed ianus p o s te r io r

C o lum na poste rio r, Cornu posterius

C o lum na  an te rio r, Cornu anterius

Substantia gelatinosa centralis 

Canalis centralis 

F issura  m ed iana  a n te r io r

Figs. 12.182a to  d Spinal cord, Medulla spinalis; cross-sections; 
m ye lin  s ta in ; a p p ro x im a te ly  5 00 % . 
a cerv ica l part, Pars cerv ica lis  
b th o ra c ic  part, Pars tho rac ica  
c lum bar part, Pars lum ba lis  
d sacral part, Pars sacralis
The  sp ina l cord  has a sy m m e tric a l m irro r-im age  s tru c tu re  and all spinal 
co rd  se g m e n ts  (a-d) c o n s is t o f g rey  and w h ite  m a tte r. The grey m at
te r (Substantia  grisea) c o n s is ts  m a in ly  o f th e  perikarya  o f neurons, it 
has th e  shape o f a b u tte rfly  in c ross-sectiona l im ages, and is su rrou n d 
ed by w h ite  m atter (Substantia  alba). The  la tte r is m a in ly  co m po se d  o f

neurona l fib re s  and glia  ce lls  and d iv ides  in to  tra c ts  (Funiculi). The  cen 
tre  o f th e  b u tte rfly  s tru c tu re  co n ta in s  th e  Canalis centralis. A lth o ug h  
part o f th e  inner CSF space, th is  canal has a caudal b lind end, p reven ting  
th e  c ircu la tion  o f th e  ce reb rosp ina l flu id .
The w in g s  o f th e  b u tte rfly  re p re se n t columns: an an te rio r co lu m n  (Co
lum na anterio r), an in te rm e d ia te  co lu m n  (C olum na in te rm ed ia), and a 
p o s te rio r co lu m n  (C olum na poste rio r). T hese  co lu m n s  fo rm  th e  an te rio r 
horn (Cornu ante rius), latera l horn (Cornu latera le), and p o s te rio r horn 
(Cornu poste rius). The  C om m issu rae  griseae  (no t sh ow n ) c o n n e c t th e  
in te rm e d ia te  co lu m n s  fro m  both  s ides.
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Functional organisation of the spinal cord

S u b s ta n tia  ge la tinosa

C ana lis  ce n tra lis

(Substantia grisea intermedia centralis)

Nucleus marginalis

C o lum na poste rio r,
Cornu posterius

Nucleus thoracicus posterior

C o lum na in te rm e d ia , Cornu

Nucleus
intermediolateralis

C o lum na  anterio r,
Cornu anterius

Nuclei

Fig. 12.183 Spinal cord. Medulla spinalis; lam inar o rgan isa tion  o f 
th e  g rey  m a tte r accord ing  to  its  cy to a rch ite c tu re  [accord ing  to  REXED, 
1952], e xe m p lif ie d  by  th e  te n th  th o ra c ic  se g m e n t (T10).
H is to log ica lly  (cy toa rch itec tu ra lly ), th e  g rey  m a tte r (Substantia  grisea) 
d iv ides  in to  a n u m b e r o f layers (Lam inae) w h ic h  are  n um b e re d  I to  X 
fro m  dorsa l to  ve n tra l (e x te n t and n u m b e r o f th e  layers va ry  in d if fe re n t 
se g m e n ts  o f th e  spinal cord). In add ition , va rious nuclei are d is tin 
gu ished  and can s tre tc h  o ve r m o re  than  one  cy to a rch itec tu ra l neuronal 
layer. The  s tru c tu re  o f th e  Lam inae re fle c ts  fu n c tio na l aspects.

The posterior horns (Lam inae I—VI: N uc leus th o ra c icu s  p os te rio r 
[C LA R K E 's co lu m n ], N uc leus prop rius, S ubstantia  ge la tinosa) conta in  
re la is neurons fo r  th e  tra n sm iss io n  o f a ffe re n t senso ry  in p u t (sensory 
in fo rm a tio n  fro m  th e  sk in , p rop rio ce p tive  in fo rm a tio n , pe rce p tio n  o f 
pain fro m  th e  periphery). The lateral horns (Lam ina VII) harbou r neu
rons (N ucleus in te rm e d io la te ra lis ) fo r  a u to n o m ic  e ffe re n ces . The  ante
rio r horns (C olum na ante rio r, C ornu an te rius ; Lam inae V III, IX) conta in  
th e  e ffe re n t neurons (s o m a to -e ffe re n t ro o t ce lls) fo r  th e  m usc les .

Fig. 12.184 Reflexes of the spinal cord. Medulla spinalis.
The sp ina l cord  co n ta in s  a system th a t connects it  w ith  supraspinal 
centres and a local autonom ic system capable o f e lic iting  sp ina l re
fle x e s  w ith o u t th e  in p u t fro m  suprasp ina l neurona l s tru c tu re s . Spinal 
re flexe s  fo r  exam p le  are im p o rta n t in keep ing  an adequate  m u sc le  to 
nus during  d if fe re n t a c tiv it ie s  o r to  p ro te c t aga inst ha rm fu l s tim u li (e.g. 
w ith d ra w a l re fle x  fro m  a pa in fu l s tim u lus).
The  ty p e  o f co n n e c tiv ity  and c o m p le x ity  d is tin g u ish e s  tw o  fo rm s  o f 
reflex circu itry: m o no syn a p tic  and p o lysynap tic  re flexes . Supraspina l 
ce n tre s  can m o d ify  p o lysyn a p tic  re flexes.

L e ft s ide  o f th e  im age : re fle x  c irc u itry  o f a m o no syn a p tic , b ineurona l, 
p ro p rio cep tive  re fle x  (a typ ica l s tre tc h  re fle x  like th e  knee-je rk 
[(pate llar)] re flex , e tc ., c o lle c tive ly  nam ed m yo ta c tic  o r deep  te n d on  re
fle xe s  [DTRs]).
R igh t s ide o f th e  im age : c o m p le x  re fle x  c ircu itry  o f a p o lysynap tic , po ly 
neurona l re fle x  (typ ica l f le x o r o r w ith d ra w a l re flexes  are in itia te d  by 
cu ta n eo u s  re cep to rs  and inc lude  th e  abdom ina l, c re m a s te r re flex , fo o t 
so le  re fle x  e tc.).
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Functional organisation of the spinal cord

Fasciculi proprii laterales

Fasciculus septomarginalis++ 

Fasciculus interfascicularis+

Fasciculi proprii posteriores

spinocerebellaris anterior** 

spinothalamicus lateralis

Fibrae olivospinales*****
Tractus reticulospinalis; Tractus tectospinalis

Tractus vestibulospinalis medialis 

Tractus corticospinalis (pyramidalis) anterior

Fasciculus gracilis***
Fasciculus cuneatus****

Tractus spinocerebellaris posterior*

Tractus corticospinalis 
(pyramidalis) lateralis

Tractus rubrospinalis

Tractus reticulospinalis

spinoolivaris
Tractus spinothalamicus anterior; Tractus spinotectalis

proprii anteriores 
Fasciculus longitudinalis medialis

Fig. 12.185 Spinal cord. Medulla spinalis; sch e m a tic  o rgan isa tion  
o f th e  w h ite  m a tte r e x e m p lif ie d  by a lo w e r ce rv ica l se g m e n t.
A ffe re n t (= ascend ing) p a th w a ys  in b lue; e ffe re n t (=  descend ing ) 
p a th w a ys  in red.
The  reg ions ind ica ted  w ith  + , + + , and + + +  d es igna te  d escend ing  co l
latera l tra c ts  o f th e  p o s te rio r fasc icu li.

*  c lin ical te rm : FLEC H SIG 's tra c t
* *  c lin ica l te rm : G O W E R S ' tra c t
* * *  c lin ical te rm : G O LLS ' tra c t
* * * *  c lin ica l te rm : B U R D A C H 's  tra c t
* * * * *  The actua l e x is te n ce  o f th e se  fib re s  has n o t d e fin ite ly  been 

d ocu m e n te d .
+  SC H U LTZE 's co m m a  tra c t (cervica l part)
+ +  oval bund le  o f FLECHSIG (tho rac ic  part)
+ + +  tria ng le  o f P H IL IP P E -G O M B A U LT (lum bar and sacral parts)

Im portant Strech Reflexes o f the Spinal Cord [14]

Reflex Segment Reflex Trigger Target Organ Nerve (afferent and efferent limb)

B iceps C 5, C6 tapp ing  th e  b iceps tendon M . b iceps  brachii N. m u scu lo cu ta ne u s

B rachioradia lis C 5, C6 tapp ing  th e  b rach iorad ia lis 
inse rtion  te n d on  o r th e  
p e rio s te u m

M . brach iorad ia lis, 
M . brachia lis,
M . b iceps  brachii

N. radialis,
N. m u scu lo cu ta ne u s

Triceps C 6 -C 8 tapp ing  th e  tr ice ps  
tendon

M . tr ice p s  brachii N. radialis

Knee-je rk (patellar) L 2 -L 4 tapp ing  th e  Lig. pate llae M . quad riceps fe m o ris N. fe m o ra lis

A n k le -je rk  (Achilles) L 5 -S 2 ta p p in g  th e  A ch illes  
tendon

M . tr ice p s  surae N. tib ia lis

Im portant Flexor Reflexes o f the Spinal Cord [14]

Reflex Segment Reflex Trigger Target Organ Afferent Limb Efferent Limb

A bdom ina l T 8 -T 1 2 s tro k ing  o f  th e  abdom ina l 
skin

a bdom ina l m u sc les N n. in te rco s ta le s  (T 8 -T 1 1),
N. iliohypogas tricus , N. ilio ingu ina lis

C rem aste r L1, L2 s tro k ing  o f th e  skin  a t the  
ins ide  o f th e  th igh

M . c re m a s te r R. fe m o ra lis  and R. gen ita lis  
o f th e  N. g e n ito fe m o ra lis

Foot so le S1, S2 s tro k ing  o f th e  latera l s ide 
o f th e  fo o t so le

fle x o r m u sc le s  o f th e  
to e s  (2 -  5)

Nn. p lan ta res  N. tib ia lis  
o f th e  N. tib ia lis

Anal S 3 -S 5 s tro k ing  o f th e  anal region M . sp h in c te r ani e x te rn us N n .a n o c o c c y g e i N. pudendus
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Tracts of the spinal cord

Gyrus postcentralis

Gyrus postcentralis

Fibrae thalamoparietales
Fibrae thalamoparietales

Lemniscus medialis Thalamus

N. trigeminus [V]

Nuclei nervi trigemini

Decussatio lemniscorum

Nucleus gracilis

Fasciculus gracilis 

Fasciculus cuneatus

N. spinalis

Nucleus cuneatus

Ganglion sensorium 
nervi spinalis Nucleus centralis

-  Tractus spinothalamicus lateralis
-  Tractus spinothalamicus anterior
-  Tractus spinoreticularis
-  Tractus spinotectalis
-  Tractus spinoolivaris

(Fasciculus
anterolateralis)

Fig. 12.186 Pathways for epicritic (blue) and pro topath ic (green) 
sensib ility  (afferent tracts).
P a thw ay o f epicritic  sensib ility  (touch pa th w a y , se rves th e  p ercep tion  
o f p rec ise  d if fe re n tia tio n  o f p ressu re  and to u ch  as w e ll as p rop rio cep 
tion):
• 1st neuron (uncrossed): fro m  re cep to rs  (ex te rocep to rs) in th e  skin 

and th e  m ucosa , th e  p e rio s te u m , th e  jo in ts  and th e  m u sc le  sp ind les  
e tc ., to  th e  N ucle i g rac ilis  and cunea tus  in th e  M edu lla  ob longa ta  via 
th e  Fasciculi g rac ilis  and cunea tus  in th e  Fun icu lus p o s te rio r (perika- 
rya in th e  sp ina l ganglia); add itiona l desce n d in g  co lla te ra ls

• 2nd neuron (crossed): fro m  th e  M edu lla  ob longa ta  (N ucleus cunea
tus , N uc leus gracilis) to  th e  T ha lam us (Lem n iscus m ed ia lis , perika- 
rya in N uc leus cunea tus  and N ucleus gracilis)

• 3rd neuron (uncrossed): fro m  th e  T ha lam us (N uc leus ve n tra lis  pos- 
te ro la te ra lis ) to  th e  cerebra l co rte x , pa rticu la rly  to  th e  G yrus p o s tce n 
tra lis  ( tha lam oco rtica l fib re s , perikarya in th e  Thalam us)

P a thw ay fo r  protopath ic sensib ility  (pain pa thw ay, se rves th e  pain,
te m p e ra tu re  and genera l p ressu re  sensation):
• 1st neuron (uncrossed): fro m  re cep to rs  (ex te rocep to rs) o f th e  skin 

and th e  m ucosa  e tc ., to  th e  p o s te rio r horn , Lam inae I to  V  (perikarya 
in th e  dorsa l ro o t ganglia)

• 2nd neuron (crossed , som e  fib re s  p o ss ib ly  uncrossed): fro m  th e  
p o s te rio r horn to  th e  Tha lam us, in th e  Form atio  re ticu la ris  and to  th e  
T e c tu m  m esen ce p ha li (T ractus sp ino tha lam ic i an te rio r and lateralis, 
T rac tus  sp ino re ticu la ris , T rac tus  sp in o te c ta lis ; perikarya  in th e  pos
te r io r  co lum n)

• 3rd neuron (uncrossed): fro m  th e  Tha lam us a m ong  o th e rs  to  th e  ce
rebra l co rte x , p a rticu la rly  to  th e  G yrus p os tce n tra lis  (tha lam ocortica l 
fib res , perikarya  in th e  Thalam us)
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Pedunculus cerebellaris superior

Vermis cerebelli

Pedunculus cerebellaris inferior

Tractus spinocerebellaris posterior 

Tractus spinocerebellaris anterior

Ganglion sensorium 
nervi spinalis

Fig. 12.187 Pathway of unconscious proprioception (afferent 
tract).
P a thw ay o f u nconsc ious p rop rio cep tio n  (unconscious, b u t p rec ise  spa
tia l d if fe re n tia tio n  as a p re re q u is ite  fo r  m o v e m e n t coord ina tion  by  th e  
C erebe llum ) via th e  anterior spinocerebellar trac t (black):
• 1st neuron (uncrossed): fro m  re cep to rs  (p rop riocep to rs) in m usc les , 

te n d on s , and in th e  co nn e c tive  tis s u e  to  th e  nucle i in th e  Zona in
te rm e d ia  and th e  a n te rio r co lu m n  (perikarya in th e  sp ina l ganglia).

• 2nd neuron ( tw o  tim e s  crossed): fro m  th e  an te rio r horn w ith in  th e  
an te rio r sp inoce rebe lla r tra c t o f th e  an te ro la te ra l tra c t via th e  su pe ri
o r  ce rebe lla r pedunc le  to  th e  C erebe llum  (perikarya in th e  in te rm e d i
a te  zone and th e  an te rio r horn).

P a thw ay o f unco n sc iou s  p rop rio cep tio n  via th e  posterior spinocere
bellar trac t (ye llow ):
• 1st neuron (uncrossed): fro m  end  organs (p rop riocep to rs) in m u s 

cles, te n d o n s , and in th e  co nn e c tive  tis su e  to  th e  nucle i o f th e  pos
te r io r  co lu m n  and to  th e  N uc leus th o ra c icu s  (perikarya in th e  dorsal 
ro o t ganglia).

• 2nd neuron (uncrossed): fro m  th e  p o s te rio r horn and th e  tho rac ic  
nucleus w ith in  th e  p os te rio r sp inoce rebe lla r tra c t o f th e  lateral tra c t 
via th e  in fe rio r ce rebe lla r pedunc le  to  th e  C erebe llum  (perikarya in 
th e  th o ra c ic  nuc leus and a t th e  base o f th e  p os te rio r co lum n).
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Tracts of the spinal cord

N. spinalis

Fig. 12.188 Pathways o f the  m otor system (efferent tracts).
The m o to r sys te m  co m prise s  a large n u m b e r o f nuclea r reg ions and 
tra c ts . The " fin a l m o to r p a th w a y "  are th e  m o to n eu ro ns . D esp ite  th e  
ex trao rd ina ry  co m p le x ity  o f th e se  c ircu its , th e  trad itiona l o rgan isa tion  
w ill be m a in ta ined  fo r  d id a c tic  reasons.
Pyramidal tract:
•  (Central) neuron  (crossed): fro m  th e  cerebra l c o rte x  th ro u g h  th e  

in te rna l capsu le  and th e  cerebra l p edunc les  to  in te rn e u ron s  w ith in  
th e  a n te rio r and p os te rio r co lu m n s  (Tractus co rticosp in a lis  latera lis, 
T rac tus  co rticosp in a lis  an te rio r, perikarya  in th e  G yrus precen tra lis).

•  (Peripheral) neuron  (final m o to r pa th w a y , a -m o ton e u ron s ): fro m  th e  
an te rio r horn to  th e  m o to r end p la tes  o f th e  ske le ta l m u sc le s  (m o to 
neurons, perikarya  in th e  a n te rio r horn).

Cranial nerves:
•  F rom  th e  T rac tus  co rticosp in a lis  an te rio r o f th e  pyram ida l tra c t 

f ib re s  branch o f f  fo r  th e  nucle i o f th e  cranial nerves (Fibrae co rtico - 
nucleares and F ibrae co rticon u c lea re s  bulbi).

Extrapyram idal m otor system:
•  C entra l neurons: (crossed and uncrossed): fro m  th e  cerebra l co rtex, 

pa rticu la rly  th e  G yrus p rece n tra lis  and th e  ad jacent an te rio r cortica l 
a reas inc lud ing  synapses to  th e  basal ganglia , Tha lam us, N ucleus 
sub tha lam icus, N uc leus ruber, S ubstantia  n igra, C erebe llum , e tc . 
and fe e d ba ck  loops to  in te rn e u ro n s  o f th e  an te rio r co lu m n  (Tractus 
rubrosp ina lis , T rac tus  re ticu losp ina lis , T rac tus  ve s tibu lo sp in a le s  m e- 
d ia lis  and latera lis, T rac tus  tec tosp ina lis ).

•  Peripheral neuron  (m o to r end pa thw ay, a -m o to n e u ro n s ): fro m  th e  
a n te rio r horn to  th e  m o to r end  p la tes o f th e  ske le ta l m u sc le s  (m o to 
neurons, perikarya  in th e  a n te rio r horn).

•  m o to r nuc le i o f cranial nerves

Gyrus precentralis

Substantia nigra 

Nuclei pontis 

Fibrae pontocerebellares

Tractus bulboreticulospinalis etc.

(Tractus cerebellorubralis) 

Cerebellum, Nucleus dentatus

Tractus rubrospinalis 
Tractus reticulospinalis 
Tractus vestibulospinalis 
Tractus tectospinalis

Thalamus

(Tractus rubrothalamicus) 

Nucleus ruber

Fibrae corticospinales

Corpus striatum

Thalamus

Cornu anterius

Radix anterior 
[motoria]
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Tracts of the spinal cord, Clinics

Fig. 12.189 Dysfunctional cutaneous innervation due to  palsy of 
certain, frequently affected spinal nerves.
A  d isc  p ro lapse  fre q u e n tly  a ffe c ts  th e  sp ina l nerves L4, L5, and S 1 .

Fig. 12.190 Complete paraplegia at the  level of the 11th thoracic 
segment (T il) .
Paralysis o f th e  w h o le  m o to r and se nso ry  sy s te m  in th e  ha tched  area.

Fig. 12.191 Paralysis of the tracts o f the r ig h t posterior funiculus Fig. 12.192 Hemiplegia (BROWN-SEQUARD) due to  a
at the level of the 11th thoracic segment (T11). hem ilateral right-sided d isruption of the  spinal cord at the level
Loss o f f in e  ta c tile  sensa tion  as w e ll as loss o f postu ra l sense  and of the 11th thoracic segment (T il) .
v ib ra tion  (g ross to u ch  sensa tion  rem a ins  fu n c tio n a lly  norm al). O n th e  r ig h t s ide  (ipsilatera l): loss o f m o to r fu n c tio n  (in itia lly  flacc id ,

la te r spastic); loss o f fin e  d isc rim ina tive  ta c tile  sensa tion  as w e ll as loss 
o f postu ra l sense  and v ib ra tion  (g ross to u ch  sensa tion  rem a ins  fu n c 
tio na lly  norm al). On th e  le f t s ide  (contrala te ra l): loss  o f pain and te m 
pera tu re  sensa tion  (-♦ Fig. 12.186).
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Brain -► Sections -> Cranial nerves -► Spinal cord

Autonomic nervous system, functional overview

Fig. 12.193 Autonom ic nervous system (Sympathicus and 
Parasympathicus). [22]
The a u to n o m ic  ne rvous sy s te m  c o m p rise s  th e  s y m p a th e tic  (green), 
pa ra sym p a th e tic  (purple), and th e  e n te ric  ne rvous sys te m  (blue).
The neurons o f th e  Sym pathicus loca te  in th e  in te rm e d io la te ra l horn 
o f th e  th o ra co lu m b a r se c tion  o f th e  sp ina l co rd. T h e ir axons p ro je c t to  
th e  s y m p a th e tic  chain o f ganglia  and to  th e  ganglia  o f th e  e n te ric  sys
te m . H ere th e y  synapse  to  postg an g lio n ic  neurons w h ic h  p ro je c t to  the  
ta rg e t o rgans. The  s y m p a th e tic  ac tiva tion  se rves to  m o b ilise  th e  body 
in case o f an em ergency. The adrenal m edu lla  is part o f th e  sym p a th e 
tic  sy s te m  and se c re te s  adrena line  and noradrena line .

N uclea r areas o f th e  Parasympathicus loca te  in th e  b ra in s te m  and th e  
sacral p a rt o f th e  sp ina l co rd. T h e ir axons p ro je c t to  ganglia ad jacent to  
th e  ta rg e t o rgans w h ic h  loca te  in th e  head, tho rax , and th e  abdom ina l 
cavity. H ere synaps ing  o n to  postg an g lio n ic  neurons occurs , w h ich  
reach th e  ta rg e t o rgans via s h o rt axons. The para sym p a th e tic  sys te m  
has im p o rta n t ro les in fo o d  in take  and d ig e s tio n , sexua l arousal, and 
opposes  th e  s y m p a th e tic  sys te m .
The  enteric nervous system regu la tes  th e  in tes tina l a c tiv ity  and is 
m o du la te d  by s y m p a th e tic  and para sym p a th e tic  in fluences.
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12 Brain and Spinal Cord General -► ... -» Spinal cord

Central motor system

Components of the Motor System and their Functions [14]

Components Functions

Spinal cord  (M edu lla  sp inalis) •  a u to no m o us  e xecu tio n  o f e le m e n ta ry  fu n c tio n s  (s tre tch  and f le x o r re flexes) 
-> sp ina l basic sys te m

•  ta rg e t organ fo r  suprasp ina l m o to r com m an d s

C en tres  in th e  b ra in s te m  (i.e. 
N uc leus ruber, Fo rm atio  re ticu la ris , 
lo w e r  o liva ry  nuclea r com p lex , 
N ucle i pon tis)

•  p articu la ry  invo lu n ta ry  m o to r regu la tion  o f p os tu re  and ga it as w e ll as coord ina tion  o f m o v e m e n ts  
(-> o rde re d  sequence  o f vo lu n ta ry  m o vem e n ts ) th ro u gh  num e ro u s  nuclea r
reg ions and th e  ex trapyram ida l tra c ts  a ris ing  fro m  th e m

•  c o n tr ib u tin g  to  th e  fin e -tu n in g  o f vo lu n ta ry  m o v e m e n ts
•  ce n tre s  fo r  th e  m o to r regu la tion  o f ocu la r m o v e m e n ts

C erebe llum •  co n tro l o f equ ilib rium
•  co n tro l o f s tance  and prec is ion  m o ve m e n ts
•  coord ina tion  and tim in g  o f p rec is ion  m o v e m e n ts  (fine -tun ing  and m odu la tion )

Basal ganglia  (S tria tum , Pallidum , 
N uc leus sub th a la m icu s  and 
S ubstantia  nigra)

•  p rog ra m m in g  o f p rec is ion  m o v e m e n ts  (fine -tun ing  and m odu la tion )

M o to r c o rte x  reg ions and pyram ida l 
tra c t

•  in itia tion  o f m o v e m e n t s tra te g ies  and p rog ram s th ro u g h  assoc ia tion  areas and seconda ry  m o to r 
co rte x  areas

•  e xecu tio n  o f vo lu n ta ry  m o v e m e n ts  via th e  p recen tra l m o to r co rte x  pyram ida l tra c t -> sp ina l cord

Fig. 12.194 Sim plified schematic representation of the 
organisation of the  som atom otor system. [14]
The c u rre n t a ssum p tio n  is th a t th e  inne r m otiva tion  fo r m o to r ac tiv ity  
(the initia l m o to r ac tion  im pu lse) in itia te s  in th e  lim b ic  sy s te m . From  
here, th e s e  im pu lses  reach assoc ia tion  areas (e.g. in th e  p re fron ta l co r
tex) and a strategic action plan fo r  th is  m o v e m e n t is c rea ted. The  re
a lisa tion  requ ires  th e  inc lus ion  o f seconda ry  m o to r areas w h ic h  plan th e  
d e ta ils  o f  th e  in ten d e d  m o v e m e n t and fin e -tu n e  th e  m o tio n  program  
th ro u g h  fe e d ba ck  fro m  th e  C erebe llum  and th e  basal ganglia . O nce  th e  
planning phase o f th e  in tended  m o v e m e n t is com p le te d , th e  so  m odu 

la ted  m o tio n  prog ram  is tra n s m itte d  to  th e  Tha lam us and fro m  here  to  
th e  m o to r areas, p a rticu la rly  to  th e  m o to r co rte x  th a t s igna ls  th e  beg in 
n ing  o f th e  execution phase. The pyram ida l tra c t o r ig ina tes  a t th e  m o 
to r  co rte x  and p ro je c ts  in to  th e  sp ina l cord, w h e re  th e  in fo rm a tio n  
reaches th e  m u sc le s . The  in fe rio r o liva ry  nuc leus and th e  C erebe llum  
rece ive  cop ies  o f th e  m o tio n  p rog ram  to  in itia te  m o du la tion s  and /o r 
co rrec tio n s  o f th e  m o to r action  in a t im e ly  fash ion . In add ition , e x te n 
sive  se nso ry  fe e d ba ck  loops e x is t b e tw e e n  periphera l re cep to r 
s y s te m s  and all s tru c tu re s  invo lved  in th e  m o tio n  prog ram  to  ensure  a 
sm o o th  e xecu tio n  o f th e  m o to r action .
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1. List of abbreviations

Singular: Plural:
A. = Arteria Aa.
Lig. = L igam entum Ligg.
M . = M uscu lus M m .
N. = N ervus Nn.
Proc. = P rocessus Procc.
R. = Ram us Rr.
V. = Vena Vv.
Var. = Varia tion

§  =  fe m a le  
=  A rte riae  $  =  m ale
= L igam enta  
=  M uscu li 
=  Nervi 
=  P rocessus 
=  Rami 
=  Venae

Percentages:
In th e  lig h t o f th e  large varia tion  in 
ind iv idual b ody  m e asu re m e nts , the  
percen tages ind ica ting  size shou ld  
on ly  be taken  as approx im ate  
values.

2. General terms of direction and position

The fo llo w in g  te rm s  ind ica te  th e  pos ition  o f organs and parts  o f the  
body in re la tion  to  each o the r, irrespective  o f th e  pos ition  o f th e  body 
(e.g. sup ine  o r uprigh t) o r d irec tion  and pos itio n  o f th e  lim bs. These 
te rm s  are re levan t n o t on ly  fo r  hum an ana tom y b u t a lso fo r  clin ical 
m ed ic ine  and com para tive  anatom y.

General term s
anterior -  posterior =  in fro n t -  beh ind  (e.g. A rte riae  tib ia les  an te rio r e t 

posterio r)
ventralis -  dorsalis =  to w a rd s  th e  be lly  -  to w a rd s  th e  back 
superior -  inferior = above -  b e lo w  (e.g. C onchae nasales supe rio r e t 

inferior)
cranialis -  caudalis =  to w a rd s  th e  head -  to w a rd s  th e  tail 
dexter -  sinister =  r igh t -  le ft (e.g. A rte riae  iliacae co m m u n e s  dextra  e t 

s in istra)
internus -  externus = in terna l -  externa l
superficialis -  profundus = superfic ia l -  deep (e.g. M u scu li flexores  

d ig ito ru m  supe rfic ia lis  e t p rofundus) 
medius, intermedius = loca ted b e tw e e n  tw o  o th e r s tru c tu re s  (e.g. the  

Concha nasalis m edia is loca ted  b e tw e e n  th e  Conchae nasales 
supe rio r and inferior) 

medianus = loca ted in th e  m id line  (Fissura m ediana an te rio r o f th e  
sp ina l co rd ).The  m edian  p lane is a sagitta l p lane w h ich  d iv ides  th e  
body in to  righ t and le ft halves. 

medialis -  lateralis = loca ted near to  th e  m id line  -  loca ted  aw ay fro m  
th e  m id line  o f th e  b ody  (e.g. Fossae ingu ina les m ed ia lis  e t lateralis) 

frontalis =  loca ted  in a fro n ta l plane, b u t a lso to w ard s  th e  fro n t (e.g. 
P rocessus fro n ta lis  o f th e  m axilla)

longitudinalis =  paralle l to  th e  long itud ina l ax is  (e.g. M uscu lus  
long itud ina lis  supe rio r o f th e  tongue) 

sagittalis =  loca ted  in a sagitta l plane 
transversalis =  loca ted  in a transve rse  plane 
transversus =  transve rse  d irec tion  (e.g. P rocessus transve rsus o f a 

tho rac ic  vertebra)

Terms o f direction and position for the limbs
proximalis -  distalis = loca ted  to w ard s  o r aw ay fro m  th e  a ttached end 

o f a lim b  o r th e  orig in  o f a s truc tu re  (e.g. A rticu la tio n es  rad iou lnares 
p rox im a lis  e t d ista lis)

fo r th e  upper lim b:
radialis -  ulnaris =  on th e  radial s ide  -  on th e  ulnar s ide  (e.g. A rte riae  

radialis e t ulnaris)

fo r th e  hand:
palmaris  -  dorsalis =  to w a rd s  th e  palm  o f th e  hand -  to w a rd s  th e  back 

o f th e  hand (e.g. A poneu ros is  palm aris, M uscu lus  in te rosseus 
dorsalis)

fo r th e  lo w e r lim b:
tibialis -  fibularis =  on th e  tib ia l s ide  -  on th e  fib u la r s ide  (e.g. A rte ria  

tib ia lis  anterio r)

fo r th e  foo t:
plantaris  -  dorsalis =  to w a rd s  th e  so le  o f th e  fo o t -  to w a rd s  th e  back 

o f th e  fo o t (e.g. A rte riae  p lan tares la tera lis e t m edia lis, A rte ria  dorsa
lis pedis)

3. Use of brackets

[ ]: Latin te rm s  in square b racke ts  re fe r to  a lte rna tive  te rm s  as g iven in 
th e  Te rm ino log ia  A na tom ica  (1998), e .g . Ren [N ephros], To keep th e  
legends short, o n ly  those  a lte rna tive  te rm s  have been added th a t 
d if fe r  in th e  ro o t o f th e  w o rd  and are necessary to  unders tand  clin ical 
te rm s , e .g . nephro logy. They are p rim a rily  used in fig u re s  in w h ic h  the  
particu la r organ o r s tru c tu re  p lays a centra l role.

