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D e p a rtm e n t o f  A n a to m y , F acu lty  o f  M e d ic in e , H a c e tte p e  U niversity , A n kara , Turkey.

The ce reb ra l he m isp h e re s  a re  su b d iv id e d  into a 
num ber o f lobes by su lc i and  fissu res . The  m ost 
s trik ing  su lc i on the  co n ve x  su rfa ce  o f the  bra in  
are the  la te ra l su lcus  and  th e  cen tra l su lcus . The 
cen tra l su lcus  (o f R o lando) is a dee p  and usua lly  
con tinuous  fu rro w  runn ing  d o w n w a rd  and s ligh tly  
fo rw a rd  from  the  m idd le  o f th e  su p e rio r bo rd e r of 
the  hem isphe re  to the  la te ra l su lcu s  w ith o u t qu ite  
re a ch in g  th e  la tte r. T h e  s u lc u s  s h o w s  tw o  
knee like  bends and  usua lly  inc ises  the  su p e rio r 
bo rde r to  reach  the  m ed ia l su rface . T he  ve rtica l 
p recen tra l su lcus  runs  pa ra lle l to  the  cen tra l 
su lcu s  and  it is s o m e tim e s  b ro ke n  up in to  
supe rio r and in fe rio r se g m e n ts . T he  pos tcen tra l 
su lcus is a lso  usua lly  b roken  up in to  su p e rio r and 
in fe rio r se gm en ts  and runs pa ra lle l to  the  cen tra l 
su lcus  (1).

C e rebra l co n vo lu tio n s  a p p e a r in m an in the  fifth  
fe ta l m onth  and  co n tin u e  th e ir d e ve lo p m e n t upto  
the  firs t pos tna ta l yea r. The  firs t co n vo lu tio n s  to 
appear, the  p rim a ry  ones  (such as the  cen tra l 
and ca lca rin e  fis su re s ) and  s e co n d a ry  ones 
(such  a s  the  p a r ie to -o c c ip ita l s u lc u s ) a re  
re la tive ly  co n s ta n t in th e ir loca tion , co n figu ra tion  
and re la tionsh ip  to co rtica l a rch ite c to n ic  fie lds . 
T he  cen tra l, p re ce n tra l and  p o s tce n tra l su lc i 
appear, each  in tw o  pa rts , up p e r and  low er, 
w h ich  u s u a lly  c o a le s c e  s h o rt ly  a fte rw a rd s  
a lthough  th e y  m ay rem a in  d isco n tin u o u s  (2-4).

T he  bra in  is an unusua l o rgan  in th a t m any o f its 
m ost im p o rta n t fu n c tio n a l ce n te rs  a re  loca ted  on 
its su rface . It has been  m apped  and  d iv id e d  in to 
a  nu m b e r o f d is tin c tive  a re a s  th a t d iffe r from  each 
o ther. Im po rtan t fu n c tio n a l ce n te rs  o f the  body, 
like  m otion , se n sa tio n , hea ring , v isu a liz in g  and 
sp e a k ing  a re  loca ted  on ce rta in  gyri o f the  co rtex . 
T hese  ce n te rs  a re  in c lose  re la tion  w ith  the  su lc i 
o f the  bra in . N e u ro su rg e o n s  w ho  a re  p re p a rin g  to 
resec t a les ion  w o u ld  like  to have  a n o n inva s ive  
m eans of assess ing  its loca tion  re la tive  to th e se  
critica l a reas  (5).

It is ve ry  im p o rta n t to know  the  su rfa ce  a na tom y 
o f the bra in  fo r seve ra l reasons . F irst, a lthough  
the  b o u n d a rie s  o f m a c ro a n a to m ic  a reas  do  not 
n e ce ssa rily  co rre sp o nd  e xa c tly  w ith  fu n c tio n a l 
a re a s , h ig h -q u a lity  b ra in  im a g e s  can  a id  in 
p lann ing  su rg ica l p ro ce d u re s  and, pa rticu la rly , in 
e s tab lish ing  op tim a l su rg ica l a p p ro a ch e s  so  tha t 
fu n c tio n a l d is ru p tio n s  a re  m in im ized . S econd , it 
has been  su g g e s te d  th a t a b no rm a l va ria tio n s  in 
s izes  and  sh a p e s  o f pa rts  o f the  b ra in  are 
a s s o c ia te d  w ith  a n u m b e r o f fu n c tio n a l 
im pa irm en ts , such  as dys le x ia , D ow n synd rom e , 
d e m e n tia  o f d e p re s s io n , h u m a n  
im m u n o d e fic ie n cy  v iru s  re la ted  d e m e n tia , m an ia , 
sch izo p h re n ia  and  H u n tin g to n ’s d ise a se . The 
su lc i a re  used fo r the  lo ca liza tio n  o f va rio u s  
p a th o lo g ie s  d e e p  to  th e  c o rte x . P re c is e
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loca liza tion  o f th e se  su lc i can aid in loca lisa tion  
o f le s io n s  and  c o rre la t io n  w ith  fu n c tio n a l 
changes : W ith  the  a d ve n t o f m odern  techn iques, 
n o n -in va s ive  v is u liz a tio n  and  id e n tifica tio n  of 
c o rt ic a l s tru c tu re s  h a ve  b e co m e  p o ss ib le . 
A n a to m ic  im a g in g , su ch  as co m p u te d  
to m o g ra p h y  (C T ) a n d  m a g n e tic  re so n a n ce  
im ag ing  (M R I) have g re a tly  e nhanced  the ab ility  
of a neu ro su rg e o n  to d e te c t and sa fe ly  resect 
in trac ran ia l les ions. It is g e n e ra lly  accep ted  tha t 
the  m ino r su lc i and gyri show  la rge  va ria tions  
from  one  bra in  to a n o th e r b u t tha t the  m ajor 
fissu re s  (cen tra l, la te ra l su lc i) do  not. So tha t the 
a na tom y and  the  lo ca lisa tio n  o f the  m a jo r sulci 
are  im p o rta n t fo r the  n e u ro su rg e o n s  in loca lis ing  
the  tu m o u rs  (6 -25).

Loca lis ing  the  cen tra l su lcu s  and consequen tly  
the  p o s tcen tra l and p re ce n tra l su lc i is one of the 
p ro b le m s e n co u n te re d  by rad io log is ts  w