( ) :  R ound b rackets are used in d if fe re n t w ays:
-  fo r  te rm s  also lis ted  in round b racke ts  in th e  T erm ino log ia  A n a to m i

ca, e .g . (M . psoas m inor)
-  fo r  te rm s  n o t inc luded  in th e  o ffic ia l n om enc la tu re  b u t w h ic h  the  

e d ito rs  cons ide r im p o rta n t and c lin ica lly  re levant, e.g. (Crista 
zygom aticoa lveo la ris)

-  to  ind ica te  th e  o rig in  o f a g iven s tru c tu re , e .g . R. sp ina lis  (A. 
ve rteb ra lis).
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A
Abdom inal re flex 336
Abducens nerve palsy 114, 223, 301
Abduction , tem porom andibu lar jo in t 37
ACHILLES tendon re flex 336
A coustic  awareness 158
A coustic  m eatus 138, 140, 152
A coustic  neurinom a 1 5 2 ,31 0 ,3 1 3
A crocephaly 21
Acrom ega ly 244
Acrom ion 167, 198
A D A M K IE W IC Z 's, a rte ry  o f (A. radicularis m ag

na) 328
Adduction , tem porom andibu lar jo in t 37 
A denectom y 175 
A denohypophysis 223, 241, 244 
A denoids 175
Adhesio interthalam ica 242, 248, 259, 2 6 3 -  

264, 269, 285, 292 
Ad itus
-  laryngis 83, 175, 189
-  orb ita lis  107 
Aequator lentis 125 ,128  
A erotym panal conduction 138 
A ge-dependent m acular degeneration

(AM D ) 129 
A gger nasi 65 
A krom ega ly 244 
Ala
-  cristae galli 12
-  lobuli centra lis 249, 253
-  m ajor (Os sphenoidale) 6, 12, 14, 18, 27-31 ,

44, 78, 102-103, 109, 112, 114, 121, 149
-  m inor (Os sphenoidale) 6 ,2 8 -3 1 ,1 0 2
-  nasi 58
-  vom eris  14, 24
Alexia, cerebral infarction 270 
A lveolus(-i) dentalis(-es) 23, 29
-  m olaris 85
A lveus h ippocam pi 2 61 -262 , 2 7 9 -2 8 0 , 2 8 5 -  

286
ALZHEIM ER'S disease 265 
Am acrine cells. Retina 298 
Am aurosis, cortical b lindness 132 
A M D  (age-dependent m acular degenera ti

on) 129 
A m icu lum  olivare 257 
Am pulla
-  canaliculi lacrim alis 111
-  mem branacea 
 anterior 154, 312
-  -  lateralis 154 ,312  
 poste rio r 154 ,312
-  ossea
------anterior 153
------lateralis 153
------poste rio r 153
Anal re flex 336 
Anencephaly 228 
Angiogram
-  A . carotis interna 217
-  d ig ita l subtraction angiography (DSA) 217 
Angulus
-  iridocornealis 125
-  m andibulae 6, 3 4 -3 6 , 45
-  oculi
------lateralis 104, 106
------m edialis 104, 106
-  sca lenovertebra lis 210
-  sphenoidalis 6 
A nkle-je rk  re flex 336 
Anophtha lm ia  101 
Anosm ia 67, 297
-  septum  deviation 63 
Ansa
-  cervica lis 51, 199, 202, 208
-  -  profunda 89, 1 98 -202 , 2 0 4 -2 0 5 , 3 2 2 -

323
-  -  superfic ia lis  47, 197
-  GALENI (GALEN's anastom osis) 189
-  subclavia 209 -210
-  tend in is  (M . d igastricus) 84

A nte rio r cervica l region 162 ,164
-  vessels and nerves 196, 198 
A n te rio r com m issure  239 
A n te rio r cranial base 1 4 ,2 6  
A n te rio r cranial fossa 12,122 
A n te rio r epithe lia l layer o f the  lens 101 
A n te rio r lateral fon tanelle  19 
A n te rio r scalene hiatus 168 
A n te rio r spinal a rte ry  syndrom e 328 
A n te rio r sp inocerebellar tra c t 338 
A n te rio r triang le  o f the  neck 164 
A ntihe lix  139
A ntitragus 139
A ntrum  m asto ideum  145
Anulus
-  fib rocartilag ineus 141, 143-144, 146-147
-  iridis
-  -  m ajor 127
-  -  m inor 127
-  tendineus com m un is (tendinous anulus of 

ZINN) 112, 114-115, 300
-  tym pan icus 18, 20 
Anvil (Incus) 142 
Aorta  3 2 9 -3 3 0
-  abdom inalis S e e  Pars abdom inalis aortae
-  thoracica S e e  Pars thoracica aortae 
Apertura
-  canaliculi
------cochleae 33
------vestibu li 33
-  externa canalis carotici 15-16, 33, 82, 149, 

222
-  interna
------canalis carotici 17,222
------canalis optic i 13
-  lateralis ventricu li quarti (Foramen of 

LUSCHKA) 2 4 6 -2 4 8 , 2 5 8 -2 5 9 , 288
-  mediana ventricu li quarti 2 5 8 -2 5 9 , 292
-  p irifo rm is 5, 18, 26
-  sinus
-  -  fron ta lis  25
-  -  sphenoidalis 25, 30, 65
-  thoracis superio r 205 
Apex
-  cornu posterio ris  (M edulla  spinalis) 334
-  cuspid is 70
-  linguae 81, 8 6 -8 7
-  partis petrosae 33, 152, 268
-  radicis den tis  70
Aphasia, cerebral infarction 270 
Aphonia 185
Aplasia, paranasal sinuses 63 
Aponeurosis
-  linguae 83
-  palatina 82, 149 
A poplexy 256, 270 
Apparatus lacrim alis 110-111 
Aqueductus
-  m esencephali 234, 241, 245, 248, 252, 

2 5 8 -2 5 9 , 264, 269, 274-275, 279, 2 8 6 -2 8 7
-  vestibu li 152 
Arachnoid m ater 2 26 -2 2 7
-  cranialis 219, 226-227, 229, 268, 277, 281
-  spinalis 325, 329
ARAS (asecending reticular activation sys

tem ) 243 
A rbor vitae  248 
Arcus
-  alveolaris (M andibula) 3 4 -3 5
-  aortae 2 09 ,31 9
-  cartilag in is cricoideae 166, 175-176, IS O -

184, 188
-  dentalis
------m andibularis 69
------m axillaris 69
-  palatoglossus 68, 8 0 -8 2
-  pala topharyngeus 68, 80, 82, 175-176, 179
-  palpebralis
------in ferio r 107, 118
------superio r 107, 118
-  superciliaris 5, 22
-  venosus jugularis 1 6 6 ,1 9 7 ,2 0 4
-  zygom aticus 5, 7, 14-15, 27, 4 2 -4 4 , 62, 76

Area
-  cochleae 155
-  cochlearis 152-153
-  hypothalam ica lateralis 244
-  nervi facialis 152
-  postrem a 246, 264
-  stria ta  131
-  subcallosa 241, 266, 277, 2 8 5 -2 8 6 , 296
-  vestibu laris 246
-  -  in ferio r 152
------superio r 152
Arteria(-ae)
-  alveolaris
-  -  in ferio r 4 8 -5 2 , 63, 76, 94, 216
-  -  superior
-  -  -  anterior 49, 5276, 79 
 poste rio r 49, 52, 76, 79
-  angularis 46, 4 8 -5 2 , 107, 216
-  auricularis
-  -  poste rio r 48, 5 1 -5 2 , 139, 196, 199, 216 
 profunda 49, 52
-  axillaris 201, 203
-  basilaris 2 1 6 -2 1 7 ,2 2 7 ,2 4 0 -2 4 1 ,2 4 8 ,2 6 6 -  

270, 275, 278, 288, 292
-  buccalis 4 8 -5 2 , 216
-  callosom arginalis 217, 225, 240, 277, 282,

285
-  canalis p te rygoide i 49, 79, 222
-  caroticotym panicae 222
-  carotis
-  -  com m un is 43 , 51 -52 , 5 6 -5 7 , 89, 166,

168-169, 178-179, 192, 194, 198-201,
2 0 3 -2 0 6 , 2 09 -2 1 0 , 216-217, 314, 319, 
322

-  -  externa 4 8 -5 0 , 5 2 -5 3 , 76, 88, 107, 139,
174, 178, 194, 198-201, 208, 216-217, 
300, 314 

----------branches 52
-  -  interna 45, 48, 50, 52, 77, 79, 91, 107,

109, 115-119, 121, 131-132, 147-148, 
150-151, 174, 178-179, 2 00 -2 0 1 , 2 1 6 - 
217, 2 22 -2 2 3 , 227, 2 6 6 -2 6 9 , 288, 293, 
308, 314, 322

----------angiogram  217
----------a rte rioscle ro tic a lterations 223
----------DSA 217
----------parts 222
----------radiograph 217
-  centralis(-es)
------anterolaterales 240, 256, 267
-  —  b leed ings/occlusions 240
-  -  anterom edia les 256, 267
-  -  posterom edia les 267
-  -  retinae 63, 100, 116, 118, 126, 131
-  cerebri
-  -  anterior 217, 222, 260, 266, 269, 2 7 1 -

272, 277, 2 81 -288 , 292 -2 9 3
-  -  media 217, 222, 240, 2 6 6 -2 6 8 , 2 70 -272 ,

276-277, 280, 283, 287 -289
-  —  branches 270
-  -  poste rio r 1 3 1 ,2 1 7 ,2 4 0 -2 4 1 ,2 6 6 -2 6 9 ,

271-272, 2 78 -2 7 9 , 2 8 5 -2 8 9 , 293
-  cervicalis
-  -  ascendens 1 9 9 -2 0 1 ,2 0 3 ,2 1 0 ,3 2 8
-  -  profunda 2 0 3 ,2 0 9 -2 1 0 ,3 2 8  
 superfic ia lis  1 9 9 -2 0 0 ,2 0 3 ,2 1 0
-  choroidea anterio r 131, 222, 2 66 -2 6 7 , 272
-  ciliares 119, 131
-  -  anteriores 118, 126 
 posteriores
-  —  breves 116, 126 
 longae 116, 118, 126
-  cochlearis 155
-  com m unicans
-  -  anterio r 2 6 6 -2 6 9 , 277, 287
-  -  poste rio r 217, 222, 2 6 6 -2 6 8 , 278, 2 8 7 -

288
-  conjunctivales
-  -  anteriores 118, 126
-  -  posterio res 118
-  dorsalis
-  -  nasi 50, 116, 118-119 
 scapulae 200, 210
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A r t e r i a  ( - a e )

-  episclerales 118, 126
-  e thm oidalis
-  -  anterio r 66, 116-120
------poste rio r 66, 116, 118-120
-  facialis 4 6 -5 2 , 63, 90, 93, 166, 178, 2 0 0 -  

201, 2 0 4 -2 0 5 , 208, 216
-  -  branches 52
-  frontobasalis 266
-  -  lateralis 266, 270
-  -  m edialis 272
-  hyaloidea 100-101
-  hypophysialis
------in ferio r 222
------superio r 222
-  inferior
-  -  anterio r cerebelli 2 1 7 ,2 6 6 -2 6 8 ,2 7 0
-  -  posterio r cerebelli 2 0 3 ,2 1 7 ,2 6 6 -2 6 8 ,

270
-  infraorb ita lis  49, 51 -52 , 76, 79, 107, 120, 

124, 216
-  infratroch learis 107
-  insulares 240
-  intercostalis
------posterio r 203, 3 2 8 -3 2 9
---------prima 203
---------- secunda 203
-  -  suprem a 203, 210
-  labialis
-  -  in ferio r 52
-  -  superio r 52, 66
-  labyrinth i 1 5 5 ,2 6 6 ,2 6 8
-  -  th ro m bo tic  occlusions 155
-  lacrim alis 107, 109, 116-119
-  laryngea
------in ferio r 189, 200
-  -  superio r 52, 87, 95, 173, 179, 189-190,

194, 1 98 -2 0 0 , 208, 210
-  len ticu lostria tae 256
-  lingualis 48, 5 0 -5 2 , 63, 8 8 -8 9 , 93, 95, 178, 

194, 199, 208, 216
------branches 52, 88
-  lum bales 330
-  m asseterica 4 8 -5 0 , 52
-  m axillaris 4 8 -5 2 , 76, 79, 216 
 branches 49, 52
------variations o f the  course 49
-  m edullaris segm enta lis 203, 3 2 8 -3 2 9
-  meningea
-  -  m edia 49, 5 1 -5 2 , 117, 216, 220, 268 
 posterio r 52, 178, 268
-  m enta lis 48
-  m esencephalicae 267
-  nasales posterio res laterales 52, 66
-  nasopalatina 52, 66
-  occip ita lis  48, 51 -52 , 89, 91, 179, 196-198, 

2 00 -2 0 1 , 216
-  -  branches 52 
 m edialis 280-281
-  ophthalm ica 115-121, 123-124, 131-132, 

216-217, 2 22 -2 2 3 , 268, 292 -2 9 3
------branches 118
-  palatina(-ae)
------ascendens 5 1 -5 2 , 178, 189
------descendens 49, 52, 79, 216
------m ajor 52, 66, 7 9 -8 0
-  -  m inores 52
-  palpebrales
------laterales 107, 118
------m ediales 107, 118
-  parieta lis poste rio r 225, 270
-  pericallosa 240, 260, 269, 2 77 -2 7 8 , 2 8 0 -

286
-  pericardiacophrenica 210
-  pharyngea ascendens 52, 178, 216
-  -  branches 52
-  pon tis  267
-  profunda linguae 52, 88
-  p terygom eningea 49
-  radicularis magna (artery o f A D AM KIEW IC Z)

328
-  d isruption (radicular a rte ry  syndrom e) 328
-  sacralis lateralis 328

A r t e r i a  ( - a e )

-  scapularis descendens 203
-  sphenopalatina 49, 5 1 -5 2 , 66, 79, 216
-  spinalis
-  -  anterior 203, 2 66 -2 6 7 , 3 2 8 -3 2 9  
 posterio r 203, 3 2 8 -3 2 9
-  -  segm enta lis  3 2 8 -3 2 9
-  spiralis m odio li 155
-  s ty lom asto idea 52
-  subclavia 168, 179, 194, 198-201, 203, 205, 

2 09 -2 1 0 , 316, 319, 328
------s tenosis 200
-  -  variations in branching 203
-  sublingualis 51 -52 , 88, 95, 194
-  subm enta lis  49, 51 -52 , 93, 199-201, 216
-  sulci
-  -  centra lis 225, 270
-  -  postcentra lis 225, 270
-  -  precentralis 225, 270
-  superio r cerebelli 2 6 6 -2 6 8 , 288
-  supraorb ita lis  47, 107, 116-119, 124, 216
-  suprascapularis 1 9 8 ,2 0 0 -2 0 1 ,2 0 3 ,2 1 0
-  supratroch learis 4 8 -4 9 , 107, 116, 118-119, 

216
-  tem pora lis
-  -  m edia 49, 51 -52
-  -  profunda 216
----------anterior 49, 52
----------poste rio r 49, 51 -52
------superfic ia lis  4 3 ,4 6 -4 9 ,  51 -52 , 107, 139,

216
-  -  -  branches 52
-  tha lam otubera lis 267
-  thoracica interna 2 00 -2 0 1 , 203, 209 -2 1 0
-  thoracoacrom ia lis 201
-  thyroidea
-  -  in fe rio r 178-179, 189, 192, 194, 2 00 -201 ,

203, 210
-  -  superio r 52, 93, 175-176, 178, 194, 198—

201, 205, 208, 210, 216
-  -  -  branches 52
-  transversa
-  -  colli 198-201, 205
-  -  facie i 49, 52, 107, 216
-  triangularis 270
-  tube ris  c inerei 267
-  tym pan ica
-  -  anterior 49, 52
-  -  in ferio r 52
-  -  poste rio r 52, 143 
 superio r 52
-  vertebra lis 91, 192, 200, 203, 2 09 -210 , 

216-217, 227, 248, 2 6 6 -2 7 0 , 288, 328
-  -  branches 203
-  -  varia tions o f the  level o f en try  203
-  vestibu laris anterior 155
-  zygom aticoorb ita lis  4 8 -4 9 , 52 
A rte rio la
-  m acularis
------in ferio r 129
------superio r 129
-  m edialis retinae 129
-  nasalis retinae
-  -  in ferio r 129 
 superio r 129
-  tem pora lis  retinae
-  -  in ferio r 129 
 superio r 129
A rte riosc le ro tic  a lterations o f the  Pars caverno

sa (A. carotis interna) 223 
A rth ros is
-  c rico-aryteno id  jo in t 183
-  tem porom andibu lar jo in t 38 
Articu la tio(-nes)
-  atlantoaxialis lateralis 168
-  cricoarytenoidea 180-182, 184, 190
-  cricothyro idea 181, 183
-  incudom allearis 142-143
-  incudostapedialis 142-143
-  ossicu lorum  auditus 143
-  tem porom andibu laris  7, 3 6 -3 9 , 4 2 -4 4  
A scending reticular activation system

(ARAS) 243

Associa tion  areas, cerebral hem ispheres 237 
Associa tion  areas, cortical 237, 342 
Associa tion  tra c t 254
-  long fib res 254
-  short fib res  254 
Ataxia 253
-  lesions o f the  tha lam ic nuclei 243 
A tlas 168
A ud ito ry  cortex 237
A ud ito ry  ossic les 1 3 6 ,1 3 8 ,1 4 2 -1 4 3
-  deve lopm ent 136
-  d iffe ren tia tion  136
-  oss ifica tion  m ode 20 
A ud ito ry  pathw ay 159 
A ud ito ry  p it 136
A ud ito ry  tube  137-138, 141, 146, 149-150, 

155, 308, 314
-  cartilage 82, 149
-  deve lopm ent 136
-  in flam m ation  149
-  occlusion 143 
Auric le  138-140
-  a rteries 139
-  cartilage 140
-  de fects  137
-  deve lopm ent 136
-  dysplasia 137
-  m uscles 140
-  rud im entary 137
-  sensory innervation 139 
Auricu la  138-140
-  interna 155 
Auricu la r hillocks 136 
Auricu la r perichondritis  140 
A uris  138
-  interna 138, 151, 155
-  m edia 138, 148 
A u tonom ic  ganglia o f the  head 96 
A u tonom ic  nervous system  214,341 
A xilla ry  region 201
A xis
-  externus bulbi 125-126
-  internus bulbi 125-126
-  lentis 128
-  opticus 125

B
BABINSKI's reflex, lesions o f th e  pyramidal 

tra c t 257 
Basal ganglia 240, 257, 342
-  b lood supp ly  240
-  dam age 240
-  m oto r ac tiv ity  342
Basal lamella, paranasal sinuses 65
Basal lamina 156
Basis
-  cochleae 153
-  (Cornu posterius, M edulla  spinalis) 334
-  cranii
-  -  externa 14-16
------interna 12-13, 17, 268
-  m andibulae 34
-  stapedis 142
BECHTEREW, nucleus of (Ncl. vestibu laris su 

perior) 1 6 0 ,2 9 4 ,3 1 3  
BELL's phenom enon, paralysis o f the  N. facia

lis 105 ,310  
Biceps re flex 336
BICHAT's fa t pad (Corpus adiposum  buc- 

cae) 40, 42, 90
-  cachexia in tum our patients 42 
B ifurcatio  carotid is 52, 194 
Bipolar ganglion ic cells, Retina 131 
B item poral hem ianopsia 132, 299 
B LA N D IN 's gland (Gl. lingualis anterior) 83, 96 
Blepharitis 108
-  seborrhe ic  108
Blind sp o t (D iscus nervi optici) 125, 129 
Blood-brain barrier, lack o f 265 
Blood-CSF barrier 264 
B low -ou t fracture  103



Index

BOETTCHER'S cells, organ o f CORTI 156 
Bolus aspiration 176 
Bone conduction 138 
Bony labyrinth 1 52 -1 5 3 ,15 5  
B O W M A N 'S  m em brane (Lamina lim itans ante

rior) 125 
Brachiofacial paralyses 271 
Brachioradialis re flex 336 
Brachium  colliculi
-  in ferio ris 246 -2 4 7
-  superioris 1 31 ,24 6 -24 7  
Brain 131, 226 -2 2 7
-  arterial c irc le /ring  267 -2 6 8
-  a rteries 225, 266, 272
-  a trophy 232
-  average vo lum e 231
-  deep veins 273
-  deve lopm ent 2 28 -2 2 9
-  fron ta l section  277 -2 8 0
-  herniation 230
-  horizontal section 281 -287
-  m edial surface  269
-  M RI 274 -276
-  sagitta l section 2 8 8 -2 8 9
-  superfic ia l a rteries 225
-  veins 225, 272
-  ventric les 258
Brain abscesses, O tit is  m edia 144 
Brain vesic le  100
Brainstem  239, 2 4 6 -2 4 8 , 251, 269
-  deve lopm ent 229
-  functiona l overv iew  290 
Brainstem  centres, m o to ric  func tion  342 
Bregm a 8
Bridging veins 225
-  lesions, subdural haem atom as 225 
BROW N-SEQUARD syndrom e 333
-  hem iplegia 340
BROYLE's tendon (tendon of the  vocal liga

m ent) 182, 190 
BRUCKE's m uscle (M . ciliaris) 127 
Bucca 68 
Bulbus
-  cornus posterio ris (Ventriculus lateralis) 283
-  inferior venae jugularis 1 78 -1 7 9 ,19 9
-  (M edulla oblongata) 231
-  oculi 112, 119, 121, 124-126, 130-132, 2 7 4 - 

275
-  -  external and internal bulbar axes 126
-  -  tes ting  the  func tion  o f the  extra-ocular

m uscles 113
-  o lfactorius 60, 67, 227, 234, 238, 266, 288, 

292, 2 9 6 -2 9 7
-  superio r venae jugularis 1 7 8 -1 7 9 ,2 1 8 ,2 2 4  
Bulla e thm oidalis 6 5 -6 6
BURDACH's tra c t (Fasciculus cuneatus) 2 4 6 -

247, 334, 3 3 6 -3 3 7  
Bursa infrahyoidea 1 83 ,188

c
Calcar avis 2 61 -263 , 280, 2 8 4 -2 8 5  
Callosotom y, ep ilepsy 260 
Caloric nystagm us te s t 158 
Calvaria 10 -11 ,219  
Calvarian bones, fractures 11,220 
Camera
-  anterior bulbi 125, 127, 130
-  articularis
-  -  in fe rio r (A rt. tem porom andibularis) 37 
 superio r (A rt. tem porom andibularis)

37
-  poste rio r bulbi 125, 127
-  postrem a (vitrea) bulbi 125, 130 
CAMPER plane 7 
Canaliculus
-  lacrimalis
-  -  in ferio r 110-111 
 superio r 110-111
-  m asto ideus 14, 16 
 contents 16
-  posterius (Labyrinthus osseus) 152

Canalis(-es)
-  caroticus 13-15, 33, 82, 144-146, 149-150, 

152, 268
------contents 16-17
-  centra lis 248, 2 5 8 -2 5 9 , 269, 3 3 4 -3 3 5
-  condylaris 12, 14-17 
 contents 16-17
-  d ip lo ic i 219
-  incis ivus 10, 2 4 -2 5 , 59
-  infraorb ita lis  2 8 -2 9 , 76, 102
-  m andibulae 7 5 -7 6
-  m usculotubarius 33
-  nasolacrim alis 26, 102
-  nervi
-  -  facia lis 145-147, 152, 312
-  -  hypoglossi 10, 12-17, 36, 268, 322 
 contents 16-17
-  opticus 12-13, 17, 2 8 -2 9 , 31, 102, 115, 117,

120-121, 130, 268
------contents 17
------neurovascular structu res 115
-  palatinus m ajor 29, 78
-  palatovaginalis 78
-  p terygoideus (VID IAN canal) 2 9 -3 0 , 78
-  radicis dentis 70
-  sem icircularis(-es) 138, 143, 155 
 anterior 151-155
-  -  lateralis 146, 148, 151-154 
 poste rio r 151-154
-  spiralis
------cochleae 152
-  -  m odio li 152
-  vertebra lis 330, 333 
C A N N O N -B Ö H M 's  po in t 318 
Capsula
-  articularis
-  -  (A rt. tem porom andibularis) 3 6 -3 7 , 4 2 -4 5  
 cricothyro idea 181, 184-185
-  externa 240, 255-257, 277-279, 2 8 3 -2 8 5
-  extrem a 255-257, 277-279, 2 8 3 -2 8 5
-  interna 240, 2 42 -243 , 2 55 -257 , 261, 263, 

272, 2 7 6 -2 8 0 , 2 82 -2 8 6 , 2 8 8 -2 8 9 , 293
-  -  arteries and tra c ts  256
-  -  vascular occlusions 256
-  lentis 128 
Caput
-  (Cornu posterius, M edulla spinalis) 334
-  inferius (M . p terygoideus lateralis) 4 4 -4 5
-  mallei 142, 144, 146, 312
-  m andibulae 3 4 -3 5 , 3 7 -3 8 , 4 4 -4 5 , 140
-  nuclei caudati 240, 247, 2 56 -257 , 2 62 -2 6 4 , 

274, 2 7 6 -2 7 8 , 2 8 2 -2 8 6 , 288
-  stapedis 142, 146
-  superius (M . p terygoideus lateralis) 4 4 -4 5  
Carotid a rte ry  siphon 222
Carotid b ifurca tion  216 
Carotid loop 174
-  peritonsilla r abscess 174
-  tons ille c tom y 174 
Carotid sheath 169 
Carotid sinus syndrom e 216 
Carotid tr ib u ta ry  266 
C artilage-free area, nose 58 
Cartilago(-ines)
-  alaris(-es)
-  -  m ajor 5 8 -6 0
-  -  m inores 58
-  arytenoidea 180-186, 190
-  auriculae 91
-  corniculata 180-181, 183, 185-186
-  cricoidea 95, 166, 180, 182, 185-186, 191, 

210
-  cune ifo rm is 185-186
-  epig lo ttica  83, 175-176, 180-183, 188, 191
-  laryngis 181, 183
-  nasi 58
------accessoriae 58
-  -  lateralis 58, 60, 91
-  septi nasi 5 8 -5 9
-  thyro idea 83, 87, 95, 166, 173, 175-176, 

179-186, 188-194, 210
-  tracheales 173, 181-182, 184-186, 188, 

191-192

C a r t i l a g o ( - i n e s )

-  triticea  181, 184-186
-  tubae auditivae 82, 149-150, 179 
Caruncula
-  lacrim alis 104, 110-111
-  sublingualis 92, 9 4 -9 5  
Cataracta senilis 128 
Cauda
-  equina 325, 327, 330, 332
-  helicis 140
-  nuclei caudati 240, 2 6 3 -2 6 4 , 2 78 -2 8 0 ,

2 8 3 -2 8 6 , 289
Cauda equina syndrom e 324 
Cavernous sinus syndrom e 223 
Cavernous sinus th rom bosis  223 
Cavitas
-  conchae 139
-  coronae 70
-  dentis 70
-  infrag lo ttica  188, 191
-  nasi 25, 28, 36, 60, 62, 66, 91, 122, 130,

175
-  oris 68, 80, 176 
 propria 68, 82
-  pharyngis 190
-  tym pan i 77, 137-138, 140-141, 143-147, 

152, 312, 314
Cavum septi pellucid i 2 62 -2 6 4 , 282 
Cellulae
-  e thm oida les 27 -28 , 61, 6 3 -6 4 , 103, 114,

121-122, 124, 130, 274
------anteriores 60, 62
-  -  entrance 60
-  -  posterio res 60, 62
-  m astoideae 145, 148
-  pneum aticae 150
-  tym pan icae 145, 152 
C em entum  70 
C enencephalocele 230 
Central facial nerve palsy 54, 310 
Central venous th rom bosis  124 
C entrum  sem iovale 239, 260
Cerebellar com partm en ts , a ffe ren t and e ffe ren t 

connections 251 
Cerebellar co rtex  2 5 0 -2 5 1 ,2 5 3
-  LARSELL's c lassification 252 -2 5 3
-  overv iew  252
Cerebellar hem ispheres, s tructu re  252 
Cerebellar nuclei 250-251 
Cerebellar peduncles 246 
Cerebellar ve rm is 253
-  overv iew  252
C erebellopontine angle, tu m o u r (vestibularis 

schwannom a) 313 
C erebellum  215, 229, 231, 246, 2 4 8 -2 5 0 , 255,

258, 270, 275, 279, 339, 342
-  basic flo w  o f inform ation  251
-  functiona l overv iew  290
-  m edulla 250
-  m o to r func tion  342
-  paravermal zone 251 
Cerebral aneurym s
-  C irculus arteriosus cerebri (W ILLISII) 267
-  rupture 267
Cerebral cortex, p rim ary grooves, loca tion /p ro 

jection  233 
Cerebral flu id , p roduction 261 
Cerebral hem ispheres
-  arteries 271
-  associa tion areas 237
-  functiona l cortical areas 237
-  grooves 2 3 4 -2 3 5
-  gyri 2 3 4 -2 3 6
-  prim ary cortica l areas 237
-  secondary cortical areas 237
Cerebral infarction (ischaem ic stroke) 256, 270 
Cerebrospinal flu id , im paired drainage 265 
Cerebrospinal flu id  rhinorrhea 67 
Cerebrum  1 3 1 ,21 5 ,2 3 2
-  functiona l overv iew  290
-  gyri 232, 2 3 4 -2 3 6
-  lobes 233
-  sulci 232, 2 3 4 -2 3 5



Cerum en obturans 141 
Cervical cysts  193 
Cervical fasciae 169,171 
Cervical fis tu las 193
Cervical flexure  (Flexura cervicalis), prim ary 

brain vesic les 228 
Cervical lym ph node m etastases, in jury o f the  

N. hypoglossus 208 
Cervical part o f too th  70 
Cervix
-  (Cornu posterius, M edulla spinalis) 334
-  dentis 70 
Chalazion 108 
Cheek glands 91 
Cheilognathopalatochisis 80
Chiasma opticum  112, 115, 131-132, 223, 234, 

2 3 8 -2 3 9 , 241, 245, 248, 259, 266, 269,
274-275, 278, 2 92 -2 9 3 , 299

-  median lesions 299 
Choana 15, 20, 36 
C holesteatom a 157
Chorda tym pan i 51, 89, 96, 143-144, 146-148,

302, 3 07 -310 , 312
-  functiona l loss 147
-  in jury 307
-  testing  147 
Choroidea 101, 125-127
-  p rim ord ium  100 
Chylous fistu la  207 
Ciliae 104, 106, 123 
C iliary body 127 
C ingulum  254 
C irculus arteriosus
-  cerebri (W ILLIS II) 217 ,268
-  -  cerebral aneurysm s 267
-  iridis
-  -  m ajor 126
------m inor 126
C ircum ventricu lar organs 264 
Cisterna
-  am biens 227, 2 7 9 -2 8 0 , 2 8 5 -2 8 8 , 293
-  basalis 318
-  cerebellom edullaris 227, 275
-  chiasm atica 227, 259, 287
-  fossae lateralis cerebri 227, 2 77 -2 8 0 , 2 8 3 -

287, 289
-  interpeduncularis 227, 241, 259, 274, 278,

287
-  lam inae te rm ina lis  277
-  lum balis 332
-  pericallosa 259, 277, 2 7 9 -2 8 0 , 283, 2 8 5 -

286
-  pontis 278
-  pontocerebellaris 227, 240, 259, 278
-  quadrigem inalis 280 
C LAU D IU S ' cells, organ of CORTI 156 
C laustrum  240, 2 56 -257 , 2 77 -279 , 2 8 3 -2 8 6 ,

289
Clavicula 166-167, 170-171, 198, 201, 203,

205
C le ft palete 82, 150 
C livus 1 2 -1 3 ,2 5 ,3 1 ,3 6  
C losed-angle glaucom a 127 
CNS (central nervous system ) 214
-  d irectional and positional in form ations 215
-  organisation 231
Cochlea 134, 137-138, 148, 151-153, 155-156
-  basal vo rtex  148
Cochlear labyrinth 138, 154, 159 
Colliculus 180
-  facialis 246, 259
-  in ferio r 1 5 8 -1 5 9 ,2 1 5 ,2 4 3 ,2 4 6 -2 4 7 ,2 8 0 ,

287, 292
-  superio r 1 3 1 -1 3 2 ,2 1 5 ,2 3 4 ,2 4 3 ,2 4 5 -2 4 7 , 

280, 286, 292
Collum  2 0 4 -2 0 5 , 209
-  m allei 142, 147
-  m andibulae 35, 3 7 -3 8  
Colum ella 58 
Columna
-  anterio r (M edulla  spinalis) 3 3 4 -3 3 5
-  fo rn ic is  2 3 8 -2 3 9 , 247-248, 257, 2 62 -2 6 4 , 

274, 278, 2 8 3 -2 8 6

C o l u m n a

-  interm edia (M edulla  spinalis) 3 3 4 -3 3 5
-  poste rio r (M edulla  spinalis) 3 3 4 -3 3 5  
Coma, protrusion  of the  tongue 86 
Com m issura
-  alba 334
-  -  anterio r 334
-  anterior 182, 187, 236, 2 3 8 -2 3 9 , 241, 247 -

248, 254, 259, 264, 269, 275, 278, 2 8 5 -  
286, 2 8 8 -2 8 9 , 292, 296

-  fo rn ic is  2 3 8 -2 3 9 , 284
-  habenularum 2 4 1 ,2 5 4 ,2 6 4
-  lateralis palpebrarum  1 04 ,106
-  m edialis palpebrarum  1 04 ,106
-  poste rio r 241, 247, 254, 264, 269, 285 
C om m issural trac ts  254
-  he te rotop ic /hom otop ic  fib res  254 
C om plete  paraplegia 333, 340 
C om puted tom ography (CT)
-  chronic s inusitis  64
-  eye 130
-  head 265
-  inner ear 148
-  m idd le  ear 148
-  parapharyngeal abscess 170
-  thyrog lossal cys t 193 
Concha
-  auriculae 139
-  nasalis
-  -  in ferio r 5, 2 5 -2 6 , 28, 5 9 -6 1 , 6 3 -6 4 , 66,

110
-  -  media 6, 25, 28, 5 9 -6 1 , 6 3 -6 4 , 66, 91,

110, 124
-  -  superio r 25, 6 0 -6 1 , 66
-  sphenoidalis 30 
Conductive hearing loss 142
Condylar fracture, tem porom andibu lar jo in t 38 
Condylus occip ita lis  7, 14-15, 149, 173, 322 
Cone (bipolar) cells, retina 131, 298 
C onfluens sinuum  218, 222, 224, 259, 292 
Congenita l deafness 137 
C on io tom y 166 
Conjunctiva 106
-  inflam m ation  104 
C on junctiv itis  104 
Conus
-  e lasticus 182-183, 185, 188, 191
-  m edullaris 325, 327, 332 
Conus m edullaris syndrom e 324 
Cornea 101, 123, 125, 127-128
-  radius o f curvature 126
-  re fractive  index 126 
Corneal transplantation 124 
Cornu
-  anterius (M edulla spinalis) 3 3 4 -3 3 5 , 3 3 8 -  

339
-  fron ta le  (Ventriculus lateralis) 2 3 9 -2 4 0 , 247, 

2 5 8 -2 5 9 , 2 62 -2 6 4 , 272, 274, 2 76 -278 , 
2 82 -2 8 5 , 288, 293

-  inferius (Cartilago thyroidea) 180—181, 184—
185, 189

-  laterale (M edulla  spinalis) 3 3 4 -3 3 5
-  m ajus (Os hyoideum ) 45, 51, 68, 8 4 -8 7 , 94, 

172-173, 181, 184-186, 189, 192
-  m inus (Os hyoideum ) 68, 8 4 -8 7 , 181, 184,

186, 192
-  occ ip ita le  (Ventriculus lateralis) 230, 240,

242, 2 5 8 -2 5 9 , 2 61 -263 , 274, 280, 2 8 4 -2 8 5 ,
289

-  posterius (M edulla spinalis) 3 3 4 -3 3 5
-  superius (Cartilago thyroidea) 179—181, 183— 

186, 189, 192
-  tem pora le  (Ventriculus lateralis) 2 3 9 -2 4 0 , 

257-259, 2 61 -262 , 2 74 -276 , 2 78 -2 8 0 , 
2 8 6 -2 8 9 , 293

Corona
-  ciliaris 127
-  clinica dentis 70
-  radiata 255, 281 
Coronal suture 8, 19 
Corpus(-ora)
-  adiposum
-  -  buccae (BICHAT's fa t pad) 40, 42, 90

C o r p u s ( - o r a )  a d i p o s u m

-  -  orbitae 63, 112, 115, 117, 123-124, 130
-  -  p reep ig lo tticum  175-176, 181, 183, 188
-  am ygdaloideum  2 3 8 -2 4 0 , 278, 287, 289, 

296
-  callosum  2 3 3 -2 3 4 , 236, 2 3 8 -2 4 0 , 247-248, 

2 5 4 -2 5 5 , 257, 2 6 0 -2 6 4 , 269, 2 75 -2 8 0 , 
2 82 -2 8 5 , 288, 292

-  cavernosum  (Saccus lacrimalis) 110
-  ciliare 125, 127, 130
-  fo rn ic is  238-241, 262, 269, 278, 283
-  genicu la tum
-  -  laterale 1 3 1 -1 3 2 ,2 4 5 -2 4 7 ,2 5 5 -2 5 6 ,2 7 9 ,

286, 299
------m ediale 1 5 8 -1 5 9 ,2 4 5 -2 4 7 ,2 7 9 ,2 8 6
-  incudis 142, 144, 146
-  linguae 81, 86
-  m am illare 234, 2 3 8 -2 3 9 , 241, 245, 248,

257, 269, 275, 278, 287
-  -  destruction  238 
 a lcohol abuse 238
-  -  -  m em ory  loss 238
-  -  m em ory  func tion  238
-  m andibulae 6, 3 4 -3 5 , 84
-  m axillae 23, 102
-  m edullare cerebelli 250
-  nuclei caudati 240, 243, 247, 2 61 -264 , 276,

2 78 -2 7 9 , 282, 288
-  ossis
-  -  hyoidei 68, 8 4 -8 6 , 184, 192 
 sphenoidalis 25, 2 9 -3 0 , 36, 102
-  pineale 215
-  stria tum  339
-  vertebrae 332
-  v itreum  125, 130 
Cortex 251
-  cerebelli 250, 253
-  cerebri 219
-  lentis 128
CORTI, organ o f (Organum spirale) 134, 156
-  BOTTCHER's cells 156
-  C LA U D IU S 'ce lls  156
-  HENSEN's cells 156
-  inner border ce lls 156
-  inner hair ce lls 156 ,313
-  inner phalangeal cells 156
-  inner p illar ce lls 156
-  interdenta l cells 156
-  ou te r border cells 156
-  ou te r hair cells 156
-  outer phalangeal ce lls 156
-  ou te r p illar cells 156
-  ou te r tunnel 156
-  tym pan ic  am orphous substance 156 
Cortical am aurosis 132
Cortical association areas 237, 342 
Cortical b lindness 132 
Cortical p rojection trac ts  256 
Cranial arachnoid m ater 2 26 -2 2 7  
Cranial base
-  external surface 14-16
-  -  foram ina (contents) 16
-  fractures 8, 16
-  internal surface 12-13 ,17  
 foram ina (contents) 16-17
-  -  passageways o f vessels and nerves

268
Cranial de fects  230 
Cranial nerves 290, 294, 339
-  course in the  m iddle cranial fossa 292 -2 9 3
-  innervation s ites 291
-  nuclei 2 9 4 -2 9 5
-  nuclei o f orig in 295
-  te rm ina l nuclei 295 
C raniopharyngeom a 175 
Craniostenoses 21 
C raniosynostosis 21 
Cranium 5, 19 -2 0
-  b ifidum  230
-  o f a new born  18 
C rem aster re flex 336

352



Index

C rico-arytenoid jo in t
-  a rthrosis 183
-  rheum ato id  a rth ritis  183 
C ricoid cartilage 180 
C ricothyro id  m uscle 184 
Crista
-  am pullaris 157
-  arcuata 180
-  conchalis 23
-  e thm oida lis 23, 25
-  fenestrae  cochleae 153
-  fron ta lis  11-12
-  galli 10, 12, 2 4 -2 5 , 28, 222
-  infra tem pora lis 14, 30, 44
-  lacrimalis
-  -  anterior 23, 2 8 -2 9 , 102, 111 
 poste rio r 2 8 -2 9 , 102, 111
-  nasalis 5, 10, 26, 59
-  occip ita lis
------externa 15
------ interna 12, 31
-  sphenoidalis 24, 30
-  supram astoidea 32
-  transversa 152-153
-  vestibu li 153
-  zygom aticoalveolaris 23, 27 
Crown o f too th  70 
Crus(-ra)
-  anterius
------(Capsula interna) 243, 2 5 5 -2 5 6 , 277,

2 8 4 -2 8 6 , 288
-  -  (Stapes) 142, 146
-  antihelicis 139
-  breve (Incus) 142, 146
-  cerebri 245, 257, 287, 293, 295
-  forn ic is 2 3 8 -2 3 9 ,2 6 1 -2 6 3 ,2 7 4 ,2 7 9 -2 8 0 , 

2 82 -2 8 3 , 288
-  helicis 139
-  laterale (Cartilago alaris major) 58, 60
-  longum  (Incus) 141-142, 146-147
-  m ediale (Cartilago alaris major) 5 8 -5 9
-  m em branaceum
------com m une 154
------s im plex 154
-  osseum
-  -  com m une 152-153 
 s im plex 153
-  posterius
------(Capsula interna) 243, 2 5 5 -2 5 6 , 2 8 4 -2 8 6
-  -  (Stapes) 142, 146 
C ryptae tonsillares 81 
Culm en 2 4 8 -2 4 9 , 252 -253  
Cuneus 233, 236, 238, 282 -2 8 4  
Cupula 157
-  cochleae 152-153
-  p leurae 210 
Cuspis dentis 70 
Cyclopia 101 
Cym ba conchae 139

D
D acryoadenitis 108, 111
-  reduced eyelid opening 108 
D acryocystitis  111 
D acryolithiasis 111 
Dacryostenosis 111
-  pers is ten t HASNER's m em brane 111 
Deafness, congenita l 137
Declive 2 4 8 -2 4 9 , 252 -2 5 3  
Decussatio
-  lem niscorum  337
-  pedunculorum  cerebellarium  superio- 

rum 248, 250
-  pyram idum  255, 257, 327 
DEITERS' nucleus (Ncl. vestibu laris latera

lis) 160, 294, 313
Dens(-tes)
-  axis 275
-  caninus 6 9 -7 3 , 7 5 -7 6 , 80, 92
-  decidu i 18, 71, 74
-  extractus 85

D e n s ( - t e s )

-  incisivus(-i) 6 9 -7 3 , 7 5 -7 6 , 80, 92
-  molaris(-es) 28, 63, 6 9 -7 3 , 7 5 -7 6 , 80, 92 
 (serotinus) 69, 7 2 -7 3 , 75, 80, 92
-  perm anentes 72 -74
-  prem olaris(-es) 69, 7 2 -7 3 , 7 5 -7 6 , 80, 92 
Dental alveoli, upper ja w  23
Dental arch
-  low e r jaw  69
-  upper ja w  69 
Dental fluorosis 73 
Dental form ula 71
-  m ilk tee th  71
-  o f th e  adult 71 
Dental roo t 70 
D entinum  70
DESCEM ET's m em brane (Lamina lim itans pos

terior) 125 
D esm odontium  70 
D iabetes insip idus 244 
D iaphragma
-  oris 84
-  sellae 223 
D iarthrosis 181 
D iastatic fractures 8
Diencephalon 215, 2 2 8 -2 2 9 , 231, 233, 241,

245, 269
-  deve lopm ent 229
D iffuse  off-ganglion  cells, retina 298 
D igital subtraction  angiography (DSA) 217 
D iploe (Calvaria) 11,219—220 
Diplopia
-  lesions
------o f the  N. abducens 112
------o f the  N. troch learis 112
-  palsy o f the  ocu lom oto r nerve 113 
D isc prolapse 331
D iscus
-  articularis (A rt. tem porom andibularis) 3 7 -  

39, 4 4 -4 5
-  intervertebra lis 3 3 0 -3 3 2
-  nervi optic i (blind spot) 125, 129, 265 
D istal 6 9 -7 0
D itha lam ic jo in t 37
D iverticu lum , pharyngo-oesophageal 172 
Dorsum
-  linguae 68, 8 0 -8 2 , 86, 89, 179
-  sellae 10, 12-13, 24, 30, 36 
D orsum  o f the  tongue
-  innervation 81
-  taste  qualities 81 
D rooping eye 41, 111 
D ry eye 79
D ry m outh  syndrom e 92
DSA (digital subtraction angiography) 217
Ductuli excretorii (Gl. lacrimalis) 107, 110
D uctus
-  cochlearis 154-157
-  endo lym phaticus 154-155
-  lym phaticus dexte r 57, 206
-  nasolacrim alis 110-111 
 entrance 60
-  parotideus (STENON's duct) 40, 4 2 -4 3 , 46, 

90, 9 2 -9 3 , 173
-  reuniens 154
-  sem icircularis(-es) 137, 155
-  -  anterior 151, 154
-  -  lateralis 146, 151, 154 
------poste rio r 151, 154
-  sublingualis(-es)
------m ajor 9 4 -9 5
------m inores 9 4 -9 5
-  subm andibu laris 63, 9 3 -9 5
-  thoracicus 206, 210
-  thyrog lossus 193 
 cyste 193
-  u triculosaccularis 154 
Dura m ater 154, 2 20 -2 2 2
-  cranialis 63, 115, 150, 2 19 -220 , 2 22 -223 , 

225, 229, 268, 2 96 -2 9 7
-  dural venous sinuses 224
-  spinalis 1 7 5 -1 7 6 ,3 2 7 ,3 2 9 -3 3 2

Dural sac (subarachnoid space) 332
-  opened 327
Dural venous sinuses 219, 222, 224 
Dysarthria, lesions o f the  N. hypoglossus 323 
Dysdiadochokinesia 252 
D ysm etria  252 
D ysostosis m andibulofacia lis 

(FRANCESCHETTI's syndrom e) 137 
Dysphagia, lesions of the  N. hypoglossus 323 
Dysphonia 185 
Dystonia 240

E
Ear 133-160
-  cholesta tom a 157
-  deve lopm ent 136 
Ear placodes 136
EDINGER-W ESTPHAL nucleus (Ncl. accessori

us nervi ocu lom otorii) 118, 291, 2 9 4 -2 9 5 , 
301

Electroneurography, peripheral nerve palsy 311 
Eminentia
-  arcuata 10, 33
-  c o lla te ra l 2 6 1 ,2 8 6 -2 8 7 ,2 8 9
-  cruc ifo rm is 31
-  m edialis 246 -2 4 7
-  pyram idalis 145-147 
Enamel defects
-  hypovitam inosis D (rickets) 73
-  te tracyc lines 73 
Enamelum 70
Encephalo(cysto)cele (Hernia cerebri) 230 
Encephalon 214, 2 2 5 -2 2 9 , 231, 274-282,

2 8 4 -2 8 9  
Endocrine o rb itopathy 123 
Endolym phatic space 157 
Endoscopy, nasopharynx 175 
Endotracheal intubation 182 
Enophthalm os, b low -ou t fracture  103 
Enteric nervous system  341 
Ependym um  262 
Epicritic sensib ility , neurons 337 
Epidural anaesthesia 331 
Epidural b leeding 220 
Epidural haem atom a 11,221 
Ep ig lo ttic  cartilage 180 
Ep ig lo ttis  81, 89, 179, 185-187, 189
-  acute bacteria l in fections 189
-  position  during sw a llow ing  188 
Epilarynx 186
Epilepsy
-  callosotom ia 260
-  split-brain operation 260 
Epiphora 41, 111
Epistaxis, locus o f KIESSELBACH 66 
Epithelium  anterius 125 
Epitym panon 143
Equilibrium  (balance) pathw ay 160, 313
-  tes ting  158
ERB's po in t (Punctum  nervosum ) 47, 197 
E thm oid bone 22 
Ethm oidal cells 122
-  inflam m ation  28
EUSTACHIAN tube (Tuba auditiva [audito

rial) 137-138, 141, 144, 146, 149-150, 155,
308, 314

-  deve lopm ent 136 
Excavatio disci 125 
Exophthalm us 195
-  hyperthyro id ism  195 
External acoustic m eatus 140 
External carotid a rte ry  53 
External genu o f the  facial nerve 307 
External surface o f cranial base 14-16
-  foram ina (contents) 16 
Extra-ocular m uscles 112, 114, 130
-  func tion  113
-  innervation 113
-  nerve lesions 301
-  palsies 114
Extrapyram idal m o to r system  339



Index

Eye m ovem ents, incoord ination 253 
Eye (Oculus) 104
-  a rte ries 116
-  com puted tom ography 130
-  deve lopm ent 100-101
-  developm enta l d e fec ts  101
-  d ry eye 79
-  MRI 130
-  nerves 121
-  re fractive  index 126
-  tea r film , s lit lam p exam ination 108
-  u ltrasound exam ination 130
-  veins 116
Eye surfaces, structu res 106 
Eyeball (Bulbus oculi) 125 ,130
-  b loodvesse ls  126
-  d im ensions 126 
Eyelids 106
-  inflam m ation  108

F

Face, c le ft fo rm ations 80 
Facial m uscles 4 0 -4 3 , 105, 173 
Facial nerve, d iagnosis 147 
Facial nerve palsy 54
-  BELL's phenom enon 105 ,310
-  e lectroneurography 311
-  narrow ing o f the  palpebral fissure  104
-  SCHIRM ER 's te s t 108, 311
-  stapedius re flex te s t 311
-  testing  o f the  m oto r func tions  311 
Facial region
-  ascending transm ission  o f germ s, cavernous 

sinus th rom bos is  116
-  in flam m ations, sinus th rom bos is  53 
Facial skin, innervation 306
Facies
-  anterior
-  -  (Iris) 125
-  -  (Lens) 127-128
-  -  (Maxilla) 23
-  -  palpebrae 106
-  -  partis petrosae 12, 33
-  articularis
-  -  (A rt. tem porom andibularis) 44
-  -  a rytenoidea cricoideae 180
-  -  (Incus) 142
-  -  (M alleus) 142
-  -  (Os tem pora le) 32, 38 
 thyro idea 180, 182
-  cerebralis
- --(Os sphenoidale) 30 
------(Os tem pora le) 33
-  contactus (Dens m olaris) 70
-  d ista lis (Dens molaris) 70
-  externa
------(Os frontale) 22
------(Os parietale) 43
-  in ferio r linguae 83, 87, 92
-  infratem pora lis (Maxilla) 23
-  interna
------(Os frontale) 29
-  -  (Squama fronta lis) 24
-  lateralis (Os zygom aticum ) 5
-  lingualis (Dens m olaris) 70
-  m axillaris (Os sphenoidale) 30
-  m edialis hem ispherii cerebri 269
-  m esialis (Dens molaris) 70
-  nasalis (Maxilla) 23
-  orbita lis
-  -  (Ala m ajor ossis sphenoidalis) 6, 2 8 -3 0 ,

102
-  -  (Maxilla) 23, 102-103
-  -  (Os fronta le) 102-103 
 (Os tem pora le) 22
------(Os zygom aticum ) 5, 28, 102
-  posterio r
------(Cornea) 127
-  -  (Iris) 125, 127
-  -  (Lens) 125, 128
-  -  palpebrae 106

F a c i e s  p o s t e r i o r

-  -  partis petrosae 33, 150
-  tem pora lis
------(Ala m ajor ossis sphenoidalis) 30, 149
------(Os frontale) 43
------(Os tem pora le) 22, 32
-  vestibu laris (Dens m olaris) 70
Falx cerebri 219, 2 21 -222 , 272, 276, 292 
Fascia
-  cervica lis 4 0 -4 2 , 90, 93, 166, 169-171, 

175-176, 191-192
-  m asseterica 90, 93, 171
-  oesophagea 169
-  parotidea 41, 90, 170
-  pharyngobasilaris 172-173, 179
-  tem pora lis  42 
Fasciculus(-i)
-  anterolateralis 337
-  cuneatus (BURDACH's tract) 2 4 6 -2 4 7 ,3 3 4 , 

3 3 6 -3 3 7
-  gracilis (GOLL's tract) 246-247, 334, 3 3 6 -  

337
-  interfascicu laris (SCHULTZE's com m a 

tract) 336
-  in terventricu laris (triangle o f PHILIPPE- 

GO M BAULT) 336
-  longitudinalis
-  -  in ferio r 254
-  -  m edialis 158, 160, 248, 250, 257, 336
-  -  superio r 254
-  m am illo tegm enta lis  244
-  m am illotha lam icus 238, 244, 257, 286
-  m edialis (Plexus brachialis) 201
-  m uscularis accessorius 172
-  proprii
-  -  anteriores 336 
 laterales 336
-  -  posteriores 336
-  septom argina lis (oval bundle of 

FLECHSIG) 336
-  uncinatus 254 
Fastig ium  248, 259 
Fenestra
-  cochleae 145, 153-154, 157
-  vestibu li 145, 152-153, 157 
Fibrae
-  arcuatae cerebri 254
-  circulares (M . ciliaris) 125
-  corticonucleares 243,311
-  corticore ticu lares 243, 256
-  corticorubra les 243, 256
-  corticosp ina les 243, 2 5 5 -2 5 6 , 339
-  corticotha lam icae 243, 256
-  m erid ionales (M . ciliaris) 125
-  occ ip itopontinae 255
-  o livospina les 336
-  parie tooccip itopontinae 243
-  parie topontinae 255
-  pontocerebellares 339
-  tem poropontinae 255
-  tha lam oparie ta les 243, 256, 337
-  zonulares 127 
Filum(-a)
-  o lfactoria  60, 67, 296
-  -  p rojections and synaptic connections 297
-  radicularia (Nn. spinales) 332, 334
-  te rm ina le  325, 327, 332
Fimbria hippocam pi 2 3 8 -2 3 9 , 2 61 -262 , 2 7 9 -

280, 2 8 4 -2 8 6 , 289, 296 
Fissura(-ae)
-  calcarina 298
-  cerebelli 250
-  horizontalis (Cerebellum ) 245, 249, 252 -253
-  infraorb ita lis  78
-  longitudinalis cerebri 226, 2 32 -2 3 4 , 239, 

257, 260, 263, 274, 277 -287
-  mediana anterio r (M edulla  spinalis) 3 2 7 ,3 3 4
-  nodulofloccularis 253
-  orbita lis
-  -  in ferio r 5, 14-16, 2 7 -2 8 , 7 8 -7 9 , 102-103,

109, 112, 115 
----------contents 16

F i s s u r a ( - a e )  o r b i t a l i s

-  -  superio r 5, 12-13, 17, 28, 3 0 -3 1 , 102,
114-115, 268

-  —  contents 17
-  petrooccip ita lis  12
-  petrosquam osa 12, 32, 38
-  petro tym panica (GLASERIAN fissure) 3 2 -  

33, 38
-  posterola teralis 249, 252 -253
-  prima (Cerebellum) 248, 252 -2 5 3
-  pterygoidea 30
-  p terygom axillaris 102
-  secunda (Cerebellum) 252 -2 5 3
-  sphenopetrosa 13, 15-17, 38, 150, 223, 308
-  -  contents 16-17
-  transversa cerebri 283
-  tym panom asto idea 32
-  tym panosquam osa 38
FLECHSIG, oval bundle o f (Fasciculus septo 

m arginalis) 336 
FLECHSIG's trac t (Tractus spinocerebellaris 

posterior) 2 5 1 ,3 3 6 ,3 3 8  
Flexor m uscle re flexes o f the  spinal cord 3 3 5 -

336 
Flexura
-  cervica lis 228
-  m esencephalica 228
Flocculus 239, 247, 249, 251, 253, 280 
Floor o f the  m outh , m uscles 85 
Fluorapatite 74
Fluorescence angiography, ocular fundus 129 
Folium  verm is 248, 252 -253  
Fontanelle(s) 18 -20
-  sinus m axillaris, accessory opening in the 

m edial w all 65
Fonticulus
-  anterior 18-19
-  m asto ideus 18-20
-  poste rio r 18 -20
-  -  d e fe c t 2 2 9 -2 3 0
-  sphenoidalis 18-19 
Foot sole re flex 336 
Foramen(-ina)
-  alveolaria 23, 27, 78
-  apicis dentis 70
-  caecum  10, 12, 193 
 linguae 8 1 -8 3
-  cribrosa 10, 12, 17, 22, 2 4 -2 5 , 59, 103, 268
-  e thm oidale
-  -  anterius 2 8 -2 9 , 102
-  -  posterius 2 8 -2 9 , 102
-  fron ta lis  102
-  incisivum (-a) 1 4 -1 6 ,2 3 ,2 6  
 contents 16
-  infraorb ita le  6, 18, 23, 28, 62, 102
-  interventricu lare (foram en o f M ONRO) 218, 

229, 238, 241, 2 47 -248 , 2 5 8 -2 5 9 , 2 62 -264 , 
269, 273, 284, 292

-  intervertebra le  332
-  jugulare 12-17, 151-152, 178, 268, 314-316, 

318 -3 2 0
------contents 16-17
-  lacerum  12-17, 149, 151-152, 268 
 contents 16-17
-  linguale 35
-  M AGENDII 259
-  m agnum  1 2 -1 4 ,1 6 -1 7 ,2 0 ,3 1 ,2 2 2 ,2 6 8  
 contents 16-17
------various types o f herniation 230
-  m andibulae 3 4 -3 5 , 69, 85
-  m asto ideum  9 -10 , 12, 14, 1 6 ,3 2 -3 3
-  m enta le  6 -7 , 18, 3 4 -3 5 , 40, 69, 7 5 -7 6 , 85
-  o f M ONRO S e e  Foramen interventricu lare
-  ovale 12-17, 27, 31, 149-152, 268 
 contents 16-17
-  palatinum(-a)
------m ajus 14-16, 26, 69, 80
----------contents 16
-  -  m inora 15-16 , 26 
 contents  16
-  parietale 8 -10
-  ro tundum  12-13, 17, 2 9 -3 1 , 78, 151, 268
-  -  contents  16-17
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F o r a m e n ( - i n a )

-  singulare 152
-  sphenopalatinum  25, 29, 67, 78, 102
-  sp inosum  1 2 -1 7 ,2 7 ,3 1 ,1 5 1 ,2 6 8  
 contents 16-17
-  sty lom asto ideum  14-16, 33, 145, 147, 3 0 7 - 

308
------contents 16
-  supraorbitale 5, 18, 102-103
-  venae basivertebralis 332
-  zygom aticofacia le  5 ,2 7 -2 8 , 102
-  zygom aticoorb ita le  29, 102, 109 
Forceps
-  m ajor 254
-  m inor 254, 282, 2 8 4 -2 8 5  
Foreign bodies, aspiration 176 
Form atio re ticularis 2 51 ,33 4
-  m otor func tion  342
Fornix 236, 238-241, 247-248, 257, 2 61 -264 , 

269, 2 74 -276 , 2 7 8 -2 8 0 , 2 82 -2 8 6 , 288, 292
-  conjunctivae
-  -  in ferio r 104, 110, 123
-  -  superio r 110, 123
-  fib re  connection  238
-  sacci lacrim alis 110 
Fossa
-  canina 23
-  cerebellaris 13, 31
-  condylaris 15
-  cranii
-  -  anterio r 13, 122 
 media 13, 148
-  -  poste rio r 13, 148, 318
-  digastrica 3 4 -3 5
-  glandulae lacrim alis 22, 102-103
-  hypophysialis 1 2 ,2 4 ,3 1 ,3 6 ,2 2 3
-  incisiva 14-16, 26, 59
-  incudis 145-146
-  infraorb ita lis  112
-  infra tem pora lis 15 ,27
-  interpeduncularis 234, 248, 257, 276, 287
-  jugularis 14, 33, 162
-  lateralis cerebri 2 3 3 -2 3 4 , 236, 261, 2 7 6 -  

277
-  m andibularis 1 5 ,3 2 -3 3 ,3 7 -3 9 ,4 4 -4 5 ,8 2 ,  

149
-  p terygoidea 1 0 ,3 0 ,5 9
-  p terygopalatina 27, 29, 7 8 -7 9 , 102 
 a rteries 79
-  -  veins 79
-  re trom olaris 34
-  rhom boidea 2 4 6 -2 4 8
-  sacci lacrim alis 7, 27, 29, 102-103
-  scaphoidea 30
-  subarcuata 12, 33
-  supraclavicularis m ino r 4, 171
-  supratonsillaris 68, 82
-  tem pora lis 122
-  triangularis 139 
Fossula(-ae)
-  fenestrae
------cochleae 145, 147, 153
------vestibu li 145
-  petrosa 14, 33
-  tonsillares 81 
Fovea
-  centralis 125, 129, 298
-  in ferio r 246
-  oblonga 180
-  p terygoidea 34, 38
-  sublingualis 3 4 -3 5
-  subm andibu laris 3 4 -3 5
-  superio r 246
-  triangularis 180
-  troch learis 102 
Foveola(-ae) 129
-  granulares 11
-  supram eatalis 32
FRANCESCHETTI's syndrom e (Dysostosis 

mandibulofacia lis) 137 
Frankfurter [German] horizontal line (Linea hori- 

zontalis auriculoorbitalis) 7, 220

Frenulum
-  labii
------in ferio ris 68
------superioris 68
-  linguae 83, 87, 92
-  veli m edullaris superioris 246-247, 250, 287 
FRENZEL's lenses (glases), nystagm us 158 
Frons 5
Frontal bone 5, 22, 122 
Frontal lobe 233 
Frontal sinus 122
-  deve lopm ent 64 
Frontal suture 19 
Functional cortica l areas
-  o f the  cerebral hem ispheres 237 
Fundus
-  m eatus acustic i interni 152
-  oculi 129, 265 
Funiculus
-  anterior (M edulla  spinalis) 327, 334
-  lateralis
------(M edulla  oblongata) 246
-  -  (M edulla  spinalis) 327, 334
-  poste rio r (M edulla  spinalis) 279, 327, 334

G
Gag reflex 84
-  lack o f 315
Galea aponeurotica 4 0 -4 3 , 63, 219 -220  
G ALEN 's anastom osis (Ansa GALENI) 189 
G ALEN 's vein (V. magna cerebri) 131, 218,

222, 248, 259, 2 6 3 -2 6 4 , 269, 2 72 -273 , 280, 
285, 292

Ganglion cells, retina 131, 2 9 8 -2 9 9  
Ganglion(-ia)
-  cervicale 
 inferius 210
-  -  m edium  1 7 8 -1 7 9 ,2 0 1 ,2 0 9 -2 1 0
-  -  superius 79, 132, 178-179, 201, 241, 314
-  cerv ico thorac icum  (stellatum ) 178-179, 209, 

341
-  ciliare 96, 118-119, 121, 132, 300, 3 0 2 -3 0 3 ,

341
-  coeliaca 316-317,341
-  genicu li 77, 79, 147, 151, 3 0 7 -3 0 8 , 311 
 lesions 308
-  im par 326
-  inferius
------(N. g lossopharyngeus) 148, 1 78 ,31 4 -31 5
-  -  (N. vagus) 178 -1 7 9 ,31 6 -3 21
-  m esentericum  
 inferius 341
------superius 316-317, 341
-  o ticum  9 6 ,3 0 2 -3 0 3 ,3 1 4 -3 1 5 ,3 4 1
-  p terygoideum  77
-  p terygopalatinum  77-79 , 96, 109, 121, 300, 

3 0 2 -3 0 3 , 307, 309, 341
-  sensoria nervorum  spinalium  327
-  sensorium  nervi spinalis 3 37 -3 3 8
-  spinale 325
-  spirale cochleae 159 ,31 2 -31 3
-  sublinguale 96
-  subm andibu lare 51, 89, 93, 9 5 -9 6 , 3 0 2 -

303, 307, 309, 341
-  superius
------(N. g lossopharyngeus) 314 -315
-  -  (N. vagus) 178, 3 16 -3 2 0
-  sym path icum  accessorium  201
-  trigem ina le  (Ganglion sem ilunare, Ganglion 

GASSERI) 77, 117-118, 147, 150, 223, 293, 
3 0 2 -3 0 3

-  vestibu läre 151, 160 ,31 2 -31 3  
General som ato -a ffe ren t fib res  (GSA) 2 9 4 -

295, 309
-  N. g lossopharyngeus [IX] 315
-  N. vagus [X] 318
General som ato -e ffe ren t fib res  (GSE) 2 9 4 -  

295, 309
-  N. hypoglossus [XII] 323
-  N. vagus [X] 318

General v iscero -e ffe ren t fib res  (GVE) 2 9 4 -  
295, 318

-  N. g lossopharyngeus [IX] 315
-  N. vagus [X] 318 
Geniculum  312 
Genu
-  capsulae internae 243, 2 5 5 -2 5 6 , 278, 2 8 4 -  

285
-  corporis callosi 236, 238, 2 5 4 -2 5 5 , 2 6 2 - 

264, 269, 275, 2 8 3 -2 8 4 , 288
German [F rankfurter] horizontal line (Linea 

horizontalis auriculoorbitalis) 7, 220 
G igantism  244 
Gingiva 6 8 -6 9 , 92, 94 
Glabella 5, 22
Glands o f the  head, innervation 96 
Glandula(-ae)
-  buccales 91
-  labiales 68, 91
-  lacrim alis 63, 79, 96, 107, 109-110, 112,

116-119, 121, 124, 341
-  laryngealis 190
-  lingualis(-es) 8 3 ,9 1 ,9 5 -9 6
-  -  anterio r (gland o f BLAN D IN -N U H N ) 83,

96
-  m olares 91
-  nasales 59, 96
-  palatinae 80, 91, 96
-  parathyroidea
-  -  in ferio r 172, 179, 189, 191-192, 194 
 superio r 172, 189, 194
-  parotidea 40, 46, 54, 57, 9 0 -9 1 , 93, 96,

140, 165-167, 170, 172, 196, 2 0 4 -2 0 5 , 208,
314

-  -  accessoria 42, 90, 93
-  -  sw e llings 42
-  pharyngeales 172
-  p inealis 2 4 1 ,2 4 5 -2 4 8 ,2 6 3 -2 6 4 ,2 6 9 ,2 8 0 , 

285, 292, 295
-  p itu itaria  61
-  salivariae
-  -  m ajores 91, 95
-  -  m inores 91
-  -  oris 91, 341
-  sublingualis 51, 63, 88, 91, 9 3 -9 6 , 307
-  subm andibularis 42, 91, 9 3 -9 6 , 166, 172, 

198-199, 204, 208, 307
-  suprarenalis 341
-  tarsales (M E IB O M IA N  glands) 106
-  thyro idea 57, 166-167, 169, 172, 178, 189, 

191-195, 1 99 -200 , 205, 207
GLASERIAN fissure  (Fissura petro tym pan i- 

ca) 3 2 -3 3 , 38 
G laucoma 127, 129 
G lobus pallidus 240
-  lateralis 240, 2 56 -257 , 278, 285, 2 8 8 -2 8 9
-  m edialis 240, 2 56 -257 , 278, 285, 2 8 8 -2 8 9
-  m oto r func tion  342 
G lom erulus, Fila o lfactoria  297 
G lomus
-  caroticum  314
-  choro ideum  262, 272, 289 
G lo ttic  oedem a 191
G lo ttis  (g lo ttic  space) 1 86 ,19 0
-  open ing /closure  182 
Gnathion 5
Goitre 194
GOLL's trac t (Fasciculus gracilis) 246-247,

334, 3 3 6 -3 3 7  
GOW ERS' tra c t (Tractus spinocerebellaris ante

rior) 251, 336, 338 
Granular ce lls, Fila o lfactoria  297 
Granulationes arachnoideae (PACCHIONIAN 

granulations) 2 19 -2 2 0 , 2 2 5 -2 2 6 , 259 
GRATIOLET's radiation (Radiatio optica) 131 — 

132, 243, 2 5 5 -2 5 6 , 2 8 4 -2 8 6 , 2 9 8 -2 9 9
-  lesions 132 
GRAVES' disease 123, 195
GSA (general som ato -a ffe ren t fibres) 291, 

2 9 4 -2 9 5 , 309
-  N. g lossopharyngeus [IX] 315
-  N. vagus [X] 318
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GSE (general so m ato -e ffe ren t fibres) 291, 
2 9 4 -2 9 5

-  N. hypoglossus [XII] 323 
G ustatory fibres, N. vagus [X] 318 
G ustatory im pa irm ent, lesions o f the N. vagus

[X] 319
G ustatory sw eating  (FREY's syndrom e) 90 
G ustom etry, facial nerve palsy 311 
GVA (general v iscero -a ffe ren t fibres) 291, 

2 9 4 -2 9 5 , 318
-  N. g lossopharyngeus [IX] 315
-  N. vagus [X] 318
GVE (general v isce ro -e ffe ren t fibres) 291, 

2 9 4 -2 9 5 , 309
-  N. facialis [VII] 310
-  N. vagus [X] 318 
Gyrus(-i)
-  am biens 287, 296
-  angularis 232, 2 3 5 -2 3 6 , 280, 282
-  breves insulae 235
-  cerebri 219, 232, 2 3 4 -2 3 6
-  cinguli 2 3 3 -2 3 4 , 236, 238, 255, 260, 262,

2 7 5 -2 8 6 , 288
-  dentatus 2 3 8 -2 3 9 , 2 61 -262 , 2 7 9 -2 8 0 , 286, 

296
-  fascio laris 2 3 8 -2 3 9 , 260
-  fronta lis
-  -  in ferio r 2 35 -2 3 7 , 2 76 -2 7 9 , 2 8 3 -2 8 6
-  -  m edius 232, 2 3 5 -2 3 6 , 260, 276-279,

281, 283
-  -  superio r 232, 2 3 5 -2 3 6 , 260, 2 76 -279 ,

281 -282
-  insulae 257, 2 76 -2 7 8
-  lingualis 234, 280, 2 86 -2 8 7
-  longus insulae 235
-  occ ip ita les 2 8 2 -2 8 4 , 286
-  occip ito fron ta lis
-  -  lateralis 279
-  -  m edialis 279
-  occ ip ito tem pora lis
-  -  lateralis 234, 236, 2 7 8 -2 8 0 , 287
-  -  m edialis 234, 236, 262, 2 7 8 -2 8 0
-  o rbita les 130, 234, 236, 277, 287
-  pallidus lateralis 278
-  parahippocam palis 2 3 3 -2 3 4 , 236, 238, 

261-262, 276, 2 7 8 -2 8 0 , 2 8 5 -2 8 9 , 296
-  paraolfactorius 296
-  paraterm inalis 236, 241, 277, 286, 288
-  postcentra lis 232, 2 35 -237 , 260, 2 7 9 -2 8 3 ,

337
-  precentralis 232, 2 35 -237 , 255, 260, 279, 

2 81 -283 , 311, 339
-  -  a rteries 271
-  preterm inalis 296
-  rectus 234, 238, 277, 287 -2 8 8
-  subm arginalis 235
-  supram arginalis 232, 236, 280-281
-  tem pora lis
-  -  in ferio r 2 3 4 -2 3 6 , 2 76 -2 8 0
-  -  m edius 2 3 5 -2 3 6 , 2 7 8 -2 8 0 , 2 8 4 -2 8 6
-  -  superio r 2 3 5 -2 3 6 , 2 76 -2 8 0 , 2 8 3 -2 8 6
-  -  transversus anterio r 237

H

Habenula 285
Hair cells, organ o f CORTI 156 ,313
HALLER 's ce lls 65
Hamulus
-  lam inae spira lis 153
-  p terygoideus 10, 14, 2 4 -2 5 , 27, 2 9 -3 0 , 36,

45, 59, 68, 80, 82, 149, 173
Hard palate 26, 80
HASNER's valve (Plica lacrimalis) 65, 110
-  persisten t, dacryostenosis 111 
Head
-  a rteries 49, 51, 216-217
-  autonom ic ganglia 96
-  c lassification of the  drainage regions 207
-  fron ta l section 63
-  innervation o f the  glands 96

H e a d

-  lym ph nodes 56, 206
-  nerves 46 -5 1
-  regions 4, 46 -5 1
-  sensory skin innervation 198
-  skin innervation 55
-  superfic ia l lym ph vessels 56, 206
-  veins 218
-  vessels 4 6 -4 8 , 50 
HEAD'S zones 326 
Heart, innervation 341 
Helicotrem a 154, 156 
Helix 139 
Hem ianopsia 299
-  b item pora l 132, 299
-  hom onym ous 1 32 ,299
-  intracerebral infarction 256
-  lesions o f the  nuclei o f tha lam us 243 
H em ilaryngectom y 180 
Hem iplegia
-  BROW N-SEQUARD 340
-  contralateral 240
-  intracerebral infarction 256
-  stroke 270
H em ispherium  cerebelli 227, 239, 245, 249, 

253, 266, 280, 287 -2 8 9  
HENSEN's cells, organ o f CORTI 156 
Hernia, Tonsilla cerebri 221 
HESCHL's transverse convolutions 159 
H etero top ic com m issura l trac ts  254 
Hiatus
-  canalis nervi petrosi m a joris/m inoris 268
-  m axillaris 25
-  oesophageus 319
-  sem ilunaris 25, 6 5 -6 6  
H ilum  nuclei
-  dentati 250
-  olivaris inferioris 257
H ippocam pus 2 3 9 -2 4 0 , 2 61 -2 6 3 , 274, 276, 

2 7 8 ,2 8 6 -2 8 9
-  fo rm ation  o f the  239 
Hoarseness, lesions of the  N. vagus 319 
HODGKIN'S lym phom a 163 
H om onym ous hem ianopsia 1 32 ,29 9  
H om otop ic  com m issura l trac ts  254 
H om unculus 237
H ordeolum  108 
Horizontal cells, retina 298 
HORNER's m uscle (M . orbicularis oculi) 4 0 -

43, 46, 105-106, 110-111, 123, 307
-  paralysis 41 
Hydrocephalus
-  e vacuo 265
-  externus 265
-  internus 265 
Hydrops cochleae 155 
Hyoid bone 8 4 -8 5 , 181-183 
Hypaesthesia, cerebral infarction 270 
Hyperacusis 146 
Hyperparathyro id ism  192 
H yperthyro id ism  195
-  exophthalm us 195
-  ophtha lm opathy 195 
Hypophysis
-  (Gl. p ituitaria) 1 1 5 ,2 2 2 -2 2 3 ,2 2 7 ,2 4 8 ,2 6 8 -  

269, 275, 278
-  pharyngealis 175 
Hyposm ia 297
-  septum  deviation 63
H ypothalam ic nuclei, anterior, m idd le  and pos

te rio r group 244 
H ypothalam us 215, 241, 244, 248, 269, 278,

2 85 -2 8 7  
H ypothyro id ism  195 
H ypotym panon 143
H ypovitam inosis D (rickets), enam el de fects  73

I
Im paired balance, vestibu locerebe lla r lesi

ons 253 
Im pedance m atching 138

Im pressio(-nes)
-  gyrorum  12
-  trigem ina lis  145, 150 
Im pression fracture  o f the  skull 8 
Incisor 70
Incisura
-  anterio r 139
-  fron ta lis  22, 28, 102
-  in terarytenoidea 187, 189
-  intertrag ica 139
-  jugularis 31
-  lacrim alis 23, 102
-  m andibulae 34, 39
-  m astoidea 9, 1 5 ,3 2 -3 3
-  nasalis (Maxilla) 23
-  parieta lis 3 2 -3 3
-  preoccip ita lis  233, 2 3 5 -2 3 6
-  pterygoidea 30
-  sphenopalatina 23
-  supraorb ita lis  22, 103
-  ten torii 222
-  thyro idea
-  -  in ferio r 180
-  -  superio r 180-181, 183-185
-  tym pan ica  147
Incus 136, 138, 141-143, 146-148, 157, 308, 

312
Indusium  griseum  239, 279, 2 8 3 -2 8 4  
In ferior nasal concha 26, 59 
In filtra tive  anaesthesia 77
-  o f the  tee th  77
-  upper ja w  77 
Infrahyoid m uscles 166-167 
Infratentorial herniation 249 
In fundibu lum  223, 229, 234, 245, 269, 274,

2 92 -2 9 3
-  e thm oida le  65
-  maxillare 65 
Inion 9
Inner border cells, organ o f CORTI 156 
Inner ear 134, 136-138, 151
-  b lood supp ly  155
-  com puted  tom ography 148
-  innervation 155
Inner hair ce lls, organ of CORTI 156, 313 
Inner jugular vein S e e  Vena jugularis interna 
Inner lim iting  m em brane, retina 298 
Inner phalangeal cells, organ o f CORTI 156 
Inner p illar cells, organ o f CORTI 156 
Inner subarachnoid space 259 
Insula (Lobus insularis) 229, 240, 256, 261 — 

263, 266, 270, 2 74 -275 , 279, 2 8 3 -2 8 5 , 289 
In terdental cells, organ o f CORTI 156 
Internal acoustic m eatus 152 
Internal capsule 243, 2 5 5 -2 5 6
-  som ato top ic  organization 256 
Internal genu o f the  facial nerve 309 
Internal surface o f the  cranial base 12-13, 17
-  foram ina 17
-  -  contents 16-17
-  passageways o f vessels and nerves 268 
In terpupillary d istance 126 
Interscalene brachial plexus blockade 209 
In testinum  tenue, innervation 341 
Intracerebral bleeding 221
Intraretinal chain 298 
Intraretinal space 100-101 
Intubation
-  endotracheal 182
-  granulom a, Plica vocalis 187 
In tum escentia  325
-  cervica lis 325, 327
-  lum bosacralis 325, 327 
Iridocorneal angle 127 
Iris 101, 104, 125, 127 
Isthm us
-  faucium  (oropharyngeal is thm us) 68, 80
-  glandulae thyro ideae 175-176, 188, 192, 

194, 204
-  gyri cinguli 234, 236, 285
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j

JAC O BSO N 's nerve (N. tym pan icus) 77, 96,
146, 148, 314 -315  

Jugular fossa (Fossa jugularis) 1 4 ,3 3 , 162 
Jugular pulse 53
Jugular th rom bosis , O tit is  m edia 144 
Jugum(-a)
-  alveolaria 23
-  sphenoida le  31

K
Keratitis 41
Keystone area, nose 58 
KIESSELBACH's area o f the  nasal septum  59, 

66
KILLIAN 's m uscle (Pars fund ifo rm is , Pars crico- 

pharyngea) 172 
K ILLIAN 's triangle 172
-  pharyngo-oesophageal d ive rticu lum  172 
Knee-jerk re flex 336 
KORSAKOW 's syndrom e 238

L
LABBE, vein o f (V. anastom otica inferior) 218, 

2 24 -2 2 5  
Labium
-  inferius 8 2 -8 3
-  superius 82 
Labyrin th itis  157
-  o titis  media 144 
Labyrinthus
-  cochlearis 138, 154, 159
-  e thm oida lis 22, 103
-  m em branaceus 154-155 
 deve lopm ent 136
-  osseus 152-153, 155
-  vestibu la ris  138, 154, 160 
Lacertus m usculi recti lateralis 114 
Lacrimal anastom osis 96 
Lacrimal apparatus 110-111 
Lacrimal gland
-  im paired func tion  96
-  -  SCHIRM ER 's te s t 108
-  inflam m ation  108
-  innervation 109, 121 
Lacrimal puncta 105 
Lacunae laterales 2 1 9 -2 2 0 ,2 2 5  
Lacus lacrimalis 104,110 
Lagophthalm os 41, 105
-  peripheral facial nerve palsy 307 
LA IM E R 's triang le  172
Lambda 8
Lam bdoid su ture  8, 19 
Lamina
-  a ffixa 247, 2 62 -2 6 3 , 272, 279, 282
-  alba (Cerebellum) 250
-  arcus vertebrae 330
-  basilaris 156
-  cartilag in is cricoideae 1 75 -1 7 6 ,1 8 0 -1 8 3 ,

188, 190
-  choroidocapillaris 126
-  cribrosa
-  -  ossis e thm oida lis 10, 12-13, 22, 2 4 -2 5 ,

28, 59, 103, 2 9 6 -2 9 7
-  —  contents  17 
 sclerae 125
-  dextra (Cartilago thyroidea) 180-181
-  externa (Calvaria) 1 1 ,2 19 -2 20
-  horizontalis (Os palatinum ) 14, 20, 2 3 -2 6 ,

149
-  interna (Calvaria) 1 1 ,2 19 -2 20
-  lateralis
------(Cartilago tubae auditivae) 82, 149-150
------(Proc. p te rygoideus ossis sphenoida

lis) 10, 14, 24, 26, 2 9 -3 0 , 36, 82, 149, 
173

-  lim itans
------anterio r (BO W M A N 'S  mem brane) 125

L a m i n a  l i m i t a n s

-  -  poste rio r (DESCEMET's m em brane) 125
-  m edialis
------(Cartilago tubae auditivae) 82, 149-150
------(Proc. p te rygoideus ossis sphenoida

lis) 10, 14, 2 4 -2 6 , 30, 36, 68, 82, 149
-  medullaris
-  -  lateralis 257, 278, 285
-  -  m edialis 257, 278, 285
-  m em branacea (Tuba auditiva) 149-150
-  m odio li 152-153
-  orb ita lis  (Os ethm oidale) 2 7 -2 9 ,6 1 ,1 0 2 -1 0 3
-  papyracea (Os ethm oidale) 28
-  perpendicu laris
-  -  (Os ethm oidale) 10, 22, 24, 28, 36, 59,

103
------(Os palatinum ) 23, 25, 27, 78
-  pretrachealis (Fascia cervicalis) 1 6 6 ,1 6 9 -  

171, 175-176, 191-192
-  p revertebra lis (Fascia cervicalis) 169-170, 

175-176, 192
-  profunda (Fascia tem pora lis) 42
-  s inistra (Cartilago thyroidea) 180
-  spiralis
------ossea 152-153, 156
-  -  secundaria 152-153
-  superfic ia lis
------(Fascia cervicalis) 4 0 -4 2 , 90, 93, 169—

171, 175-176, 192
-  -  (Fascia tem pora lis) 42
-  te c ti 246, 250, 252
-  te rm ina lis  238, 241, 248, 269, 278, 2 8 5 -

287, 292
-  vasculosa (uvea) 126 
Large fontanelle  19
Large salivary glands 9 1 ,9 5  
LARSELL's c lassifica tion, s tructu re  of the  cere

bellar verm is 252 -253  
Laryngeal cartilages 181,183 
Laryngeal cavity, respira tory epithe lium  188 
Laryngeal m uscles 185
-  paralysis 194
Laryngeal ske le ton, fractures 180 
Laryngom alacia 180 
Laryngopharynx 176 
Laryngoscopy 187
Larynx 176, 181-183, 186, 188-191, 207
-  acute oedem a at the  entrance 189
-  a rteries and nerves 189
-  com partm en ts  186
-  ex ten t o f local tu m o u r g row th  186
-  fron ta l section  191
-  lym ph vessels and lym ph nodes 207
-  m idsag itta l section 188
-  squam ous cell carcinom a 188
-  transverse section  190 
Lateral a ssortm en t o f M ALT 89 
Lateral cervical cysts  193 
Lateral cervical fis tu la  193 
Lateral cervical region 164
-  vessels and nerves 196-201 
Lateral triang le  of the  neck 162 
Lateral ventric le  261 -2 6 4
-  Plexus choroideus 263
-  tem pora l horn 262
LE-FORT's c lassification o f m idfacia l frac tu 

res 5
LE-FORT's fractures 5 
Lem niscus
-  lateralis 159
-  m edialis 337
Lens 101, 125, 127-128, 130
-  anterior epithelia l layer 101
-  fib res  101
-  luxation, M A R FA N 's syndrom e 127
-  p lacode 100
-  re fractive index 126 
Ligam entum (-a)
-  anulare(-ia) 181, 183 
 stapediale 143
-  c ricoaryteno ideum  181-183
-  -  posterius 180
-  cricopharyngeum  181-183

L i g a m e n t u m  ( - a )

-  cricothyro ideum  m edianum  (conicum) 166, 
175-176, 181-184, 188, 192, 194, 210

-  cricotracheale 181, 191
-  denticu la tum  329
-  flavum  330
-  hyoep ig lo tticum  175-176, 183, 188
-  incudis
------posterius 143, 146
------superius 143, 146
-  interspinale 330, 332
-  laterale (A rt. tem porom andibularis) 36, 4 2 -  

43
-  longitudinale
-  -  anterius 1 7 5 ,2 0 9 ,3 3 2  
 posterius 330, 332
-  mallei
------anterius 143
------laterale 143-144
-  -  superius 143-144, 146
-  ossicu lorum  auditus 143
-  palpebrale 
 laterale 107
-  -  m ediale 4 0 ,4 2 , 105, 107, 110-111
-  p terygospina le  36
-  sphenom andibulare 36, 45, 5 0 -5 1 , 68, 172
-  spirale 156
-  s ty lohyo ideum  68, 85, 87, 167, 171-173
-  sty lom and ibu lare  36, 68, 172
-  suspensorium  bulbi (LOCKW OOD'S liga

m ent) 124
-  thyroep ig lo tticum  175-176, 181-183, 188
-  thyrohyoideum  
 laterale 181, 184
-  -  m edianum  166, 175-176, 181-184, 188
-  vestibu läre 183, 191
-  vocale 180, 182-185, 190-191 
L im bic system  239
-  m o to r func tion  342 
Lim bus
-  anterior palpebrae 104, 106
-  corneae 125
-  poste rio r palpebrae 1 04 ,10 6
-  spira lis 156 
Limen
-  insulae 235
-  nasi 60 
Linea
-  arcuata
-  -  in ferio r 191
-  -  superio r 191
-  horizontalis
-  -  auricu loorb ita lis  (Frankfurter [German]

horizontal line) 7, 220
-  -  supraorbitalis 220
-  m ylohyoidea 3 4 -3 6
-  nuchalis
-  -  in ferio r 9, 14-15
-  -  superio r 9, 14
-  obliqua
------(Cartilago thyroidea) 1 80 ,184
------(Mandibula) 34
-  tem pora lis
-  -  in ferio r 7 -8 , 43 
 superio r 7 -8
Linear fractu res o f the  skull 8
Lingua 6 2 -6 3 , 8 1 -8 3 , 86, 8 8 -8 9 , 92, 95,

275 
Lingual 69 
Lingual g lands 91 
Lingual tons il 89 
Lingula
-  cerebelli 50, 247-250, 252 -2 5 3
-  m andibulae 3 4 -3 5
-  sphenoidalis 1 2 ,3 0 -3 1  
Lip glands 91
Lobulus
-  auriculae 139
-  b iventer 249, 253
-  centralis 2 4 8 -2 4 9 , 253
-  floccu lonodu laris 253
-  gracilis 253
-  paracentralis 236



L o b u l u s

-  parietalis
-  -  in ferio r 232, 2 3 5 -2 3 6 , 280, 282
-  -  superio r 232, 2 3 5 -2 3 6 , 280
-  quadrangularis
-  -  anterio r 248, 253
-  -  poste rio r 248, 253
-  sem ilunaris
-  -  in ferio r 2 4 8 -2 4 9 , 253
-  -  superio r 2 4 8 -2 4 9 , 253
-  s im plex 248, 253 
Lobus(-i)
-  centra lis 252
-  cerebelli
-  -  anterio r 248, 252 -2 5 3  
 posterio r 248, 252 -2 5 3
-  cerebri 233
-  dexte r (Gl. thyroidea) 95, 172, 192,

194
-  floccu lonodu laris 248, 250, 252 -253
-  fron ta lis  1 3 0 ,2 2 9 ,2 3 3 ,2 3 5 ,2 5 8
-  insularis (Insula) 229, 240, 256, 261-263, 

266, 270, 2 74 -275 , 279, 2 8 3 -2 8 5 , 289
-  lim b icus 233
-  occ ip ita lis  2 2 9 -2 3 0 , 233, 235, 238, 258
-  parieta lis 229, 233, 235, 257 -2 5 8  
 in ferio r 280
-  pyram idalis 95, 193
-  s in ister (Gl. thyroidea) 1 66 -1 6 7 ,17 2 ,1 9 2 , 

194
-  tem pora lis  130, 229, 233, 235, 258 
Lockjaw  45, 82
LO C KW O O D's ligam ent (Lig. suspensorium  

bulbi) 124 
Locus
-  caeru leus 246
-  KIESSELBACHI 59, 66
Loss o f tee th , fractures o f th e  low er ja w  35 
Low er canine, perm anent 70 
Low er extrem ity , paralyses 271 
Low er facial nerve palsy 54 
Low er jaw  6, 3 4 -3 5 , 75, 85
-  articu la r process 38
-  in filtra tive  anaesthesia 77
-  o f an old person 35
-  o f a new born  35
-  panoram ic radiograph 76 
Low er tracheotom y 166 
Lum bar puncture 331
Lum bar vertebra l colum n, MRI 332 
Lum bosacral trans ition , m yelography 332 
Lungs, innervation 341 
Luxation o f the  lens 101
-  M A R FA N 's syndrom e 127
Lymph node m etastases o f the  neck, AJAC - 

c lassification 207 
Lym phatic system , diseases 163

M
Macula
-  cribrosa
-  -  media 153
-  -  superio r 153
-  flava
-  -  anterio r 182, 184-185, 187
-  -  poste rio r 182, 184, 187
-  lutea 125, 129
M acular degeneration, age-dependent 

(AM D ) 129 
M agnetic resonance tom ograph ic  im aging 

(MRI)
-  brain 274 -276
-  eye 130
-  lum bar vertebra l co lum n 332
-  vertebra l canal 333 
M ajor alar cartilage 58 
M A LA S S E Z ' epithe lia l cells rests 73 
M alleus 136, 138, 142-143, 147-148, 157, 308 
M andibula 5 -6 , 18, 20, 3 4 -3 5 , 44, 51, 68, 7 5 -

76, 83, 8 5 -8 7 , 167, 170-172
-  fractu res 35

M anubrium
-  m allei 141-144, 146-147
-  ste rn i 203
M A R FA N 's syndrom e, luxation o f the  lens 127 
M argo
-  ciliaris (Lens) 127
-  fron ta lis  (Os sphenoidale) 31
-  gingivalis 70
-  inferolateralis hem ispherii cerebri 236, 277
-  in ferom edia lis hem ispherii cerebri 236, 277
-  infraorb ita lis 
 (Maxilla) 23
-  -  (Orbita) 6, 102
-  lacrim alis (Maxilla) 23
-  lam bdoideus (Os occip ita le) 31
-  lateralis (Orbita) 102
-  linguae 81
-  m asto ideus (Os occip ita le) 31
-  m edialis (Orbita) 102
-  occip ita lis  (Os tem pora le) 3 2 -3 3
-  parietalis
------(Os sphenoidale) 30
------(Os tem pora le) 22, 3 2 -3 3
-  pupillaris 127
-  sphenoidalis (Os tem pora le) 3 2 -3 3
-  squam osus (Os sphenoidale) 30-31
-  superior
-  -  hem ispherii cerebri 236, 277
-  -  partis petrosae 1 2 ,3 3 ,6 2
-  supraorbitalis
-  -  (Orbita) 102-103
------(Os frontale) 5, 22
------(Os tem pora le) 22
-  zygom aticus (Os sphenoidale) 30 
M ass bleeding 256
-  cerebral infarction 270 
M astica to ry m uscles 40, 4 2 -4 3 , 45, 91 
M asto id itis  145
-  O tit is  m edia 144
M axilla 5 -7 , 14, 18, 20, 2 3 -2 6 , 2 8 -2 9 , 5 8 -6 0 , 

64, 74 -76 , 78, 82, 91, 102-103, 107, 110-
111, 123, 175-176 

M axillary sinus 26, 122
-  deve lopm ent 64 
M axillary s inusitis  64
-  odontogenic 28 
M eatus
-  acusticus
-  -  externus 14, 16, 3 2 -3 3 , 3 8 -3 9 , 43 , 76,

136-138, 140-141, 144-145, 147-148, 
157, 318

-  -  in tem us 10, 148, 152, 155, 307, 309, 312 
 contents 17
-  nasi
-  -  in ferio r 25, 28, 59, 64, 91, 110
-  -  m edius 25
-  -  superio r 124
M echano-e lectrica l sound conduction  157
-  perilym ph m ovem ents 157 
MECKEL's cartilage 20 
Median cervica l cys ts  193 
Median cervica l fis tu la  193 
M edulla
-  cerebelli 250
-  oblongata 215, 227, 229, 231, 239, 246,

250, 255, 258, 2 6 8 -2 6 9 , 275, 279, 312, 327
-  -  dorsal syndrom e 266
-  spinalis 214-215, 229, 231, 247, 251-252,

257, 275, 292, 325, 3 2 7 -3 2 8 , 3 3 3 -3 3 6
-  -  m o to r func tion  342 
M E IB O M IA N  glands (Gil. tarsales) 106 
M elatonin
-  circadian rhythm  241
-  p inealocytes 241 
M em brana
-  basilaris 156
-  quadrangularis 191
-  stapedialis 143, 146
-  synovialis (A rt. tem porom andibularis) 37
-  tectoria  156
-  thyrohyoidea 87, 95, 173, 181-184, 189,

192, 194, 210

M e m b r a n a

-  tym pan ica  137-138, 140-141, 143-144,
146, 155, 157, 308

-  vestibu laris (REISSNER's m em brane) 156 
M em branous labyrinth 154-155
-  deve lopm ent 136
M e m ory  func tions, Corpora mam illaria 238 
M eninges 219, 329 
M ening iom a 220 
M ening itis , O titis  media 144 
M eningoce le  230 
M eningoencephalocele 230 
M eningohydroencephalocele 230 
M eningom yeloce le  333 
MENIERE'S disease 155 
M esencephalon 131, 215, 2 2 8 -2 2 9 , 231, 233, 

245 -247  
M esial 70
M esotym panon 143 
M eta tha lam us 245, 247 
M etencephalon 215, 2 2 8 -2 2 9 , 231 
M icrocephaly 21 
M icrotia  137 
M idbra in  245 -2 4 7
-  infratentoria l herniation 249
-  supratorial herniation 249
M idbra in  flexure  (Flexura mesencephalica), pri

m ary brain vesic les 228 
M idd le  cranial base 14-15 
M idd le  cranial fossa 12 
M idd le  ear 134, 137-138
-  com puted  tom ography 148
-  deve lopm ent 136
-  inflam m ation  S e e  O tit is  media
M idfacia l fractures, c lassification o f LE-FORT 5 
M idge t o ff-ganglion  cells, retina 298 
M id line  deviation, epidural haem atom a 221 
M ilk  m olar too th , second 70 
M ilk  tee th  71
-  dental form ula 71
-  upper ja w  74
M itra l cells, Fila o lfactoria 297 
M esial 69
M odio lus cochleae 152 ,156  
M olar tee th  7 0 ,7 2  
M onosynaptic re flexes 335 
M ORGAGNI, ventric le  o f (Ventriculus laryn- 

gis) 83, 186-188, 190-191 
M otivation , som atom otor system  342 
M o to r co rtex  237, 342 
M o to r cortica l o u tp u t 240 
M o to r im pulse, som atom o tor system  342 
M o to r speech centre (BROCA's centre) 237 
M o to r system
-  func tion  342
-  pyram idal trac t 339 
M outh , m uscles o f the  flo o r 85 
M ovem en t d isorders, hyper-/hypokinetic 240 
M ucosa olfactoria  297
M U LLER 's m uscle (M . ciliaris) 127 
M ultinodu la r go itre  195 
M u ltipo la r ganglion cells, retina 131 
M um ps (Parotitis epidem ica) 90 
M usculus(-i)
-  antitragicus 140
-  a rytenoideus 185, 189
-  -  obliquus 179, 185-186, 190
 transversus 179, 185-186, 188, 190
-  auricularis(-es) 140, 307
-  -  anterior 41, 140
------poste rio r 41, 140
 superio r 41, 140
-  buccina tor 40, 4 2 -4 3 , 48, 63, 68, 80, 90,

173, 307
-  bulbi 112-114, 130
-  chondroglossus 8 6 -8 7
-  cilia ris 96, 125, 127, 300
------(Fibrae circulares, M U LLER 's m uscle) 127
-  -  (Fibrae m erid ionales, BRUCKE's m usc

le) 127
-  co lli 166-167
-  constrictor(-es) pharyngis 87, 172

358



Index

M u s c u l u s ( - i )  c o n s t r i c t o r ( - e s )  p h a r y n g i s

-  -  in ferio r 43 , 87, 93, 95, 167, 172, 178, 190,
201, 316

-  -  m edius 8 6 -8 7 , 172-174, 178, 190, 316
-  -  superio r 51, 80, 8 6 -8 7 , 89, 172-174, 178 -

179, 316 
----------paralysis 315
-  corrugator supercilii 4 0 ,4 2 -4 3 ,1 0 5 ,3 0 7
-  cricoaryteno ideus
-  -  lateralis 185-186, 191
------poste rio r (posticus) 179, 185-186, 189—

190
-  cricothyro ideus 95, 166, 173, 184, 186, 191 — 

192, 194, 316
-  delto ideus 1 6 7 ,1 9 8 ,2 0 0 -2 0 1
-  depressor
-  -  anguli oris 4 0 -4 3 , 90, 307
-  -  labii in ferio ris 4 0 -4 3 , 307
-  -  septi nasi 40, 105, 307 
 supercilii 4 0 -4 3 , 105
-  d igastricus 4 2 -4 3 , 5 6 -5 7 , 63, 68, 8 4 -8 5 , 

9 3 -9 5 , 147, 164, 166-167, 171-174, 178, 
1 98 -2 0 0 , 2 0 4 -2 0 8 , 3 0 7 -3 0 8

-  d ila ta tor pupillae 127 ,300
-  epicranius 4 0 -4 3 ,4 6 ,  123, 196
-  e recto r spinae 330
-  facie i 4 0 -4 3 , 105, 173
-  genioglossus 45, 51, 63, 68, 83, 8 5 -8 9 , 9 3 -  

95, 175-176, 322
-  geniohyoideus 45, 51, 63, 68, 83, 8 5 -8 7 ,

89, 9 3 -9 4 , 175-176, 194, 202, 322
-  helicis
 m ajor 140
 m inor 140
-  hyoglossus 51, 68, 84, 8 6 -8 9 , 9 3 -9 5 , 166,

173, 194, 2 0 4 -2 0 5 , 208, 322
-  infrahyoidei 169
-  laryngis 185
-  levator(-es)
-  -  anguli oris 40, 4 2 -4 3 , 105, 307
-  -  labii superioris 4 0 -4 3 , 1 05 ,307
----------a laeque nasi 4 0 -4 3 , 105, 173, 307
------palpebrae superioris 63, 107, 112, 114-

120, 123-124, 130, 300 
----------paralysis causing ptosis 112
-  -  pharyngis 172
-  -  scapulae 46, 5 6 -5 7 , 165-168, 196-197,

200, 206
-  -  veli palatini 68, 82, 149-150, 172-173,

316
----------contraction  150
-  linguae 83, 87
-  -  externi 8 6 -8 7
-  -  interni 83
-  longitudinalis
-  -  in ferio r 83, 8 6 -8 7 , 322
-  -  superio r 83, 322
-  longus
-  -  capitis  68, 166, 168, 209 -2 1 0
-  -  co lli 168, 192, 209 -2 1 0
-  m asseter 40, 4 2 -4 6 , 90, 93, 166-167, 171
-  m asticatorii 40, 4 2 -4 3 , 45, 91
-  m enta lis 4 0 -4 3 , 307
-  m ylohyoideus 45, 57, 63, 68, 8 3 -8 5 , 89,

9 3 -9 5 , 166-167, 171, 173, 175-176, 1 9 9 - 
200, 2 0 4 -2 0 5 , 208

-  nasalis 4 0 -4 3 , 105, 307
-  obliquus
-  -  auriculae 140
-  -  in ferio r 110-114, 116, 120, 123, 300
-  -  superio r 63, 112-120, 124, 130, 300
-  occ ip ito fron ta lis  4 0 -4 3 , 46, 105, 196, 307
-  om ohyo ideus 45, 56, 95, 164, 166-167, 171,

197-200, 202, 2 04 -207 , 322
-  orbicularis
------oculi (HORNER's m uscle) 4 0 -4 3 ,4 6 ,

105-106, 110-111, 123, 307
-  —  paralysis 41
-  -  oris 4 0 -4 3 , 48, 68, 105, 307
---------paralysis 41
-  orb ita lis  114
-  palati 80
-  palatoglossus 8 0 -8 1 ,8 6 -8 7 ,8 9 ,3 1 6

M u s c u l u s ( - i )

-  palatopharyngeus 8 0 -8 1 , 89, 179, 316
-  pectoralis
-  -  m ajor 167, 2 0 4 -2 0 5  
 m ino r 201
-  pharyngis 172-173
-  posticus (M . cricoaryteno ideus posteri

or) 179, 185-186, 189-190
-  procerus 4 0 -4 2 , 105, 307
-  psoas m ajor 330
-  p terygoideus
-  -  lateralis 3 7 -3 8 , 4 4 -4 5 , 49, 51, 68, 91, 172
-  -  m edialis 4 4 -4 5 , 50, 68, 94, 172
-  quadratus lum borum  330
-  rectus
-  -  capitis
-  —  anterior 168
-  —  lateralis 168
-  -  in ferio r 63, 112-116, 120, 123-124, 130,

300
-  -  lateralis 63, 109, 112-121, 124, 130, 300
-  -  m edialis 63, 112-115, 119-121, 124, 130,

300
-  -  superio r 63, 112-120, 123-124, 130, 300
-  risorius 4 0 -4 2 , 90
-  sa lp ingopharyngeus 179 ,316
-  scalenus(-i) 168-169
-  -  anterior 5 6 -5 7 , 166-168, 198-199, 201,

206, 209 -2 1 0
-  -  m edius 5 6 -5 7 , 166-168, 206, 209 -2 1 0
-  -  posterio r 56, 167-168, 206, 209 -2 1 0
-  sem isp ina lis capitis 41, 167
-  sphincter pupillae 96, 125, 127 ,300
-  sp lenius
-  -  capitis  41, 47, 5 6 -5 7 , 167, 197-198, 200,

206
-  -  cerv ic is  166
-  stapedius 143, 146-147, 3 07 -3 0 8  
 func tion  146
-  s te rnocle idom asto ideus 4 0 -4 3 , 4 7 -4 8 , 5 6 -  

57, 90, 164-167, 169-171, 192-193, 1 9 6 - 
200, 202, 2 0 4 -2 0 6 , 208, 320

------paralysis 321
-  s te rnohyoideus 45, 87, 95, 166-167, 170— 

171, 192, 198, 202, 205, 322
-  s te rnothyro ideus 95, 166-167, 175-176,

192, 198, 201-202, 322
-  s ty log lossus 8 6 -8 9 , 93, 95, 171-173, 322
-  s ty lohyo ideus 43, 68, 8 4 -8 5 , 93, 95, 147, 

164, 166-167, 171-174, 199, 204, 208, 3 0 7 - 
308

-  s ty lopharyngeus 8 6 -8 7 , 89, 167, 172-173, 
178, 314, 316

-  suprahyoidei 8 4 -8 5
-  tem pora lis 38, 4 3 -4 6 , 51, 91 
 orig ins 43
-  tem poroparie ta lis 4 0 -4 2
-  tensor
-  -  tym pan i 141, 143-144, 146-147, 150, 308 
 func tion  146
-  -  ve li palatini 68, 82, 149-150, 173, 179
-  —  contraction  150
-  thyroaryteno ideus 185, 190-191
-  thyroep ig lo tticus  191
-  thyrohyoideus 45, 87, 93, 95, 166-167, 173 -

174, 194, 205, 322
-  trag icus 140
-  transversus
-  -  auriculae 140 
 linguae 83, 322
-  trapezius 41, 4 6 -4 8 , 5 6 -5 7 , 164-167, 1 6 9 -

170, 196-197, 199, 204, 206, 320
-  uvulae 80, 82, 149, 179
-  vertica lis linguae 83, 322
-  vocalis 185-186, 190-191
-  zygom aticus
-  -  m ajor 4 0 -4 2 , 90, 105, 307
-  -  m ino r 4 0 -4 2 , 105, 173, 307 
M yelencephalon 228, 231 
M ye loce le  333
M yelography, lum bosacral transition  332 
M yringo tom y 141

N
Nape S e e  Neck 
Nasal bone 5, 22
-  fractu res 6 
Nasal cartilage 58 
Nasal cav ity  66, 122
-  a rteries 66
-  innervation 67
-  lateral w all 25, 60, 65
-  ve ins 67 
Nasal cycle 59 
Nasal m ucosa 59 
Nasal septum  59
-  haem atom a 58
-  osseous 24
-  septum  deviation 24 
Nasal skeleton 58 
Nasal t ip  cartilage 58 
Nasal visual fie ld  299 
Nasion 5 
Nasopharynx 176
-  endoscopy 175 
N eck 161-216
-  c lassification o f the  drainage regions 207
-  cutaneous innervation 55
-  deep lym ph nodes 57
-  descending abscess 170
-  intravenous access route 204
-  lym ph node m etastases 207
-  -  c lassification of the  AJAC 207
-  lym ph nodes 56, 206
-  m uscle fascias 169-170
-  neurovascular fascia 169
-  organ fascia 169
-  prevertebra l and paravertebral s tru c tu 

res 210
-  radiographs 209
-  regions 4, 4 6 -4 7
-  segm enta l m apping o f the  cutaneous 

areas 198
-  sensory innervation of the  skin 197-198
-  superfic ia l lym ph vessels 56, 206
-  veins 204
-  venous access route 163
-  vessels and nerves 4 6 -4 7 , 205
-  -  transition  to  the  upper e x trem ity  209 
Neck d issection  170
-  lesion o f the  N. accessorius 196 
Neck m uscles 166-167
-  superfic ia l layer 165 
Nervous system , s tructu re  214 
Nervus(-i)
-  abducens [VI] 45, 113, 115, 117-120, 124,

147, 223, 227, 239, 266, 268, 288, 290, 
2 92 -2 9 3 , 295, 300

-  -  fib res  qualities 301
-  -  im po rtan t innervation s ites 291
-  -  lesions, dip lopia 112
-  -  qua lity  291
-  accessorius [XI] 4 6 -4 7 , 56, 147, 178-179,

1 96 -202 , 2 0 5 -2 0 6 , 208, 227, 239, 266, 268, 
288, 290, 292, 295, 316, 3 20 -3 2 1 , 327

------fib res  qualities 321
------im po rtan t innervation s ites 291
-  -  lesions 321
-  -  -  neck d issection  196
-  —  shoulder dysfunction  47
-  -  qua lity  291
-  alveolaris(-es)
-  -  in ferio r 45, 4 8 -5 1 , 63, 77, 94, 3 0 2 -3 0 3 ,

305
-  -  superior(-es) 49, 67, 77
----------anterior 77 -7 8
----------m edius 77 -78
---------posterio r 77 -78
-  ampullaris(-es)
-  -  anterior 154
-  -  lateralis 154
-  -  posterio r 154
-  auricularis(-es)
-  -  anteriores 302, 305
-  -  m agnus 4 6 -4 7 , 139, 196-197, 202



Index

N e r v u s ( - i )  a u r i c u l a r i s ( - e s )

-  -  poste rio r 48, 51, 54, 148, 196, 199, 3 0 7 -
311

-  auricu lo tem poralis 4 6 -4 8 , 5 0 -5 1 , 55, 96, 
139, 197, 302, 305, 314 -315

-  buccalis 4 8 -5 1 ,5 5 ,3 0 2 ,3 0 5
-  canalis p te rygoide i [V ID IAN canal] 77, 79, 

109, 148, 3 0 2 ,3 0 7 ,3 0 9
-  cardiacus cervica lis 309 
 in ferio r 210
-  -  m édius 178, 201, 210
-  -  superio r 178, 201
-  ca rotico tym pan icus 148, 314
-  caroticus internus 77, 79, 178
-  cervica lis 89, 1 99 -200 , 3 2 0 -3 2 3
-  ciliares
-  -  breves 96, 119, 3 0 0 -3 0 2
-  -  longi 119, 3 0 0 -3 0 2 , 304
-  cochlearis 151, 154-156, 158-159, 312-313
-  craniales 214, 229, 290, 292 -2 9 5
-  e thm oidalis
-  -  anterio r 48, 67, 119-120, 300, 302, 304
-  -  posterio r 1 1 9 -1 2 0 ,3 0 0 ,3 0 2 ,3 0 4
-  facialis [VII] 48, 5 0 -5 1 , 54, 77, 93, 96, 109, 

139, 146-148, 151, 155, 197-198, 227, 239, 
246, 257, 266, 268, 288, 290, 2 92 -2 9 3 , 295, 
302, 3 0 7 -3 0 8 , 311-312, 341

-  -  branches 310
----------GVE, SVA and SVE 310
-  -  corticonuclear connections 311 
 course 307
-  -  d iagnosis 147
-  -  fib res qualities 309
------im po rtan t innervation s ites 291
-  -  intranuclear lesion 310 
 injuries 105
-  -  nuclei in the  brainstem  291
-  -  peripheral course 311
-  -  peripheral palsy 5 4 ,3 10
-  -  qua lity  291
-  -  supranuclear lesion 310
-  -  te rm ina l branches 54
-  fron ta lis  115, 117, 123-124, 268, 300, 3 0 2 -

304
-  g lossopharyngeus [IX] 77, 81, 89, 96, 147-

148, 177-179, 189, 227, 239, 246, 266, 268,
288, 290, 292, 295, 302, 307, 3 14 -316 , 341

-  -  branches 314
-  -  fib res qualities 315
-  -  im po rtan t innervation s ites 291 
 injuries 315
------nuclei in the  brainstem  291
------qua lity  291
-  hypoglossus [XII] 43, 51, 8 8 -8 9 , 9 3 -9 5 , 

178-179, 194, 1 99 -202 , 2 0 4 -2 0 5 , 208, 239,
246, 266, 268, 288, 290, 292, 295, 3 2 2 -  
323, 327

------fib res  qualities 2 91 ,32 3
-  -  im po rtan t innervation s ites 291 
 in ju ries/lesions 88, 323
----------cervical lym ph node m étastasés 208
-  infraorb ita lis  43 , 4 7 -4 8 , 5 0 -5 1 , 55, 63, 67,

7 7 -7 8 , 107, 109-110, 114, 120, 123-124,
300, 3 0 2 -3 0 4

-  infratrochlearis 48, 51, 55, 107, 119-120, 
302, 304

-  intercostobrachia lis 201
-  in term ed ius 77, 227, 290, 307
-  jugularis 178
-  lacrim alis 55, 79, 107, 109, 115, 117-119,

121, 124, 268, 300, 3 0 2 -3 0 4
-  laryngeus
-  -  recurrens 179, 189, 192, 194, 201, 205,

210, 316-317, 319
-  -  superio r 81, 8 7 -8 8 , 95, 173, 178-179,

189-190, 194, 200, 208, 317, 319
-  -  -  lesions 189
-  lingualis 45, 4 9 -5 1 , 77, 81, 8 8 -8 9 , 9 3 -9 6 , 

205, 3 0 2 -3 0 3 , 305, 307, 309
-  lum bales 330 -331
-  m andibularis [V /3] 51, 55, 77 -78 , 81, 96,

109, 117-118, 120, 150, 198, 223, 268, 293,
300, 3 0 2 -3 0 3 , 306, 314

N e r v u s ( - i )  m a n d i b u l a r i s  [ V / 3 ]

-  -  branches 5 0 -5 1 ,3 0 5
-  m assetericus 4 8 -5 1 , 302, 305
-  m axillaris [V/2] 55, 67, 7 7 -7 8 , 96, 109, 117- 

118, 120-121, 147, 177, 198, 223, 268, 293,
300, 3 0 2 -3 0 3 , 306

-  -  branches 304
-  m eatus acustic i extern i 51, 302, 305
-  m enta lis 4 7 -4 8 , 50, 55, 77, 302, 305
-  m usculi tensoris
------tym pan i 302, 305
------veli palatini 302, 305
-  m ylohyoideus 4 9 -5 1 , 199-201, 208, 302,

305
-  nasociliaris 115, 117-119, 124, 268, 300, 

3 0 2 -3 0 4
-  -  branches 304
-  nasopalatinus 60, 67, 302
-  occip ita lis
-  -  m ajor 4 7 -4 8 , 55, 196-198, 201-202
-  -  m inor 4 6 -4 8 , 139, 196-199, 201-202
-  ocu lom oto rius [III] 45, 96, 113-115, 117-120, 

124, 132, 147, 223, 227, 229, 239, 245, 266,
268, 278, 288, 290, 2 9 2 -2 9 3 , 295, 3 0 0 -
301, 341

-  -  fib res qualities 291,301
-  -  im po rtan t innervation s ites 291
-  -  nuclei in the  brainstem  291
-  o lfactorii [I] 60, 67, 268, 290, 2 9 6 -2 9 7  
 fib res qualities 291
-  -  im po rtan t innervation s ites 291
-  ophtha lm icus [V/1] 55, 77 -78 , 96, 109, 115,

117-120, 147, 198, 223, 293, 3 0 0 -3 0 3 , 306
-  -  branches 304 
 course 117
-  opticus [II] 45, 63, 77, 101, 109, 112, 114- 

121, 123-124, 130-132, 2 2 2 -2 2 3 , 227, 238, 
245, 266, 268, 274

-  palatinus(-i)
-  -  m ajor 67, 78, 80, 302, 305
-  -  m inores 78, 302, 305
-  petrosus
-  -  m ajor 77, 79, 96, 109, 146-148, 151, 268,

3 07 -310 , 312
-  -  m inor 77, 148, 268, 302, 308, 314-315
-  -  profundus 77, 79, 109, 307, 309, 314
-  pharyngeus 78, 302
-  phrenicus 1 9 9 -2 0 2 ,2 0 5 ,2 0 9 -2 1 0  
 accessorius 209 -2 1 0
-  p terygoideus
------lateralis 5 1 ,3 0 2 ,3 0 5
------m edialis 1 5 0 ,3 0 2 ,3 0 5
-  saccularis 154
-  sacralis 331
-  spinalis 3 37 -3 3 9
-  splanchnicus(-i)
------m ajor 326
-  -  m in im us 326
-  -  m inor 326
------pelvici 326
------sacrales 326
-  stapedius 3 0 7 -3 0 8 ,3 1 0 -3 1 1  
 lesions 308
-  sublingualis 88, 95, 305
-  supraclaviculares 47, 197 
 in term ed ii 196 -1 9 7 ,20 2
-  -  laterales 196-197, 202
-  -  m edia les 196-197, 202
-  supraorbitalis 4 6 -4 8 , 50, 55, 107, 109, 117- 

118, 124, 302
-  suprascapularis 201
-  supratroch learis 4 7 -4 8 , 51, 55, 107, 117- 

118, 302
-  tem pora les
------p rofund i 51, 302, 305
------superfic ia les 305
-  thoracicus longus 201
-  thoracodorsalis 201
-  transversus co lli 47, 196-197, 202
-  trigem inus [V] 45, 51, 77, 96, 109, 117-120,

147, 198, 227, 239, 2 4 5 -2 4 6 , 266, 273, 290, 
2 9 2 -2 9 3 , 295, 3 0 2 -3 0 3 , 337

------branches 55, 304

N e r v u s ( - i )  t r i g e m i n u s  [ V ]

-  -  e x it po in ts  306
------fib res qualities 291, 303
-  -  im po rtan t innervation s ites 291
------lesions, de fic iency in b lood supply 306
-  -  loss o f ep icritic  sensory qua lity  306 
 nuclei in the  brainstem  291
-  -  orig in nuclei 303
-  -  protopath ic sens ib ilty  306
----------testing  along the  SOLDER's lines 306
------term inal nuclei 303
-  troch learis  [IV] 45, 113, 115, 117-119, 124, 

223, 239, 246-247, 268, 288, 290, 2 92 -293 , 
295, 299-301

-  -  fib res qualities 291 ,301
------im po rtan t innervation s ites 291
-  -  lesions 299 
 dip lopia 112
-  tym pan icus (JACOBSON'S nerve) 77, 96,

146, 148, 314-315
-  utricularis 154
-  u triculoam pullaris 154
-  vagus [X] 43 , 51, 77, 81, 139, 147-148, 169, 

177-179, 192, 194, 198-201, 205, 208, 210, 
227, 239, 246, 266, 268, 288, 290, 292, 295,
314, 3 16 -321 , 326, 341

------abdom inal part 318
-  -  branches 189
-  -  cervical passage 318
------ex it po in ts  in the  brain 318
------fib res qualities 317-318
-  -  im po rtan t innervation s ites 291
-  -  innervation area 318 
 lesions 319
------nuclei in the  brainstem  291
-  -  position  w ith in  the  subarachnoid

space 318
------qua lity  291
------thorac ic  part 318
-  vestibu laris 151, 154-155, 1 60 ,31 2 -31 3
-  vestibu locochlearis [VIII] 138, 147, 151, 154— 

155, 157, 159-160, 227, 239, 246, 266, 268,
288, 290, 2 9 2 -2 9 3 , 295

------course 312-313
------fib res  qualities 291, 313
-  -  im po rta n t innervation s ites 291 
 nuclei in the  brainstem  291
-  zygom aticofacia lis 55
-  zygom atico tem pora lis  55, 109
-  zygom aticus 48 , 7 8 -7 9 , 109, 120-121, 124, 

300, 302, 304
Neural tube 100
-  fa ilure to  close 228 
Neurofibrae
-  associationes 254
-  com m issura les 254
-  pro jectiones 255 
Neurohypophysis 223, 241, 244, 264 
Neurons
-  aud ito ry pathw ay 159
-  ep icritic  sensib ility  337
-  protopath ic sensib ility  337 
Neuroporus rostra lis 228 
Nodulus
-  cerebelli 2 48 -2 5 3
-  e lasticus
-  -  anterior 182, 184-185, 187
------poste rio r 182, 184, 187
Nodus(-i) lym phoideus(-i)
-  accessorii 206
-  anteriores jugu lod igastric i 206
-  buccinatorius 56, 206
-  capitis  56
-  cervica les 206
------anteriores 206
----------profundi 57
-  -  laterales 5 6 -5 7 , 197, 206
-  —  profundi
------------- inferiores 5 6 -5 7 , 206
------------ superiores 5 6 -5 7 , 206
---------superfic ia les 56, 197, 206
-  faciales 56, 206
-  infraauriculares 56



Index

N o d u s ( - i )  l y m p h o i d e u s ( - i )

-  infrahyoidei 206
-  intraglandulares 56
-  jugu lod igastricus 56, 206
-  jugu loom ohyo ideus 56, 206
-  linguales 56
-  malaris 56
-  m andibularis 56
-  m asto ide i 56, 206
-  nasolabialis 56
-  occip ita les 56, 206
-  paratracheales 2 06 -2 0 7
-  parotidei
-  -  profundi 5 6 -5 7
------superfic ia les 56, 206
-  preauriculares 56
-  prelaryngei 2 06 -2 0 7
-  pretracheales 2 06 -2 0 7
-  p rofund i (m em bri superioris) 2 06 -2 0 7
-  re tropharyngeales 57, 206
-  subm andibu lares 56, 93, 2 06 -2 0 7
-  subm enta les 5 6 -5 7 , 93, 2 06 -2 0 7
-  supraclaviculares 206
-  thyro ide i 57, 206 
N onspecific  tha lam ic nuclei 242
-  lesions 243 
Nose
-  cartilage-free area 58
-  keystone area 58
-  m ajor alar cartilage 58
-  m inor alar cartilage 58
-  s o ft triangle 58
-  supratip  area 58
-  triangular cartilage 58
-  upper lateral cartilage 58
-  w eak triang le  58 
Nucleus(-i)
-  accessorius nervi ocu lom otorii (EDINGER- 

W ESTPHAL's nucleus) 96, 118, 291, 2 9 4 -  
295, 301

-  am biguus 2 9 1 ,2 9 4 -2 9 5 ,3 1 5 ,3 1 7 -3 1 8 ,3 2 1
-  anterior hypothalam i 244
-  arcuatus 244
-  basales 257
-  caudatus 240, 243, 247, 2 56 -257 , 261-264,

274, 2 77 -2 8 0 , 2 8 3 -2 8 6 , 2 8 8 -2 8 9
-  centralis (M edulla  spinalis) 1 58 ,337
-  centrom edianus (Thalamus) 242
-  cerebelli 250
-  cochlearis(-es) 1 5 8 -1 5 9 ,2 9 1 ,2 9 5  
 anterio r 159, 313
------poste rio r 159, 313
-  cornus anterioris m usculorum  colli 158
-  corporis
-  -  geniculati
----------lateralis 242
----------m edialis 242
-  -  m am illaris 244
-  -  trapezoidei 158-159
-  cuneatus 158, 160, 337
-  dentatus 2 5 0 -2 5 1 ,2 8 0 ,2 8 8 ,3 3 9
-  dorsalis(-es)
------hypothalam i 244
-  -  n e rv iva g i 2 9 1 ,2 9 4 -2 9 5 ,3 1 7 -3 1 8  
 tha lam i 242
-  dorsom edia lis 244
-  fastig ii 250-251
-  gracilis 1 58 ,337
-  in term ediola teralis 241, 335
-  in terpositus 250-251
-  -  anterio r (em boliform is) 250 
 posterio r (globosus) 250
-  in terstitia lis  160
-  lem nisci lateralis 158-159
-  len tifo rm is  257, 276
-  lentis 128
-  marginalis (M edulla spinalis) 335
-  m edia les tha lam i 242
-  m ediani thalam i 242 -243
-  m esencephalicus nervi trigem in i 2 9 1 ,2 9 4 -  

295, 303
-  m etatha lam i 242
-  m otorius nervi trigem in i 2 9 1 ,2 9 4 -2 9 5 ,3 0 3

N u c l e u s ( - i )

-  nervi
-  -  abducentis 158, 160, 2 9 4 -2 9 5 , 301, 309 
 accessorii 2 9 4 -2 9 5 , 321
-  -  facialis 291, 2 9 4 -2 9 5 , 309, 311
-  -  hypoglossi 2 9 4 -2 9 5 , 323
------ocu lom oto rii 158, 160, 291, 2 9 4 -2 9 5 , 301
-  -  trigem in i 337
-  -  troch learis 158, 160, 2 9 4 -2 9 5 , 301
-  o lfactorius anterio r 2 9 6 -2 9 7
-  o livaris(-es) 158
-  -  inferiores 1 5 9 ,2 5 1 ,2 5 7 ,3 4 2
-  -  -  m o to r func tion  342 
 superiores 159
-  parafascicularis (Thalamus) 242
-  paraventricularis 241, 244
-  -  lesions 244
-  pontinus (Ncl. sensorius principalis) nervi tr i

gem ini 291, 2 9 4 -2 9 5 , 303
-  pontis 2 51 ,33 9
-  -  m o to r func tion  342
-  posterio r
-  -  hypothalam i 244 
 tha lam i 242
-  p reoptic i 244
-  principalis poste rio r 294
-  proprius (M edulla spinalis) 335
-  pulvinares (Thalamus) 242
-  reticulares (Thalamus) 242
-  ruber 2 4 4 -2 4 5 , 251, 279, 2 86 -287 , 292, 

295, 339
-  -  lesions 245
------m o to r func tion  342
-  salivatorius
-  -  in ferio r 96, 291, 295, 315
------superio r 96, 291, 2 9 4 -2 9 5 , 309
-  sensorius principalis (Ncl. pontinus) nervi tr i

gem in i 2 9 1 ,2 9 4 -2 9 5 , 303
-  so lita rius 318
-  spinalis
-  -  nervi trigem in i 2 9 1 ,2 9 4 -2 9 5 ,3 0 3 ,3 0 9 ,

315, 317 
------nervi vagi 318
-  subthalam icus 257, 342
-  suprachiasm aticus 2 41 ,244
-  supraopticus 244 
 lesions 244
-  tegm enta les 244
-  thoracicus poste rio r 335, 338
-  tractus
-  -  o lfactorii lateralis 296
-  -  so lita rii 291, 2 9 4 -2 9 5 , 309, 315, 317
-  tuberales laterales 244
-  ventralis(-es)
-  -  anterior tha lam i 242
------in term ed ius thalam i 242
------posterola teralis tha lam i 242
-  -  posterom edia lis thalam i 242
-  ventrom edialis hypothalam i 244
-  vestibularis(-es) 1 5 8 ,2 5 1 ,2 9 1 ,2 9 4 -2 9 5  
 in ferio r (ROLLER'S nucleus) 1 6 0 ,2 9 4 ,3 1 3
-  -  lateralis (DEITERS' nucleus) 160, 294, 313
-  -  m edialis (SCHW ALBE's nucleus) 160,

294, 313
------superio r (BECHTEREW 's nucleus) 160,

294, 313 
NUEL's space 156 
N ystagm us, FRENZEL's lenses 158

o
Obex 246, 327 
O ccip ita l 215 
O ccip ital lobe 233 
O cc ipu t 8
-  S e e  a l s o  Os occip ita le  
Occlusal plane 7
Ocular angle plane, re ference lines fo r the 

tee th  7 
Ocular fundus 1 29 ,265
-  fluorescence angiography 129
-  ophtha lm oscop ic im age 129

O cu lom otor nerve palsy 113, 301
-  dip lopia 113
-  narrow ing o f the  palpebral fissu re  104
-  unilateral 223 
O culus 104, 116, 121 
O dontogen ic m axillary s inusitis  28, 64 
Oesophagus 169, 172-173, 175-176, 178-179,

192, 210 
O ff-cone  b ipolar cells, retina 298 
O ff-gang lion  cells, retina 298 
O lfac to ry  cells 297 
O lfac to ry  m ucosa 297 
O lfac to ry  nerves 296
-  g lom eru lus 297
-  granular cells 297
-  m itra l ce lls 297
-  perig lom eru lar cells 297
-  tu fte d  cells 297 
O lfac to ry  tra c t 296 
Oliva 2 7 9 -2 8 0
O n-cone b ipolar cells, retina 298 
O n-ganglion cells, retina 298 
O N O D I's  cells 65 
Open-angle glaucom a 127 
O perculum
-  fron ta le  229, 235
-  parietale 235
-  tem pora le  229 
O phthalm oparesis 115 
Ophthalm opath ia , hyperthyro id ism  195 
O phthalm opleg ia (Ophthalm oparesis) 115 
O phtha lm oscopic im age, ocular fundus 129 
O ptic  cup 100, 228
O ptic  d isc, glaucom a 129 
O ptic  d isc oedem a, retinal ablation 129 
O ptic  sta lk 100 
O ptic  vesic le  100 
Ora serrata 125-126 
Oral cav ity  68, 80, 176 
Oral region 84 
O rb iculus ciliaris 125 ,127  
O rb it (Orbita) 5, 28, 62, 64, 76, 102, 116-121, 

123
-  axes 114
-  fractu re  o f the  flo o r 103
-  fron ta l section 124
-  horizontal section 121
-  low e r level 120, 123
-  m idd le  level 119, 123
-  roo f 103
-  upper level 117, 123 
O rbita l cav ity  28, 102, 123
-  a rteries 107, 116-120
-  flo o r o f the  27, 103
-  fron ta l section 124
-  horizontal section 121
-  lateral w all 29, 102
-  m edial w all 29, 102
-  nerves 107, 117-121
-  opening 107
-  topographica l re lationships 122
-  veins 107, 116
O rbita l hernia, b lo w -ou t fracture  103 
O rb itopathy, endocrine 123 
Organum
-  spirale 156-157
-  subcom m issura le  264
-  vasculosum  lam inae te rm ina lis  264 
Oropharyngeal is thm us (Isthm us faucium ) 68,

80
O ropharynx 170, 176 
Os(-sa)
-  cranii 6 -1 0
-  e thm oidale 6, 10, 22, 2 4 -2 5 , 27 -29 , 36, 59, 

61, 64, 102-103, 115, 124, 2 96 -2 9 7
-  fron ta le  5, 7, 18-19, 22, 2 8 -2 9 , 43 , 60, 102 - 

103, 109, 114, 123-124
-  hyoideum  43, 45, 51, 68, 76, 8 3 -8 7 , 90,

9 4 -9 5 , 164, 166-167, 170, 172-176, 181-
186, 188-189, 191-194, 205, 208, 210

-  incae 9
-  incis ivum  20, 26
-  interparieta le  9



O s ( - s a )

-  lacrim ale 6 -7 , 2 4 -2 5 , 27, 29, 102-103, 111, 
115

-  nasale 5, 7, 18, 22, 2 4 -2 5 , 2 8 -2 9 , 58, 60, 
102-103, 105

-  occ ip ita le  9, 14, 18 -20 , 25, 31, 229
-  palatinum  10, 14, 20, 2 3 -2 9 , 78, 102-103,

115, 149
-  parietale 6 -9 , 18 -20 , 29, 43, 219
-  sacrum  3 31 -3 3 2
-  sphenoidale 6 -7 , 12, 14, 18, 20, 2 4 -2 5 , 2 7 -

S I, 36, 78, 102-103, 109, 112, 114, 121, 149
-  suturalia 9
-  tem pora ie  7, 9 -10 , 12, 14, 18, 20, 2 8 -2 9 , 

3 2 -3 3 , 36, 39, 44, 138, 147-150
-  zygom aticum  5, 7, 18, 27 -29 , 37, 44, 78, 

102-103, 124
Ossicula auditus 1 3 6 ,1 3 8 ,1 4 2 -1 4 3  
O steom eata l com plex 65 
O stium
-  pharyngeum  tubae auditivae 60, 149, 175— 

176, 179, 314
-  tym pan icum  tubae auditivae 145-146 
O tic  p it 136
O tic  placodes 136 
O tic  vesic le  136, 193 
O titis
-  externa 138
-  media 141, 144 
O tosclerosis 142
O ute r border ce lls, organ of CORTI 156
O ute r brain prolapse 230
O ute r ear 134, 137
O ute r hair cells, organ of CORTI 156
O ute r phalangeal cells, organ o f CORTI 156
O ute r p illar cells, organ o f CORTI 156
O ute r tunnel, organ of CORTI 156
Oval w in d o w  (Fenestra vestibu li) 145
Overlapping visual fie ld  299

P

PACCHIONIAN granulations (Granulationes 
arachnoideae) 2 19 -220 , 226, 259 

Palate
-  c le ft fo rm ations 80
-  deve lopm ent 81 
Palatinal 69 
Palatine arches 80 
Palatine bone 23 
Palatine glands 91 
Palatine m uscles 80 
Palatine process 81 
Palatine tonsil 89 
Palatum
-  durum  15, 26, 60, 68, 76, 80
-  m olle  45 , 60, 76, 78, 80, 82, 175-176 
Pallidum S e e  G lobus pallidus 
Palliothalamus 242
Palpebra
-  in ferio r 104, 106, 109, 123, 130
-  superior 104, 106, 109, 123, 130 
Palpebral fissure
-  reduced
-  -  dacryoadenitis 108
-  -  paralysis o f th e  ocular nerve 104
-  w iden ing , facial nerve palsy 104 
Palpebral ligam ents 107
Palsies o f the  extra-ocular m uscles 114 
PANCOAST's tum our 205 
Panniculus adiposus 41 
Panoramic radiograph, upper ja w  and low er 

jaw  76
Papilla nervi op tic i (D iscus nervi optic i) 125, 

129, 265 
Papilla(-ae)
-  ductus parotidei 92
-  filifo rm e s  81
-  fo lia tae 8 1 -8 2 , 8 6 -8 7
-  fung ifo rm es 81
-  incisiva 80
-  lacrim alis 110

P a p i l l a  ( - a e )  l a c r i m a l i s

------in ferio r 104
------superio r 104, 110
-  nervi op tic i (D iscus nervi optici) 129
-  vallatae 8 1 -8 2 , 86, 189 
Paralysis
-  brachiofacial 271
-  dam age o f the  tha lam ic nuclei 243
-  o f the  low e r ex trem ities  271
-  o f the  trac ts  o f th e  righ t poste rio r fun icu 

lus 340
Paralytic ectrop ion  41 
Paranasal sinuses 61
-  access 60
-  basal lamella 65
-  clinical te rm s 65
-  endonasal access 64
-  fon tanelle  65
-  radiograph 62 
Parapharyngeal abscess 170
-  com puted  tom ography 170 
Parapharyngeal space, vessels and nerves 179 
Paraplegia 333
Parasym pathicus 341
Paravermal zone, cerebellar co rtex  251
Paries
-  caroticus (Cavitas tym pan i) 144
-  in ferio r orbitae 27, 103, 130
-  jugularis (Cavitas tym pani) 144
-  labyrinth icus (Cavitas tym pan i) 144-145
-  lateralis
-  -  (Cellulae ethm oidales) 130
-  -  orbitae 29, 102
-  m asto ideus (Cavitas tym pan i) 144-145
-  m edialis
-  -  (Cellulae ethm oidales) 130
-  -  orbitae 29, 102
-  m em branaceus
------(Cavitas tym pani) 144, 146
------(Trachea) 179, 183, 185, 188, 192
-  poste rio r (M eatus acusticus externus) 141
-  superior
-  -  (Cellulae ethm oidales) 130
-  -  orbitae 103
-  tegm enta lis  (Cavitas tym pan i) 144 
Parietal lobe 233 
PARKINSON'S disease 245 
PARKINSON-like disease 245 
Parodontopathies 74 
Parodontosis 74
Parotid gland 90 -9 1
-  damage o f the  N. facialis 90
-  excretory duct 92
-  tum ours  74
-  -  FREY's syndrom e (gusta tory sw eating) 90 
Parotitis epidem ica (m um ps) 42, 90
Pars
-  abdom inalis aortae 328
-  a lveolaris (Mandibula) 34
-  anterior
-  -  (Com m issura anterior) 239, 254 
 (Dorsum  linguae) 81
------(Lobulus quadrangularis anterior) 248
-  a ryep ig lo ttica  (M . a rytenoideus obliqu- 

us) 185
-  ascendens aortae (Aorta ascendens) 205
-  atlantica (A. vertebralis) 203
-  basilaris (Os occip ita le) 14,31
-  buccopharyngea (M . constric to r pharyngis 

superior) 172-173
-  canalis (N. opticus) 115
-  cartilaginea (Tuba auditiva) 1 4 9 -1 5 0 ,3 0 8
-  cavernosa (A. carotis interna) 151,216-217, 

2 22 -2 2 3 , 268, 293
-  -  a rte riosc le ro tic  a lterations 223
-  centralis (Ventriculus lateralis) 240, 2 5 7 -

259, 2 61 -263 , 276, 2 7 8 -2 8 0 , 2 8 2 -2 8 3 , 288
-  ceratopharyngea (M . constric to r pharyngis 

m edius) 8 6 -8 7 , 172-173
-  cerebralis (A. carotis interna) 115, 217, 222—

223, 2 67 -2 6 8 , 293
-  cervicalis
-  -  (A. carotis interna) 217, 222, 327

P a r s  c e r v i c a l i s  ( A .  c a r o t i s  i n t e r n a )

----------variations in course 174
------(M edulla  spinalis) 334
-  chondropharyngea (M . constric to r pharyngis 

m edius) 8 6 -8 7 , 172-173
-  ciliaris retinae 125 ,127
-  com pacta (Substantia nigra) 245, 257
-  cricopharyngea (M . constric to r pharyngis 

inferior) 172-173
-  cune ifo rm is vom eris  24
-  cupularis (Cavitas tym pani) 144
-  descendens aortae (Aorta descendens) 179
-  duralis (Filum term inale) 325, 327
-  externa (M . thyroarytenoideus) 191
-  fib rocartilaginea 140
-  flaccida 141
-  fund ifo rm is  (Pars cricopharyngea, K ILLIAN 's 

m uscle) 172
-  g lossopharyngea (M . constric to r pharyngis 

superior) 80, 8 6 -8 7 , 172-173
-  inferior
------(N. vestibularis) 312-313
-  -  (Orbita) 64
-  infraclavicularis (Plexus brachialis) 201
-  insularis (A. cerebri media) 2 66 -267 , 277
-  intercartilaginea (Rima g lo ttid is) 187 ,190
-  interm em branacea (Rima g lo ttid is) 187 ,190
-  interm uscularis (A. m axillaris) 49
-  interna (M . vocalis) 185
-  intracranialis
-  -  (A. vertebralis) 203 
 (N. opticus) 115
-  iridica retinae 127
-  labialis (M . orbicularis oris) 40, 173
-  lacrim alis (M . orbicu laris oculi) 105,111
-  laryngea pharyngis (Hypopharynx, Laryngo- 

pharynx) 177, 275
-  lateralis
-  -  (M . p terygoideus medialis) 44  
 (Os occip ita le) 18, 20, 31
-  libera (Columna fornicis) 2 3 8 -2 3 9 , 278
-  lum balis
-  -  d iaphragm atis 330
------(M edulla  spinalis) 327, 334
-  m andibularis (A. m axillaris) 52
-  marginalis (M . orbicularis oris) 40, 105
-  m edialis (M . p terygoideus medialis) 44
-  m ylopharyngea (M . constric to r pharyngis 

superior) 172-173
-  nasalis
-  -  (Os tem pora le) 22
-  -  pharyngis (Epipharynx, Nasopharynx) 177,

275
-  obliqua
------(M . a rytenoideus) 185, 189
------(M . cricothyro ideus) 173, 184
-  opercularis (Gyrus fron ta lis  inferior) 2 3 5 -2 3 7
-  optica retinae 125
-  oralis pharyngis (M esopharynx, O ropha

rynx) 68, 177, 275
-  orbita lis
-  -  (Gl. lacrimalis) 107, 109, 112, 117-119 
 (Gyrus fron ta lis  inferior) 2 3 5 -2 3 6
-  -  (M . orbicularis oculi) 4 0 -4 2 , 105 
 (N. opticus) 115
-  -  (Os frontale) 5, 22, 28, 102
-  ossea (Tuba auditiva) 140, 149-150, 308
-  palpebralis
------(Gl. lacrimalis) 107
-  -  (M . orbicularis oculi) 4 0 -4 2 , 105-106
-  petrosa
------(A. carotis interna) 217, 222
-  -  (Os tem pora le) 12, 18, 20, 32, 147, 1 4 9 -

150
-  pialis (Filum term inale) 325
-  plana (Corpus ciliare) 127
-  plicata (Corpus ciliare) 127
-  postcom m unicalis
-  -  (A. cerebri anterior) 2 67 -269 , 277, 293
-  -  (A. cerebri posterior) 2 6 6 -2 6 8
-  posterior
------(Com m issura anterior) 239, 254

362



Index

P a r s  p o s t e r i o r

------(Dorsum  linguae) 81, 179
-  p recom m unica lis
-  -  (A. cerebri anterior) 2 6 6 -2 6 8 , 277
-  -  (A. cerebri posterior) 2 6 6 -2 6 8 , 278
-  p revertebra lis (A. vertebralis) 2 00 -2 0 1 , 203
-  profunda
- -(Gl. parotidea) 91 
------(M . m asseter) 4 3 -4 4
-  p terygoidea (A. m axillaris) 52
-  p terygopharyngea (M . constric to r pharyngis 

superior) 172-173
-  recta (M . cricothyro ideus) 173, 184
-  reticularis (Substantia nigra) 245
-  retrom andibu laris (A. m axillaris) 49
-  sacralis (M edulla  spinalis) 334
-  sphenoidalis (A. cerebri media) 240, 2 6 6 -  

267
-  sphenopalatina (A. maxillaris) 49
-  squam osa (Os tem pora le) 7, 10, 12, 18, 20, 

2 8 -2 9 , 3 2 -3 3
-  ste rnocosta lis  (M . pectoralis major) 167
-  superfic ia lis
------(Gl. parotidea) 90 -91
------(M . m asseter) 4 3 -4 4
-  superio r (N. vestibularis) 312-313
-  supraclavicularis (Plexus brachialis) 5 6 ,1 66 , 

1 9 8 ,2 0 5 -2 0 6
-  supratarsalis (Palpebra superior) 104
-  tarsalis (Palpebra superior) 104
-  tecta (Columna fornicis) 2 3 8 -2 3 9 , 278
-  tensa 141
-  thoracica
------aortae (Aorta thoracica) 3 19 ,32 8
------(M edulla  spinalis) 327, 334
-  thyroep ig lo ttica  (M . thyroaryteno ideus) 185,

191
-  thyropharyngea (M . constric to r pharyngis 

inferior) 87, 172-173
-  transversa
------(M . a rytenoideus) 185, 189
------(M . constric to r pharyngis inferior) 172
-  transversaria (A. vertebralis) 203, 209
-  triangularis (Gyrus fron ta lis  inferior) 236
-  tym pan ica  (Os tem pora le) 20, 32 
PASSAVANT's ridge 315 
Patellar re flex 336
Pediculus arcus vertebrae 325, 330 
Pedunculus(-i)
-  cerebellaris(-es) 246, 251, 292
-  -  in ferio r 2 4 6 -2 4 7 ,2 4 9 ,3 1 2 ,3 3 8
-  -  m edius 246-247, 249, 255, 257, 2 7 9 -

280, 288
-  -  superio r 246-247, 2 4 9 -2 5 0 , 280, 338
-  cerebri 131, 234, 243, 245-247, 255, 257,

274, 276, 2 92 -2 9 3 , 295
-  floccu li 247, 249 
Pericranium 4 2 -4 3  
Peridural anaesthesia 331 
Perig lom erular cells, Fila o lfactoria 297 
Perilym phatic space 157 
Periodontium  70
Periorbita 112, 114-115, 123-124 
Periorbital region 107 
Peripharyngeal abscess 170 
Peripheral facial nerve palsy 54, 310
-  acusticus neurinom a 313
-  lagophthalm os 310
-  localisation of the  lesion 311 
Peritonsillar abscess, carotid loop 174 
Perm anent tee th  72-74
Personality d isorders, dam age o f the  tha lam ic 

nuclei 243 
Pes hippocam pi 239, 257, 2 61 -262 , 287 
Petiolus ep ig lo ttid is  180-182 
Pharyngeal is thm us (Isthm us faucium ) 80 
Pharyngeal lym phoid ring (W ALDEYER's tonsil

lar ring) 89 
Pharyngeal m uscles 172-173
-  constric to r m uscles 87, 172-173
-  levator m uscles 172 
Pharyngeal pouch, rem nants 193 
Pharyngeal space, vessels and nerves 178

Pharyngeal tonsil 89
-  hyperplasia 175
Pharyngo-oesophageal d ive rticu lum  172 
Pharynx 162, 175-179, 183
-  levels 177
-  sensory innervation 177
-  vessels and nerves 178-179 
PHILIPPE-GOMBAULT, triang le  o f (Fasciculus

interventricu laris) 336 
P hotorecetor cells, retina 131 
Pia m ater
-  cranialis 219, 227, 268
-  spinalis 329, 334 
Pineal gland 247
-  regulation, neural c ircu itry  241 
Pinealocytes, m elatonin 241 
P itu ita ry gland 223 
Plagiocephaly 21
Planning phase, som atom otor system s

342
Plantar re flex 336
Platysm a 4 0 -4 1 , 4 5 -4 6 , 63, 68, 90, 93, 165, 

169, 171, 173, 192, 196-197, 200, 307 
Pleura parieta lis 209 
Plexus
-  aorticus thoracicus 326
-  basilaris 222, 224, 240-241
-  brachialis 56, 166, 197-199, 201, 2 0 5 -2 0 6 ,

209, 214, 320, 326
------interscalene plexus blockade 209
-  cardiacus 3 1 6 -3 1 7 ,3 1 9 ,3 2 6
-  caroticus
------com m un is 178-179
-  -  internus 79, 109, 148, 268, 300, 307, 309,

314
-  cavernosus 5 9 ,9 1 ,3 0 0
-  cervica lis 46, 55, 198, 200, 214, 326 
 sensory and m oto r branches 202
-  choroideus 2 61 ,272 , 279
-  -  ventricu li lateralis 131, 240, 259, 2 6 2 -

263, 2 7 8 -2 8 0 , 2 82 -2 8 6 , 2 8 8 -2 8 9
----------quarti 239, 247-248, 250, 259, 264,

266, 288, 292
----------te rtii 240-241, 248, 259, 2 62 -264 ,

269, 2 78 -2 7 9 , 292
-  coeliacus 316 -317
-  dentalis
-  -  in ferio r 50, 77, 302
-  -  superio r 77
-  hepaticus 316 -317
-  hypogastricus 
 in ferio r 341
-  -  superio r 341
-  intraparotideus 4 7 ,3 07 ,3 1 0
-  lum balis 326
-  lum bosacralis 214
-  oesophageus 316-317, 319, 326
-  pharyngeus 1 7 7 ,3 1 4 ,3 1 6 -3 1 8
-  prevertebra lis 326
-  p terygoideus 50, 53, 76, 79, 218
-  pulm onalis 316-317, 319
-  renalis 316 -317
-  sacralis 326
-  sp len icus 316 -317
-  suprarenalis 316 -317
-  thyro ideus im par 192, 2 05 ,21 0
-  tym pan icus  1 48 ,31 4 -31 5
-  venosus
-  -  canalis nervi hypoglossi 218
-  -  caroticus internus 150 ,218
-  -  fo ram in is ovalis 150, 218, 224
-  -  pharyngeus 190
-  -  p te rygoideus 116
------vertebra lis internus 330
Plica(-ae)
-  a ryep ig lo ttica  179, 187
-  ciliares 127
-  fim bria ta  83, 87, 92, 95
-  g lossoepig lo ttica
-  -  lateralis 81
-  -  mediana 8 1 -8 2
-  in terarytenoidea (Rima g lo ttid is) 187
-  iridis 127

P l i c a  ( - a e )

-  lacrimalis (HASNER's valve) 6 5 ,110
-  mallearis anterio r 141, 144, 146-147
-  -  poste rio r 141, 146-147 
 superio r 141
-  nervi laryngei superioris 179
-  palatinae transversae 80
-  petroclinoidea anterior 292 -2 9 3
-  salpingopalatina 175-176
-  sa lp ingopharyngea 82, 175-176, 179
-  sem ilunaris conjunctivae 104,110
-  sublingualis 92, 9 4 -9 5
-  triangularis 81
-  vestibu laris 175-176, 186-188, 190-191
-  vocalis 175-176, 186-188, 190-191 
 intubation granulom as 187
-  -  squam ous cell carcinom as 187 
PNS (peripheral nervous system ) 214 
Polus
-  anterior
-  -  bulbi 125
-  -  lentis 125, 128
-  fron ta lis  2 32 -2 3 5 , 238, 260, 2 8 4 -2 8 5
-  occip ita lis  2 3 2 -2 3 5 , 238, 260, 2 8 4 -2 8 5
-  posterio r
-  -  bulbi 125
-  -  lentis 125, 128
-  tem pora lis  2 3 3 -2 3 5 , 2 61 ,277  
Polyps, Plica vocalis 187 
Polysynaptic re flexes 335
Pons 215, 229, 231, 239-241, 2 4 5 -2 4 6 , 248, 

255, 258, 269, 2 75 -2 7 6 , 279, 288, 295, 319,
327

Pontocerebellum  2 5 0 -2 5 1 ,2 5 3
-  lesions 252 
Porus acusticus
-  externus 7, 15, 3 6 -3 7
-  internus 10, 12-13, 17, 33, 151, 268 
 contents 17
Posterior cranial base 15 
Posterior cranial fossa 13 
Posterior lateral fon tanelle  19 
Posterior scalene hiatus 168 
Posterior sp inocerebellar tra c t 338 
Posterior triangle o f the  neck 164 
Posticus (M . cricoaryteno ideus posterior) 179, 

185-186, 189-190
-  paralysis 185 
Post-zoster neuralgia 306 
Pre-auricular skin tag 137 
Precuneus 236, 280, 282 -2 8 3  
Prem otor cortex 237 
Presbyopia 128 
Prevertebral m uscles 168 
Prim ary aud ito ry co rtex  237 
Prim ary brain vesic les 228
-  cervica l flexure (Flexura cervicalis) 228
-  m idbrain flexure (Flexura m esencephali- 

ca) 228
Prim ary cortical areas, cerebral hem isphe

res 237 
Prim ary palate 81 
Prim ary som atom otor co rtex  237 
Prim ary som atosensory co rtex  237 
Prim ary visual co rtex  237 
Prim ordial lens 100 
P rim ordium  choro id  100 
Processus(-us)
-  a lveolaris (Maxilla) 6, 23, 2 8 -2 9 , 61
-  anterio r (M alleus) 142
-  cilia ris 127
-  clino ideus
-  -  anterio r 12, 30, 268 
 m edius 223
------posterio r 12, 30, 268
-  cochleariform is 144-146
-  condylaris (Mandibula) 3 4 -3 6 , 3 8 -3 9 , 62, 

76, 91
-  corono ideus (Mandibula) 3 4 -3 7 , 39, 62, 91
-  e thm oidalis (Concha nasalis inferior) 25
-  fron ta lis  (Maxilla) 5 -6 , 18, 2 3 -2 4 , 58, 62, 

102, 107, 110-111
-  intrajugularis 3 1 ,3 3



P r o c e s s u s ( - u s )

-  jugularis 31
-  lateralis (M alleus) 142, 147
-  lenticu laris (Incus) 142 ,14 6 -14 7
-  m asto ideus 7, 9, 14-15, 3 2 -3 3 , 37, 91, 138, 

144-145, 147, 168, 173, 178, 308
-  m uscularis
-  -  (Cartilago arytenoidea) 180, 183 
 (Cartilago cricoidea) 180
-  orb ita lis  (Os palatinum ) 2 7 -2 9 ,1 0 2 -1 0 3
-  palatinus (M axilla) 10, 14, 20, 2 3 -2 6 , 28, 59, 

64
-  poste rio r (Cartilago septi nasi) 59
-  p terygoideus
-  -  (Os sphenoidale) 14, 20, 24-27 , 2 9 -3 0 ,

68, 78, 82, 102, 149, 173 
------(Os tem pora le) 36
-  pyram idalis (Os palatinum ) 14, 26 -27 , 102, 

308
-  spinosus 332
-  s ty lo ideus (Os tem pora le) 7, 9 -10 , 14, 3 2 -  

33, 3 6 -3 7 , 43, 68, 87, 91, 138, 144-145, 
171-173, 178

-  tem pora lis  (Os zygom aticum ) 44
-  uncinatus
------(Os ethm oidale) 6 5 -6 6
------(Os sphenoidale) 25
-  vaginalis (Os sphenoidale) 30
-  vocalis (Cartilago arytenoidea) 1 8 0 ,1 8 2 -

184, 190
-  zygom aticus
-  -  (Maxilla) 14, 23, 26, 29
-  -  (Os frontale) 5 ,2 2 ,1 0 2 -1 0 3
-  -  (Os tem pora le) 14, 22, 3 2 -3 3 , 36, 44 
Program m ing, som atom otor system  342 
Projection trac ts  255
Prominentia
-  canalis
-  -  nervi facialis 145
-  -  sem icircu laris lateralis 145
-  laryngea 1 8 0 ,1 9 2 ,2 0 4
-  m allearis 141 
Prom ontorium  144-148, 332 
Prosencephalon 2 2 8 -2 2 9 , 231 
Protopathic sensib ility
-  N. trigem inus [V] 306
-  neurons 337
Protrusion, tem porom andibu lar jo in t 37 
Protuberantia
-  m enta lis 6 -7 , 34, 85
-  occip ita lis
------externa 9 -10 , 15, 198
-  -  interna 12, 31 
Pterygopalatine fossa 27
-  lateral access route 27 
Ptosis 104
-  paralysis o f the  M . levator palpebrae 

superioris 112
Pulp cavity  70 
Pulpa
-  coronalis 70
-  den tis  70
-  radicularis 70
Pulvinar tha lam i 243, 245-247, 273, 280 
Punctum
-  lacrim ale 104-105, 110
-  nervosum  (ERB's point) 47, 197 
Pupilla 104, 127
Putamen 240, 2 56 -257 , 277-279, 2 8 3 -2 8 6 , 

2 8 8 -2 8 9  
Pyram idal tra c t 255, 257, 339
-  lesions 257
-  -  BABINSKI's re flex 257
-  m o to r func tion  342 
Pyram is 255
-  m edullae oblongatae 246
-  ve rm is 2 4 8 -2 4 9 , 252 -2 5 3

Q
Quadrant anopsia 299 
Q uadrigem inal plate 246

R
Radiatio
-  acustica 159, 243, 2 5 5 -2 5 6
-  centralis tha lam i 256
-  corporis  callosi 254, 257, 277, 281
-  optica (GRATIOLET's radiation) 131-132,

243, 2 5 5 -2 5 6 , 2 8 4 -2 8 6 , 2 9 8 -2 9 9
-  -  lesions 132
-  tha lam i 243
-  -  anterior 243, 256 
 centralis 2 55 -2 5 6
-  -  poste rio r 243, 256 
Radicular a rte ry  syndrom e 328 
Radii lentis 128 
Radiograph
-  A . carotis interna 217
-  neck 209
-  paranasal sinuses 62
-  tem porom andibu lar jo in t 39 
Radix(-ces)
-  anterior [m otoria] (Nn. spinales) 246, 330, 

334, 339
-  clinica 70
-  cranialis (N. accessorius) 2 4 6 ,3 1 6 ,3 2 0 -3 2 1
-  dentis 70
-  facialis (N. canalis p terygoidei) 148
-  in ferio r (Ansa cervicalis) 199, 202, 3 22 -3 2 3
-  lateralis (Tractus opticus) 131
-  linguae 81, 83, 86, 94, 188-189
-  m otoria (N. trigem inus) 246, 293, 303
-  nervorum
-  -  cervica lium  324
------coccygeorum  324
------lum balium  324
-  -  sacralium  324
-  -  thorac icorum  324
-  parasym pathica
------(Ganglion pterygopalatinum ) 77 ,310 ,

312
-  -  [ocu lom otoria] (Ganglion ciliare) 96 ,119 ,

300
-  posterio r
------(M edulla  spinalis) 334
-  -  (Nn. spinales) 246, 327, 330, 334
-  sensoria
------(N. trigem inus) 1 1 9 ,2 4 6 ,2 9 3 ,3 0 3
------[nasociliaris] ganglii c iliaris 3 0 0 -3 0 2 , 304
-  spinalis (N. accessorius) 2 4 6 ,2 9 2 , 295, 

320-321
-  superior
------(Ansa cervicalis) 89, 199, 201-202, 2 0 4 -

205, 208, 3 22 -3 2 3
-  -  (Plexus cervicalis) 198
-  sym pathica ganglii 
 c ilia ris 300 -301
------pterygopalatin i 77, 309, 314
Ramus(-i)
-  acrom ia lis (A. suprascapularis) 200
-  alveolares superiores
------anteriores 77
------m edii 77, 302
------posterio res 49, 51, 77
-  anastom oticus cum  a. m eningea media (A. 

lacrimalis) 118
-  anterior
-  -  (N. auricularis m agnus) 196
-  -  (N. cervicalis) 1 9 8 -2 0 0 ,3 2 2 -3 2 3  
 (Sulcus lateralis) 235
-  articulares (N. spinalis) 329
-  ascendens (Sulcus lateralis) 235
-  auricularis(-es)
-  -  (A. auricularis posterior) 52, 139
-  -  anteriores (A. tem pora lis  superfic ia lis) 52,

139
------(N. auricularis posterior) 307, 309
-  -  (N. vagus) 51, 148, 178, 316-317, 319
-  basales ten torii (A. carotis interna) 222
-  bronchiales (N. vagus) 3 16 -3 1 7 ,31 9
-  buccales (N. facialis) 46, 54, 307, 309, 311
-  calcarinus 131
-  capsulae internae (A. choroidea 

anterior) 256

R a m u s  ( - i )

-  cardiaci
-  -  cervicales
-  —  inferiores (N. vagus) 3 16 -3 1 7 ,31 9  
 m edii (N. vagus) 210
----------superiores (N. vagus) 178-179, 201,

210, 316-317, 319
-  -  (N. vagus) 326
-  -  thoracic i (N. vagus) 316-317, 319
-  cervicofacia lis (N. auricularis posterior) 54
-  ch iasm aticus 267
-  choroideus
------poste rio r (A. choroidea anterior) 272
-  -  ventricu li quarti (A. inferior poste rio r cere-

belli) 203
-  coeliaci (N. vagus) 316-317
-  co lli (N. facialis) 4 6 -4 7 , 54, 93, 197-198, 

307, 309, 311
-  com m unicans(-tes)
-  -  cum
-  —  ganglio ciliari (N. nasociliaris) 304
---------nervo faciali 96, 197, 302, 305
-  -  -  nervo g lossopharyngeo 319
----------nervo zygom atico  109, 121
----------ramo
------------ auriculari nervi vagi 314-315
------------ sinus carotic i 316-317
-  -  (Truncus sym path icus) 201 ,210
-  cricothyro ideus
------(A. thyro idea superior) 52, 175-176, 210
------(V. thyro idea superior) 175-176
-  cutaneus anterio r pectoralis (N. intercosta- 

lis) 204
-  dentales
-  -  (A. alveolaris inferior) 49
------(A. alveolaris superio r posterior) 49, 52
-  descendens (A. occip ita lis) 52
-  d igastricus (N. facialis) 48, 51, 147, 308, 310
-  d ip lo icus (A. supraorbitalis) 118
-  dorsales
------(A. intercostalis suprem a) 203
------linguae (A. lingualis) 52, 8 8 -8 9
-  externus
-  -  (N. accessorius) 178-179
------(N. laryngeus superior) 1 7 8 ,2 1 0 ,3 1 6 -3 1 7
-  -  (N. vagus) 320-321
-  fron ta lis
------(A. m eningea media) 216, 220
----------projection onto  the  side o f the  skull 220
-  -  (A. tem pora lis  superfic ia lis) 4 5 -4 6 , 48,

52, 216
------posterom edia lis (A. cerebri anterior) 281
-  ganglionares
------ad ganglion p terygopalatinum  77-78 ,

3 0 4 -3 0 5
------trigem ina les (A. carotis interna) 222
-  gastric i anteriores (N. vagus) 3 16 -3 1 7 ,31 9
-  glandularis(-es)
------(A. thyro idea inferior) 1 94 ,20 0
------(A. thyro idea superior) 52, 194
------anterior (A. thyro idea superior) 194, 210
------poste rio r (A. thyro idea superior) 210
-  gyri angularis (A. cerebri media) 225, 270
-  hepaticus (N. vagus) 3 16 -3 1 7 ,31 9
-  hyoideus (A. lingualis) 88
-  hypothalam icus 267
-  inferior(-es)
-  -  (N. oculom otorius) 113-115, 119-120,

124, 300 
------(N. transversus colli) 196
-  infrahyoideus (A. thyro idea superior) 5 2 ,1 9 8
-  interganglionaris (Truncus sym path icus) 209
-  internus
------(N. accessorius) 178-179
------(N. laryngeus superior) 88, 178, 189-190,

194, 210, 316 -317  
------(N. vagus) 320
-  intestina les (N. vagus) 316-317
-  is thm i faucium  (N. lingualis) 305
-  lateralis
------(N. supraorbitalis) 4 7 -4 8 , 50, 117-118
-  -  nasi (A. facialis) 52
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R a m u s  ( - i )

-  linguales
-  -  (N. g lossopharyngeus) 81, 189, 314-315
-  -  (N. vagus) 316 -317
-  m andibulae 6, 3 4 -3 7 , 4 3 -4 4 , 50, 68, 85,

171
-  marginalis m andibularis (N. facialis) 46, 54, 

208, 307, 309, 311
-  m asto ideus (A. occip ita lis) 52, 201
-  m edialis (N. supraorbitalis) 4 7 -4 8 , 50, 117— 

118
-  m edulläres
------laterales (A. spinalis anterior) 203
-  -  m edia les (A. spinalis anterior) 203
-  m eningeus
------(A. carotis interna) 222
------(A. cerebri posterior) 268
------(A. occip ita lis) 52
-  -  (A. ophtha lm ica) 115 
 (A. vertebralis) 203
------anterior (A. e thm oida lis anterior) 117-120
------(N. cervicalis) 3 22 -3 2 3
-  -  (N. mandibularis) 117,305
------(N. m axillaris) 302, 304
------(N. spinalis) 329
------(N. trigem inus) 302
-  -  (N. vagus) 316-317, 319
-  -  recurrens
----------(A. ophthalm ica) 115-116, 118
----------(N. ophthalm icus) 302, 304
-  m enta lis (A. a lveolaris inferior) 49, 52
-  m usculares
------(A. vertebralis) 203
------(N. p te rygoideus medialis) 150
-  m usculi sty lopharynge i (N. g lossopharyn

geus) 314-315
-  m ylohyo ideus (A. a lveolaris inferior) 49
-  nasalis(-es)
-  anteriores laterales (A. e thm oidalis 

anterior) 118
-  -  externus
 (A. e thm oida lis anterior) 66
 (N. e thm oida lis anterior) 48 , 67, 302
-  -  -  (N. trigem inus) 55
-  -  interni
-  —  (N. e thm oida lis anterior) 302
 (N. infraorbita lis) 67
------posteriores
-  -  -  in feriores (N. palatinus major) 67
-  -  -  superiores 78, 302
------------- laterales 67, 305
------------- m edia les 305
-  nervi occulom otorii (A. com m unicans poste

rior) 267
-  occip ita lis
------(A. auricularis posterior) 52
-  -  (A. occip ita lis) 52
------(N. auricularis posterior) 307
-  oesophageales
 (A. thyro idea inferior) 200
 (N. laryngeus recurrens) 189
-  -  (N. vagus) 316-317
-  o rbita les (N. maxillaris) 78
-  paracentrales 225
-  parietalis
------(A. m eningea media) 216, 220
 (A. occip ita lis  medialis) 281
 (A. tem pora lis  superfic ia lis) 46, 4 8 -4 9 ,

51 -52 , 216
-  parie tooccip ita lis  (A. occ ip ita lis  medialis) 225
-  parotideus(-i)
 (A. auricularis posterior) 52
-  -  (A. tem pora lis  superfic ia lis) 52
 (N. auriculotem poralis) 305
 (N. facialis) 96
 (N. trigem inus) 302
-  perforantes
 (A. auricularis posterior) 139
 (A. thoracica interna) 204
-  -  (V. thoracica interna) 204
-  peridentales (A. a lveolaris inferior) 49
-  -  (A. a lveolaris superio r posterior) 49, 52 
 (A. infraorbita lis) 49

R a m u s ( - i )

-  pharyngealis(-es)/pharyngeus(-i)
------(A. canalis p terygoidei) 79
------(A. palatina descendens) 89
------(A. pharyngea ascendens) 52
------(A. thyro idea inferior) 200
------(Aa. palatinae m inores) 52
------(N. g lossopharyngeus) 1 78 ,31 4 -31 5
-  -  (N. vagus) 1 7 8 ,3 1 4 ,3 1 6 -3 1 7 ,3 1 9
-  posterior(-es)
------(N. auricularis m agnus) 196
------(Nn. cervicales) 198
------(Sulcus lateralis) 235, 281
-  precunealis (A. pericallosa) 225, 280-281
-  profundus (A. transversa colli) 198 -200
-  p terygoidei (A. maxillaris) 49, 52
-  pulm onales (N. vagus) 326
-  radicularis(-es)
------(A. vertebralis) 203
-  -  anteriores
-  —  (A. e thm oidalis anterior) 118
-  —  (Nn. intercostales) 329
---------(Nn. lum bales) 329
-  -  posteriores
-  —  (Nn. intercostales) 329
-  —  (Nn. lumbales) 329
-  septalis
-  -  (A. e thm oidalis posterior) 66
-  -  anterior (A. e thm oida lis anterior) 66 
 (N. e thm oidalis anterior) 67
------poste rio r (A. sphenopalatina) 52, 66
-  septi nasi (A. labialis superior) 52, 66
-  sinus carotici (N. g lossopharyngeus) 3 1 4 -

315
-  spinales
------(A. cervica lis ascendens) 200
-  -  (A. in tercostalis suprema) 203 
 (A. vertebralis) 203
-  ste rnocle idom asto ideus
------(A. occip ita lis) 52, 89, 200
------(A. thyro idea superior) 52, 199
-  s ty lohyo ideus (N. facialis) 48, 147, 308, 310
-  superfic ia lis  (A. transversa colli) 198-199, 

201
-  superior(-es)
-  -  (N. oculom otorius) 113, 115, 118-119,

124, 300 -301  
------(N. transversus colli) 196
-  suprahyoideus (A. lingualis) 88, 198
-  tem poralis(-es)
-  -  anterior (A. cerebri media) 270 
 m edius (A. cerebri media) 270
-  -  (N. facialis) 46, 54, 307, 309, 311
-  -  superfic ia lis  (N. trigem inus) 302
-  tem poro fac ia lis  (N. auricularis posterior) 54
-  ten torius
------(N. ophthalm icus) 302, 304
-  -  (N. trochlearis) 117
-  te rm ina les (A. cerebri media) 240, 283
-  tonsillae cerebelli (A. in ferio r poste rio r cere- 

belli) 203
-  tonsillaris(-es)
-  -  (A. facialis) 52
-  -  (A. palatina ascendens) 89, 189 
 (A. pharyngea ascendens) 89
------(N. g lossopharyngeus) 81, 89, 189, 3 1 4 -

315
-  -  (Nn. palatini m inores) 89
-  tracheales
------(A. laryngea inferior) 189
-  -  (A. thyro idea inferior) 200 
 (N. vagus) 316 -317
-  tubarius (N. g lossopharyngeus) 314
-  ventra lis nervi spinalis 214
-  zygom atic i (N. facialis) 46, 54, 307, 309, 311
-  zygom aticofacialis
-  -  (N. m axillaris) 302
-  -  (N. zygom aticus) 48, 78, 302
-  zygom atico tem pora lis  (N. zygom aticus) 48,

7 8 -7 9
Ranula 92 
Raphe
-  m ylohyoidea 8 4 -8 5

R a p h e

-  palati 68, 80 -8 1
-  palpebralis lateralis 104 ,107
-  pharyngis 172
-  p terygom andibularis 49, 51, 68, 80, 173 
RATHKE's pouch 175
Recessus
-  cochlearis 153
-  e llip ticus 153
-  ep itym pan icus 141, 143-144, 146
-  fron ta lis  65
-  in fundibu li 241, 248, 259, 264, 278, 287
-  lateralis ventricu li quarti 249, 259
-  m eatus acustici inferioris 140
-  m em branae tym pan icae 
 anterior 141
------superio r 141, 144
-  pharyngeus 60, 150, 179
-  p inealis 241, 259, 264, 285
-  p irifo rm is 179, 187, 190
-  sphenoethm oidalis 65
-  sphericus 153
-  supraopticus 241, 259, 264, 278, 287
-  supraorbitalis 63
-  suprapinealis 241, 247, 259, 264, 284
-  triangularis 247, 264, 278
-  tubo tym pan icus 136
------deve lopm ent 136
Rectum  341 
Referred pain 326 
Reflexes 335
-  o f the  spinal cord 3 3 5 -3 3 6  
Refractive index, cornea/lens 126 
Regio
-  axillaris 201
-  buccalis 4
-  capitis  4
-  cervicalis
-  -  anterio r 4, 164-165, 196, 198
-  -  lateralis 4, 164-165, 196-201
-  -  poste rio r 4, 164
-  colli 4
-  delto idea 4
-  fron ta lis  4
-  infraorb ita lis  4
-  m enta lis 4
-  nasalis 4
-  occip ita lis  4
-  oralis 4
-  orbita lis 4
-  parieta lis 4
-  parotideom asseterica 4
-  ste rnocle idom asto idea 4
-  tem pora lis  4
-  zygom atica 4 
REICHERT'S cartilage 20 
REINKE's oedem a 191 
REINKE's space 191 
REISSNER's m em brane (M em brana

vestibu li) 156 
R espiratory epithe lium  297
-  laryngeal cav ity  188 
Reticulum  trabeculare 125 ,127  
Retina 1 2 5 -1 2 6 ,2 4 1 ,2 9 8
-  am acrine cells 298
-  b loodvesse ls  129
-  cone ce lls 1 3 1 ,2 9 8 -2 9 9
-  d iffuse  off-ganglion  cells 298
-  d iffuse  on-ganglion cells 298
-  ganglion cells 2 9 8 -2 9 9
-  horizontal cells 298
-  inner lim iting  m em brane 298
-  inversion 131
-  m idge t o ff-ganglion  cells 298
-  m idge t on-ganglion cells 298
-  neural epithe lium  100-101
-  neuronal n e tw o rk  298
-  o ff-cone  b ipolar cells 298
-  on-cone b ipolar ce lls 298
-  on-ganglion ce lls 298
-  p igm ent epithe lium  100-101
-  rod cells 1 3 1 ,2 9 8 -2 9 9
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Retinaculum
-  laterale 124
-  m ediale 124
Retinal ablation (A b la tio /A m otio  retinae) 125, 

129, 131
-  optic  d isc oedem a 129 
Retro-articu lar venous plexus 38 
Retropharyngeal abscess 170 
Retrusion, tem porom andibu lar jo in t 37 
Rhachischisis 333
Rheum atoid a rth ritis , c rico-aryteno id  jo in t 183 
Rhinorrhea 67
Rhom bencephalon 2 2 8 -2 2 9 , 231 
Rhom boid fossa 246
-  nuclei regulating the  system ic c ircu la ti

on 246
Rima
-  g lo ttid is  185, 187, 190-191
-  palpebrarum  104, 106
-  vestibu li 191
R IO LAN 's m uscle (Pars palpebralis, M . o rb icu

laris oculi) 106 
Rod b ipolar cells, retina 131, 2 9 8 -2 9 9  
Rod cells, retina 131, 2 9 8 -2 9 9  
ROLANDO, fissure  or sulcus o f (Sulcus centra

lis cerebri) 229, 2 32 -2 3 3 , 2 3 5 -2 3 6 , 255,
258, 260, 269, 275, 2 81 -283 , 2 8 8 -2 8 9  

ROLLER'S nucleus (Ncl. vestibu laris inferior) 
160, 294, 313 

ROMBERG'S te s t, ve rtigo  158 
Roof o f skull 10-11, 219
-  d ip lo ic canals 219
-  d ip lo ic veins 219 
Root apex of too th  70 
Root o f the  tongue 81
-  a rteries and nerves 189 
Root o f too th  70
Root pulp of too th  70
ROSENTHAL'S vein (V. basilaris) 218, 240, 273
Rostral 215
Rostrum
-  corporis callosi 236, 238, 248, 254, 2 6 2 -

263, 269, 277, 285, 288
-  sphenoidale 30
Round w in d o w  (Fenestra cochleae) 145

s
Saccadic eye m ovem ents 253 
Sacculus
-  laryngis 190-191
-  vestibu laris 134, 137, 154, 157, 312 
Saccus
-  endo lym phaticus 137, 154
-  lacrim alis 110-111
Saddle anaesthesia, cauda equina syndrom e

324
Sagitta l suture 8, 19 
Salivary glands 91
-  anom alies o f the  excretory duct system  92
-  inflam m ation  92 
Scala
-  tym pan i 152-154, 156-157
-  vestibu li 152-154, 156-157 
Scalene hiatus 1 6 8 ,2 0 1 ,2 0 9  
Scalenus anticus syndrom e 209 
Scapha 139-140 
Scaphocephaly 21 
SCHIRM ER 's te s t 108, 147
-  im paired func tion  of the  lacrimal gland 108
-  peripheral facial nerve palsy 311 
S C H LE M M 's canal (Sinus venosus scle-

rae) 125-127 
SCHULTZE's com m a tra c t (Fasciculus interfas- 

cicularis) 336 
SC HW ALBE's nucleus (Ncl. vestibu laris m edia

ns) 1 6 0 ,2 9 4 ,3 1 3  
Scintigraphic image, thyro id  gland 195 
Sclera 101, 123-127
-  deve lopm ent 100
-  radius o f curvature 126 
Secondary aud ito ry cortex 237

Secondary brain vesic les 228 
Secondary cortica l areas, cerebral hem isphe

res 237 
Secondary m oto r areas 342 
Secondary palate 81 
Secondary som atosensory cortex 237 
Secondary visual cortex 237 
Segmenta
-  cervicalia 324, 327
-  coccygea 324
-  lum balia 324, 327
-  m edullae spinalis 3 2 4 -3 2 5
-  sacralia 324
-  thoracica 324, 327 
Sella turcica 10, 31, 60, 223
-  a rteries and nerves 293 
Sem icanalis
-  m usculi tensoris  tym pan i 1 4 5 -1 4 6 ,1 5 0 ,3 0 8
-  tubae auditivae 82, 146, 149-150, 152 
Sem icircu lar ducts 134 ,157
-  hair cells 313 
Senile ectrop ion  41 
Sensorineural hearing im pa irm ent 157 
S ensory ce lls (o lfactory cells) 2 96 -2 9 7  
S ensory dysfunction
-  b lo w -ou t fracture  103
-  intracerebral infarction 256
-  lesions o f the  tha lam ic nuclei 243 
Septum
-  canalis m usculo tubarii 1 4 5 -1 4 6 ,1 5 0
-  linguae 83, 87, 95
-  nasi 59, 6 2 -6 4 , 76 
 osseum  6, 18, 24, 36
-  orbita le  107, 111, 123
-  pellucidum  236, 238, 247, 257, 2 62 -2 6 4 ,

269, 2 74 -278 , 2 82 -2 8 4 , 292
Septum  deviation 24, 63 
Serom ucous o titis  media 143 
SERRE's bodies 73
Shoulder dysfunction , lesions o f the  N. acces

sorius 47, 321 
SHRAPNELL's m em brane 141 
Sialo liths 92, 94 
S inger's nodules 187 
Sinus
-  caroticus 216 ,314
-  cavernosus 1 1 5 -1 1 6 ,2 1 8 ,2 2 2 -2 2 4 ,2 9 3
-  -  a rteries and nerves 293
-  -  th rom bos is  108, 116
-  durae m atris 2 1 9 ,2 2 2 ,2 2 4
-  -  th rom bos is  224
-  fron ta lis  10, 2 4 -2 5 , 28, 5 9 -6 4 , 122, 130
-  -  deve lopm ent 64
-  -  entrance 60
-  -  position  in the  skull 61
-  intercavernosi 2 22 -2 2 4
-  marginalis 222, 224
-  m axillaris 23, 26, 2 8 -2 9 , 6 1 -6 4 , 76 -77 , 91, 

102, 110-112, 122-124, 130, 275
-  -  deve lopm ent 64
-  -  entrance 60
-  occip ita lis  222, 224, 268
-  paranasales 62
-  -  entrance 60
-  petrosus
------in ferio r 222, 224
------superio r 222, 224, 293
-  poste rio r (Cavum tym pani) 145
-  rectus 218, 222, 224, 259, 292
-  sagitta lis
-  -  in ferio r 218, 222, 240, 272, 292
-  -  superio r 63, 2 18 -220 , 222, 2 24 -225 ,

240, 259, 272, 292
-  s igm oideus 1 7 8 -1 7 9 ,2 1 8 ,2 2 2 ,2 2 4 ,2 6 8
-  sphenoidalis 1 0 ,2 4 -2 5 ,2 9 -3 0 ,3 6 ,5 9 -6 2 ,

121, 130, 223, 275
-  -  entrance 60
-  -  position in the  skull 61 
 s inus itis /tum ours  120
-  -  surgical interventions 61
-  sphenoparie ta lis 218, 222, 224
-  transversus 147, 178-179, 222, 224
-  tym pan i 145-146

S i n u s

-  venosus sclerae (SC HLEM M 's canal) 125— 
127

Sinus th rom bosis , inflam m ation  in the  facial 
area 53 

S inusitis 62
-  com puted  tom ography 64
-  m axillaris 28 
Siphon caroticum  217 
Skull 5
-  basal fractures 8
-  d iastatic fractu res 8
-  linear fractu res 8
-  o f a new born  18-20
-  sp lit fractures 8 
Skull bones 6 -1 0
-  oss ifica tion  20 
Skull fractu res 8
-  lesions o f the  A . m eningea media 221 
Small alar cartilage 58
Small fontanelle  19 
Small salivary glands 91 
SÖLDER's lines 306  
S o ft palate 80 
S o ft triangle, nose 58 
Som atic nerve plexus 326 
S om atom otor system  342
-  planing phase 342 
Som ato top ic arrangem ent
-  internal capsule 256
-  prim ary som atom o tor co rtex  237 
Spatium(-a)
-  epidurale 331 -3 3 2
-  episclerale 123
-  extradurale 330
-  intervaginale subarachnoidale 125
-  lateropharyngeum  178-179
-  oesophagotracheale 175-176, 188
-  perichoroideum  (Retina) 125
-  periviscerale 169
-  re trooesophageum  175-176
-  re tropharyngeum  175-176
-  subarachnoideum  219, 2 5 8 -2 5 9 , 268, 276, 

329, 331
-  suprasternale 171, 192
-  zonularia 127
Special som ato -a ffe ren t fib res  (SSA) 2 9 4 -2 9 5
-  N. vestibu locochlearis 313
Special v iscero -a ffe ren t fib res (SVA) 2 9 4 -2 9 5
-  N. g lossopharyngeus [IX] 315
Special v iscero -e ffe ren t fib res  (SVE) 2 9 4 -2 9 5 ,

309, 318
-  N. accessorius 321 
S pecific  tha lam ic nuclei 242
-  lesions 243 
Sphenoid bone 30-31  
Spina(-ae)
-  b ifida (aperta, cystica or occulta) 333
-  m enta lis 3 4 -3 5
-  -  superio r 85
-  nasalis 22
-  -  anterio r 6 -7 , 23, 2 5 -2 6 , 59 
 poste rio r 14, 2 3 -2 6
-  oss is  sphenoidalis 12, 14, 27, 30, 36, 149
-  palatinae 26
-  supram eatica 32
-  tym panica
-  -  m ajor 147
-  -  m ino r 147 
Spinal anaesthesia 331
Spinal cord 251, 3 2 4 -3 2 5 , 327, 342
-  a ffe ren t trac ts  3 3 7 -3 3 8
-  a rteries 328
-  com pression  333
-  cross-sections 334
-  d irectional and positional in form ations 215
-  e ffe re n t tra c ts  339
-  flexor re flexes 3 3 5 -3 3 6
-  lam inar organisation
-  -  o f the  grey m a tte r 335
-  -  o f the  w h ite  m a tte r 336
-  layers 335
-  lesions 333
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Index

S p i n a l  c o r d

-  local autonom ic system  335
-  longitudinal grooves 327
-  m eninges 329
-  m otor func tion  342
-  nuclei 335
-  pathways of the  m oto r system  339
-  position w ith in  in vertebral canal 330
-  re flex c ircu itry  335
-  re flexes 335
-  segm enta l arterial supp ly  329
-  segm ents 3 2 4 -3 2 5
-  stre tch  re flexes 3 3 5 -3 3 6
-  supraspinal centres 335 
Spinal nerves 327
-  lesions, dysfunctiona l cutaneous innerva

tion  340
-  nom enclature 327
Spinocerebellar tract, an terio r/posterio r 338 
Spinocerebellum  2 50 -2 5 2
-  lesions 252
Spiral canal o f cochlea 152, 156 
Splenium  corporis callosi 234, 236, 2 3 8 -2 3 9 , 

2 5 4 -2 5 5 , 262, 269, 275, 280, 2 8 3 -2 8 4 ,
288, 292 

Split lam p exam ination, eye 108 
Split skull fractu res 8 
Split-brain operation, ep ilepsy 260 
Split-brain syndrom e 260 
Spontaneous nystagm us 253 
Squama
-  fron ta lis  5, 19, 22, 24, 29, 102-103
-  occip ita lis  9 -10 , 1 8 -2 0 ,3 1  
Squam ous cell carcinoma
-  larynx 188
-  Plica vocalis 187
SSA (special som ato -a ffe ren t fibres) 291, 2 9 4 -

295
-  N. vestibu lococh learis 313 
Stapedius re flex te s t, peripheral facial

palsy 311
Stapes 136, 138, 141-144, 147, 154, 157, 308 
STENSEN's (STENON) d uc t (Ductus paroti- 

deus) 40, 4 2 -4 3 , 46, 90, 9 2 -9 3 , 173 
STH (som atotropic horm one, g row th  hormone), 

overproduction  244 
Stratum
-  granulosum  (Cerebellum ) 250
-  m oleculare (Cerebellum) 250
-  nervosum  (Retina) 125
-  p igm entosum  (Retina) 125
Stretch re flexes o f the  spinal cord 3 3 5 -3 3 6  
Stria(-ae)
-  longitudinalis
-  -  lateralis 239, 260, 279 
 m edialis 239, 260, 279
-  m allearis 141
-  medullaris(-es)
-  -  thalam i 2 4 1 ,2 4 4 ,2 7 8 -2 7 9  
 ventricu li quarti 246, 259
-  o lfactoria
------lateralis 296
-  -  m edialis 296
-  te rm ina lis  247, 2 6 2 -2 6 4 , 2 78 -2 7 9 , 282 -2 8 3  
Stria tum , m oto r func tion  342
Stroke S e e  cerebral infarction 
Struma m ultinodosa 195 
Subarachnoidal space 258, 325 
Subclavian steal syndrom e 200 
Subdural haem atom a 221, 225
-  chronic 225
-  injuries o f the  bridg ing veins 225 
Subglo ttis  (subg lo ttic  space) 186 
Subiculum  prom ontorii 145 
Sublingual gland 9 1 ,9 3 -9 4  
Submandibular gland 9 1 ,9 3 -9 4  
Substantia
-  alba 262, 280
------(M edulla  spinalis) 334
-  gelatinosa 3 3 4 -3 3 5
-  -  centralis (M edulla  spinalis) 334
-  grisea 262, 280 
 centralis 245

S u b s t a n t i a  g r i s e a

------interm edia centralis 335
------(M edulla spinalis) 334
-  lentis 128
-  nigra 219, 234, 245, 257, 287, 2 9 2 -2 9 3 , 339 
 m o to r func tion  342
-  perforata
-  -  anterior 245, 296
------poste rio r 234, 245, 266
Sulcus(-i)
-  anterolateralis 327, 334
-  arteriae
-  -  m eningeae mediae 11 
 subclaviae 210
-  -  tem pora lis  mediae 32
-  arteriosus
- --(Os sphenoidale) 30 
------(Os tem porale) 1 0 -1 2 ,3 3
-  bulbopontinus 248
-  calcarinus 1 3 1 -1 3 2 ,2 3 3 -2 3 4 ,2 3 7 -2 3 8 ,

255, 269, 2 74 -275 , 280, 2 8 4 -2 8 5 , 288, 
2 9 8 -2 9 9

------location/course 233
-  caroticus 1 2 ,3 0 -3 1 ,2 6 8
-  centralis
------cerebri (fissure/sulcus o f ROLANDO) 229,

2 32 -2 3 3 , 2 3 5 -2 3 6 , 255, 258, 260, 269,
275, 2 81 -283 , 2 8 8 -2 8 9  

------insulae 235
-  cerebri 232, 2 3 4 -2 3 5
-  cinguli 2 32 -2 3 3 , 238, 277, 282
-  -  loca tion /course  233
-  circularis insulae 235, 277
-  c o lla te ra l 2 3 3 -2 3 4 , 261-262, 2 85 -2 8 7
-  corporis callosi 255, 277
-  fron ta lis  in ferio r 232
-  h ippocam palis 2 3 3 -2 3 4 , 2 61 -262 , 2 86 -2 8 7
-  hypothalam icus 241, 264, 269, 279, 286
-  infraorb ita lis  2 3 ,2 7 -2 9 , 102-103
-  in term ed ius poste rio r 246, 334
-  intraparietalis 232, 2 3 5 -2 3 6
-  lacrimalis 23, 102
-  lateralis 229, 233, 235, 258, 277, 279, 281
-  -  cerebri 236
-  -  loca tion /course  233
-  lim itans 246
-  lunatus 235, 2 8 3 -2 8 5
-  m edianus 246, 259
-  -  linguae 81
------(M edulla  oblongata) 246 -2 4 7
-  -  poste rio r (M edulla spinalis) 327, 334
-  m ylohyo ideus 3 4 -3 6
-  nervi petrosi
-  -  m ajoris 12, 152
-  -  m inoris  12
-  occ ip ito tem pora lis  234
-  o lfactorius 234
-  orbita les 234
-  palatini 26
-  palpebralis superio r 104
-  palpebronasalis 104
-  parie tooccip ita lis  2 32 -2 3 3 , 2 3 5 -2 3 6 , 238, 

255, 269, 280, 2 8 2 -2 8 3 , 288
-  -  loca tion /course  233
-  postcentra lis 232
-  posterola teralis 246, 318, 327, 334
-  precentra lis 232, 235
-  prechiasm aticus 31, 223
-  prom ontorii 145
-  re troolivaris 319
-  sclerae 104
-  sinus
-  -  petrosi
----------in ferio ris 12, 152
-  —  superioris 12
-  -  sagitta lis  superioris 11-12
-  -  sigm oide i 10, 12-13, 31, 33, 151-152, 268
-  -  transversi 10, 12-13,31
-  spiralis internus 156
-  subparietalis 280, 282 -2 8 3
-  tem pora lis
-  -  in ferio r 2 3 4 -2 3 5
------superio r 235, 280, 2 8 3 -2 8 6

S u l c u s ( - i )

-  te rm ina lis  179 
 linguae 81
-  tubae auditivae 1 5 ,3 0
-  tym pan icus  145
-  venosi 11 
Supercilium  104, 123 
S upplem entary m oto r co rtex  237 
S upporting cells, Crista am pullaris 157 
Suprag lottis  (supraglottic  space) 186 
Suprahyoidal m uscles 8 4 -8 5 , 167 
Supranuclear lesion o f the  N. facialis 310 
Supratentorial herniation 249
Sutura
-  coronalis 6 -8 , 10-11, 18-19, 219
-  e thm oido lacrim alis 29
-  fron ta lis  18-19, 24
-  fron to lacrim a lis  6 -7
-  fron tom axillaris  28, 58
-  frontonasalis 5, 58
-  fron tozygom atica  6 -7 , 62
-  incisiva 26
-  interm axillaris 6
-  internasalis 5
-  lacrim om axillaris 7
-  lam bdoidea 7-11, 18-19
-  nasom axillaris 6 -7 , 58
-  occip ita lis  transversa 9, 20
-  occip itom asto idea 7, 9, 12
-  palatina
-  -  mediana 14, 26
-  -  transversa 14, 23, 26, 59
-  parie tom asto idea 7, 9
-  sagitta lis  8 -9 , 19, 219
-  sphenofronta lis 6 -7 , 12, 29
-  sphenoparie ta lis 6
-  sphenosquam osa 7, 12, 38
-  sphenozygom atica 6 -7 , 109
-  squam osa 7, 9 -10
-  tem porozygom atica  7
-  vom erom axillaris 59
-  zygom atico fron ta lis  28
-  zygom aticom axillaris 6 -7 , 23, 2 7 -2 8 , 103 
Sutural bones 9
SVA (special v iscero -a ffe ren t fibres)
-  N. facialis [VII] 2 9 1 ,2 9 4 -2 9 5 ,3 1 0
-  N. g lossopharyngeus [IX] 315
SVE (special v iscero -e ffe ren t fibres) 291, 2 9 4 -

295, 309, 318
-  N. accessorius [XI] 321
-  N. facialis [VII] 310, 321 
Sw allow ing d ifficu ltie s  315 
Sw allow ing re flex 84
-  lack o f 315
-  -  lesions o f the  N. vagus 319 
SYLVIUS, aqueduct o f (Aqueductus m esence-

phali) 258 
Sym path icus (sym pathetic system ) 341 
Sym physis m andibulae 1 8 ,3 5  
Synchondrosis
-  petrooccip ita lis  152, 172
-  sphenopetrosa 151-152 
Syndesm oses 181 
System a nervosum  214
System ic c ircula tion, regulation, nuclei o f the 

rhom boid fossa 246

T

Taenia
-  choroidea 247, 264
-  fom ic is  239, 263
-  tha lam i 2 6 3 -2 6 4  
Tanycytes 264
Tapetum 254, 280, 2 82 -2 8 3 , 289
Tarsal p lates 107
Tarsus
-  in fe rio r 106-107, 123
-  superio r 106-107, 123 
Tear film
-  break-up tim e  108
-  com ponents 106



Tectum  m esencephali 131, 234, 241, 245, 248, 
252, 269, 2 74 -275 , 2 86 -2 8 7  

Teeth
-  b lood supp ly  76
-  deve lopm ent 73
-  fo rm  70
-  in filtra tive  anaesthesia 77
-  innervation 77
-  re ference lines 7
-  ru les o f o rientation 70 
Tegm en ventricu li quarti 2 49 -2 5 0  
Tegm entum  m esencephali 234, 245, 248, 274,

279, 2 8 6 -2 8 7  
Tela choroidea 2 7 9 -2 8 0 , 283
-  ventricu li
-  -  quarti 247
-  -  te rtii 241, 248, 2 62 -2 6 4 , 269, 272, 2 7 8 -

279, 284, 288 
Telencephalon 215, 2 2 8 -2 2 9 , 231
-  grooves 229
-  hem ispheres 229
-  -  deve lopm ent 229 
Temporal bone 3 2 -3 3 , 148
-  o f a new born  32 
Temporal fossa 122
Temporal horn, lateral ventric le  261 -262  
Temporal lobe 233 
Temporal lobe hernia 221 
Temporal visual fie ld  299 
Tem porom andibular jo in t 3 6 -3 8 ,4 4
-  abduction 37
-  adduction 37
-  a rthrosis 38
-  articu la r d isc 38
-  condylar fracture  38
-  fossa 38
-  m ovem ents 37
-  protrusion 37
-  radiograph 39
-  re trusion 37
-  tuberc le  38
Tendo in term ed ius (M . d igastricus) 8 4 -8 5 , 208 
Tendon of the  vocal ligam ent (BROYLE's te n 

don) 182, 190 
TEN O N 's capsule (Vagina bulbi) 123 
Tentorium  cerebelli 221-222, 272, 292 
Tetracyclines, enam el de fects  73 
Thalam ic nuclei 242
-  intralam inar group 243
Thalam ic pain, lesions o f the  tha lam ic nuc

lei 243 
Thalam ic radiation 243 
Thalam us 160, 215, 229, 236, 238, 2 4 0 -2 4 3 ,

247, 251, 256, 2 6 3 -2 6 4 , 269, 2 73 -276 ,
2 78 -2 7 9 , 2 8 3 -2 8 5 , 288, 337, 339, 342

-  cortica l p rojections 242
Thorax, transition  to  the  upper e x trem ity
-  vessels and nerves 209 
Throm boph leb itis , O titis  media 144 
Throm bosis
-  Sinus cavernosus 108
-  Sinus durae m atris  224 
Thyroglossal d uc t cys t 193
-  com puted  tom ography 193 
Thyroid cartilage 180 
Thyroid gland 191-192
-  a rteries 194
-  deve lopm ent 193
-  d iffuse  and foca l a lterations 195
-  lym ph vessels and lym ph nodes 207
-  position  192
-  scintigraphic im age 195
-  surgery 192
-  u ltrasound im age 195
-  veins 194 
Thyro idectom y 194
Tic dou loureux (trigem inal neuralgia) 55 
T innitus 156 
Tongue 8 1 -8 3 , 86
-  ex trins ic  m uscles 8 6 -8 7
-  intrinsic m uscles 83
-  m o to r innervation 88
-  m uscles 83, 87

T o n g u e

-  nerves 8 8 -8 9 , 93, 95
-  vessels 8 8 -8 9 , 95 
Tonsilla
-  cerebelli 2 4 8 -2 5 0 , 253, 280 
 hernia 221
-  lingualis 8 1 -8 2 , 89, 175-176
-  palatina 68, 8 0 -8 2 , 87, 89, 175-176, 179,

189, 193
-  pharyngea 60, 68, 89, 175-176, 179
-  tubaria 89 
Tonsillectom y 89
-  carotid loop 174 
Torus
-  levatorius 175-176
-  m andibularis 34
-  tubarius 60, 175-176, 179
Trachea 166, 169, 172, 175-176, 179, 183,

185, 188-189, 191-192, 194, 201, 207
-  lym ph vessels and lym ph nodes 207
-  surgical access 166 
Tracheotom y 166 
Tractus
-  bulboreticu losp inalis 339
-  cerebellaris 251
-  cerebelloreticularis 251
-  cerebellorubralis 279, 339
-  cerebello tha lam icus 251
-  cerebe llovestibu la ris 251
-  corticonuclearis  256
-  co rticore ticu laris  256
-  corticorubra lis  256
-  corticosp ina lis  256
-  -  anterio r 255, 336
-  -  lateralis 255, 336
-  cuneocerebellaris 251
-  fron topon tinus 243, 2 55 -2 5 6
-  hypothalam ohypophysia lis 244
-  occ ip itopon tinus 256
-  o lfacto rius 60, 227, 234, 238, 266, 277, 292, 

2 9 6 -2 9 7
-  o livocerebellaris 251
-  opticus 115, 131-132, 238, 243, 2 45 -2 4 6 , 

255, 257, 278, 287
-  paraventriculohypophysialis 244
-  parie to tem poropontinus 256
-  pontocerebellaris 251
-  pyram idalis 255, 257, 279
-  re ticulocerebellaris 251
-  re ticulosp ina lis 336, 339
-  re tinohypothalam icus 241
-  rubrospinalis 336, 339
-  rubrotha lam icus 339
-  spinalis nervi trigem in i 3 0 3 ,3 1 5 ,3 1 7
-  spinocerebellaris
-  -  anterio r (G O W E R S 'tract) 2 5 1 ,3 3 6 ,3 3 8
-  -  posterio r (FLECHSIG's tract) 2 51 ,336 ,

338
-  sp inoolivaris 3 3 6 -3 3 8
-  sp inoreticularis 337
-  sp ino tecta lis  3 3 6 -3 3 7
-  sp inothalam icus 
 anterior 3 3 6 -3 3 7
-  -  lateralis 3 3 6 -3 3 7
-  spira lis foram inosus 152
-  supraopticohypophysia lis 244
-  tectosp ina lis  336, 339
-  vestibu locerebe lla ris 251
-  vestibu lospinalis 339 
 m edialis 336
-  vestibu lo thalam icus 160 
Tragus 7, 139
Transglottic space (g lo ttic  space, G lottis) 186 
Transtentorial herniation 249 
Triangular cartilage, nasal skeleton 58 
Triceps re flex 336
Trigem inal neuralgia (Tic douloureux) 55, 306
Trigem inal poin ts 55
Trigonum
-  caroticum  4, 162, 164
-  cervicale
-  -  anterius 164 
 posterius 164

T r i g o n u m

-  co llatérale 2 6 1 -2 6 3 ,2 8 5 , 289
-  habenulare 247
-  lem nisci lateralis 247
-  m usculare (om otracheale) 4, 164
-  nervi
------hypoglossi 246
-  -  vagi 246
-  o lfactorium  234, 238, 245, 296
-  om oclavicu lare 4, 171
-  re trom olare 34
-  subm andibulare 4, 164
-  -  vessels and nerves 208
-  subm enta le  4, 164 
Trism us 45
Trochlear nerve, palsy 114 
TR O LAR D 's vein (V. anastom otica superi

or) 218, 225 
Truncus(-i)
-  brachiocephalicus 168, 179, 203, 209, 319
-  corporis  callosi 236, 238, 240, 247, 2 5 4 -  

255, 257, 261, 269, 2 76 -2 7 9 , 282, 288, 292
-  costocervica lis 203
-  -  branches 203
-  encephali 239, 2 4 6 -2 4 8 , 269 
 functiona l o ve rv iew  290
-  in ferio r (Plexus brachialis) 209
-  jugularis 210
-  lym phaticus
-  -  b ronchom ediastina lis 210
-  -  subclavius 210
-  m edius (Plexus brachialis) 209
-  nervi accessorii 179, 320
-  superio r (Plexus brachialis) 1 98 -1 9 9 ,20 9 , 

320
-  sym path icus 79, 178-179, 201, 2 09 -210 , 

314, 341
-  thyrocervica lis 179, 194, 2 00 -201 , 203, 209,

328
-  -  branches 200
-  vagalis(-es) 326
-  -  anterior 3 16 -3 1 7 ,31 9  
 posterio r 3 16 -3 1 7 ,31 9
Tuba auditiva [auditorial (EUSTACHIAN tube, 

Tuba EUSTACHII) 137-138, 141, 146, 1 4 9 - 
150, 155, 308, 314 

Tubal tons il 89 
Tuber
-  cinereum  1 3 1 ,2 3 4 ,2 4 5
-  fron ta le  8, 18, 22
-  m axillae 23, 78
-  parietale 7 -8 , 18-19
-  verm is 2 4 8 -2 4 9 , 252 -2 5 3  
Tuberculum
-  anterius tha lam i 247
-  articulare (Os tem pora le) 1 5 ,3 2 -3 3 ,3 7 -3 9 ,

44, 76, 139
-  caroticum  168 ,210
-  cornicu la tum  175-176, 179, 187-188
-  cuneatum  246-247, 292
-  cune ifo rm e 175-176, 179, 186-188
-  den tis  70
-  ep ig lo tticum  186
-  gracile 246-247, 292
-  jugulare 31
-  m enta le  34, 85
-  o lfactorium  296
-  pharyngeum  14
-  sellae 12, 31
-  thyro ideum
-  -  inferius 180
------superius 180
Tuberositas
-  m asseterica 34, 36
-  pterygoidea 3 4 -3 6
Tufted cells, o lfac to ric  nerve 297 
Tum our cachexia, BICHAT's fa t pad 42 
Tunica
-  conjunctiva
-  -  bulb i 104, 125
------palpebrarum  104, 106
-  mucosa 
 linguae 83

368



Index

T u n i c a  m u c o s a

-  -  oris 69, 8 6 -8 7  
 tuba auditivae 150
Tym panic am orphous substance, organ of 

CORTI 156 
Tym panic cav ity  138, 144, 146-147
-  deve lopm ent 136
-  lateral w all 146
-  levels 143
-  m edial w all 145
-  recessus 141
-  topography 144
Tym panic m em brane (M em brana tym pa- 

nica) 138, 141
-  deve lopm ent 136
-  perfo ra tion , O titis  media 144
-  quadrant schem e 141

u
Ultrasound image
-  eye 130
-  thyro id  gland 195
U m bo m em branae tym pan icae 141,144 
U nconscious propriception  338 
Uncus 2 3 3 -2 3 4 , 236, 238, 261, 2 87 -288 ,

296
UNTERBERGER's stepp ing  te s t, ve rtigo  158 
Upper dental arch 69, 91, 9 3 -9 4
-  opening o f the  excretory duct 92 
Upper eyelid 106
-  ectrop ion ised 104 
Upper ja w  6, 23, 75
-  c le ft fo rm a tions  80
-  deciduous tee th  74
-  dental alveoli 23
-  dental arch 69, 74
-  in filtra tive  anaesthesia 77
-  m ilk tee th  74
-  panoram ic radiograph 76
-  perm anent tee th  74
-  w isd o m  tee th  75
Upper lateral cartilage, nose 58 
Upper m olar too th , f irs t perm anent 70 
Upper thoracic aperture
-  prevertebra l and paravertebral s tru c tu 

res 210
-  vessels and nerves 205 
Upper tracheotom y 166
U triculus 134, 137, 148, 154, 157, 312 
Uvula 89
-  b ifida 82
-  palatina 68, 80
-  ve rm is 2 4 8 -2 4 9 , 252 -253

V

Vagina
-  bulbi (TENON'S capsule) 123
-  carotica 169-170
-  externa
------(Anulus tend ineus com m unis) 115
-  -  nervi op tic i 114, 123, 125
-  interna (Anulus tendineus com m unis)

115
-  processus sty lo ide i 33 
Vallecula
-  cerebelli 249
-  epig lo ttica  81, 189 
Vas(-a)
-  lym phatica superficia lia , head/neck regi

on 206
-  sanguinea retinae 129
-  spirale 156
Vein o f LABBE (V. anastom otica inferior) 218, 

224 -2 2 5  
Velum
-  medulläre
-  -  inferius 246, 2 4 9 -2 5 0 , 292
-  -  superius 241, 2 4 6 -2 5 0 , 280, 292
-  palatinum  68, 76, 80, 82

Vena(-ae)
-  alveolaris
------in ferio r 63, 76
------superio r anterio r 76
----------poste rio r 76, 79
-  anastom otica
------in ferio r (LABBE's vein) 224 -2 2 5
------superio r (TR O LAR D's vein) 225
-  angularis 53, 107, 116, 218
-  anterior septi pellucid i 2 7 2 -2 7 3 ,2 7 7 ,2 8 4
-  aqueductus
------cochleae 155
------vestibu li 155
-  auricularis poste rio r 196-198
-  axillaris 201, 204
-  basalis (ROSENTHAL'S vein) 218, 240, 273
-  brachiocephalica 57, 168, 179, 200-201,

205, 209 -210
-  cava superio r 168, 179, 205, 209 
 venous tr ib u ta ry  205
-  centra lis retinae 63, 126 
 th rom bosis  124
-  cephalica 201, 2 04 -2 0 5
-  cerebri 272
-  cervicalis
------profunda 53, 209 -2 1 0
-  -  superfic ia lis  204
-  choroidea
------in ferio r 273
------superio r 273
-  ciliaris anterior 126
-  com itans nervi hypoglossi 53, 95
-  conjunctivalis anterior 126
-  dip lo icae 219
------fron ta les 53, 219
------occip ita les 53, 219
-  -  tem pora les
-  —  anteriores 53, 219
-  —  posterio res 219
-  dorsalis linguae 89
-  emissaria(-ae) 76
------condylaris 218
------fron ta lis  218
-  -  m astoidea 53, 218
-  -  occip ita lis  218
-  -  parieta lis 5 3 ,2 1 8 -2 1 9
-  -  passage th rough the  skull 218 
 spread o f germ s 218
-  episcleralis 126
-  e thm oidalis
------anterio r 67
------poste rio r 67
-  facialis 4 7 -4 8 , 50, 53, 63, 76, 79, 90, 93,

116, 197-199, 2 0 4 -2 0 5 , 208, 218
-  fron ta les (Vv. superiores cerebri) 225
-  inferiores cerebri 240
-  infraorb ita lis  76, 79, 116, 124
-  infratroch learis 107
-  interna cerebri 2 1 8 ,2 4 0 ,2 6 3 -2 6 4 ,2 7 3 ,

2 7 9 -2 8 0 , 284
-  jugularis
-  -  anterio r 166, 192, 197, 2 0 4 -2 0 5
-  -  externa 4 6 -4 7 , 53, 76, 93, 171, 196-201,

2 0 4 -2 0 5 , 208
-  -  interna 43, 53, 5 6 -5 7 , 76, 89, 166, 169,

178, 192, 198-201, 2 0 4 -2 0 8 , 210, 218, 
322

-  labialis
-  -  in ferio r 53, 67 
 superio r 53, 67
-  labyrinth i 155
-  laryngea superio r 87, 95, 173, 179, 190
-  lateralis ventricu li lateralis 273
-  lingualis 63, 8 8 -8 9 , 194
-  lum balis 330
-  magna cerebri (GALEN's vein) 131,218,

222, 248, 259, 2 6 3 -2 6 4 , 269, 2 72 -2 7 3 , 280, 
285, 292

-  m axillaris 50, 53, 76
-  m edia
-  -  profunda cerebri 240, 273
------superfic ia lis  cerebri 225, 240, 277
-  m eningea media 220, 224

V e n a ( - a e )

-  nasalis 67
-  nasofrontalis 53, 116
-  occip ita lis  53, 196-198, 2 0 4 -2 0 5 , 218, 225
-  ophthalm ica
-  -  in ferio r 115-116, 218
-  -  superio r 115-116, 124, 218, 224, 268
-  palatina descendens 79
-  parieta les 2 2 5 -2 2 6 , 240
-  pharyngeae 53, 178
-  profunda(-ae)
-  -  cerebri 273
-  -  facie i 50
-  -  linguae 89
-  retrom andibu laris 48 , 50, 53, 76, 197-200, 

2 0 4 -2 0 5 , 218
-  scalae
-  -  tym pan i 155 
 vestibu li 155
-  sphenopalatina 67, 79
-  spinalis
-  -  anterio r 330 
 poste rio r 330
-  subclavia 57, 166, 168, 179, 199, 205, 210
-  sublingualis 8 8 -8 9 , 93, 95
-  subm enta lis 48, 50, 53, 93, 199, 204
-  superiores cerebri 218, 222, 2 2 5 -2 2 6 , 240
-  supraorbitalis 107, 116
-  supratroch learis 53, 107, 116
-  tem pora lis
------media 48 , 50
------superfic ia lis  50, 53, 107
-  tha lam ostria ta  282
-  -  superio r 218, 240, 2 61 -264 , 272-273,

2 7 9 -2 8 0 , 2 8 3 -2 8 4 , 288
-  thoracica interna 205, 209 -2 1 0
-  thoracoacrom ia lis 204
-  thoracoep igastricae 201
-  thym icae 205
-  thyroidea
-  -  in ferio r 1 9 4 ,2 0 1 ,2 0 4 -2 0 5  
 media 194, 205
-  -  superio r 53, 93, 175-176, 194, 199, 201,

2 04 -2 0 5
-  transversa colli 47, 197, 2 0 4 -2 0 5
-  vertebra lis 192, 209 -210
-  vestibu läres 155
-  vorticosa 116, 126 
Venter
-  anterio r (M . d igastricus) 4 2 -4 3 , 5 6 -5 7 , 63, 

8 4 -8 5 , 9 3 -9 5 , 164, 166-167, 171, 173,
1 98 -200 , 2 0 4 -2 0 6 , 208

-  fron ta lis  (M . occip ito fron ta lis) 4 0 -4 3 , 105, 
307

-  in ferio r (M . om ohyoideus) 56, 166-167, 171,
197-200, 202, 204, 206, 322

-  occip ita lis  (M . occip ito fron ta lis) 4 1 -4 3 , 196,
307

-  poste rio r (M . d igastricus) 43, 8 4 -8 5 , 93,
147, 164, 166-167, 171-174, 178, 199, 3 0 7 -
308

-  superio r (M . om ohyoideus) 56, 95, 164, 167,
171, 198-199, 202, 206, 322

Ventriculus(-i)
-  encephali 2 58 -2 5 9
-  laryngis (M ORGAG NI's ventricle) 8 3 ,1 8 6 -  

188, 190-191
-  lateralis 230, 2 3 9 -2 4 0 , 242, 247, 257, 259,

2 61 -264 , 272, 2 74 -280 , 2 82 -2 8 9 , 293
-  quartus 228, 248, 250, 252, 2 5 8 -2 5 9 , 269,

275, 280, 288, 292
-  te rtiu s  228, 240-241, 247, 2 57 -259 , 2 6 3 -

264, 269, 2 74 -276 , 2 78 -2 7 9 , 2 8 4 -2 8 5 , 287, 
292

-  -  m argins 264
-  -  Plexus choro ideus 263 
Venula
-  m acularis
-  -  in ferio r 129 
 superio r 129
-  m edialis retinae 129
-  nasalis retinae 129



V e n u l a  n a s a l i s  r e t i n a e

-  -  in ferio r 129
-  -  superio r 129
-  tem pora lis  retinae
-  -  in ferio r 129
-  -  superio r 129
Verm is cerebelli 245, 2 47 -248 , 2 51 -253 , 260,

2 62 -2 6 3 , 2 74 -275 , 280, 2 8 5 -2 8 8 , 292, 338 
Vertebral canal
-  MRI 333
-  position  o f the  spinal cord 330
-  w ith  spinal cord 333
-  veins 330
-  w ith  opened dural sac 327 
Vertebralis tr ib u ta ry  266
-  cerebral ischaemia, WALLENBERG'S syn

drom e 266
Vertex 8
-  corneae 125 
V ertigo 158
-  ROMBERG'S te s t 158
-  UNTERBERGER's stepp ing  te s t 158 
Vesica urinaria, innervation 341 
Vestibular 69
Vestibular labyrinth (Labyrinthus vestibu la 

ris) 138, 154, 160 
Vestibular organ 134,251

Vestibular schwannom a 152 ,313
-  cerebe llopontine  angle 313 
Vestibulocerebe llum  2 50 -2 5 3
-  lesions, im paired balance 253 
Vestibulum
-  labyrinth i 153, 155
-  laryngis 186, 188, 191
-  nasi 60
-  oris 68, 8 2 -8 3  
Vibrissae 68
V ID IAN  canal (Canalis pterygoideus) 2 9 -3 0 , 78 
V ID IAN  nerve (N. canalis pterygoideus) 77, 79, 

109, 148, 302, 307, 309 
V isceral nerve plexus 326 
V isceral pain 326 
V iscerocranium  28
-  oss ifica tion  m ode 20 
Visual axis 114
Visual fie ld  1 5 8 ,2 3 7 ,2 9 9
-  s tab ilisation 158 
Visual pathw ay 132, 299
-  b lood supply 131 
V itrec tom y 124 
V itreous body 101 
Vocal cord nodules 187 
Vocal fo lds  190
-  a lterations 184

V o c a l  f o l d s

-  b iom echanics 184
-  fine-tun ing  185 
Vocal ligam ents 183, 188
Vom er 5 -6 , 10, 14, 20, 24, 28, 36, 59

w
W ALD EYER's tonsilla r ring (pharyngeal lym 

phoid ring) 89, 176 
WALLENBERG'S syndrom e
-  cerebral ischaem ia in the vertebra lis tr ib u ta 

ry 266
W ERNICKE's centre  (sensory speech cen

tre) 1 59 ,237  
W hispering  triang le  185 
W isdom  too th , upper ja w  75

z
ZENKER's d ive rticu lum  172 
Z IN N 's anulus (Anulus tend ineus com m u

nis) 112, 114-115 
Zonula ciliaris 125, 127 
Zoster ophtha lm icus 306
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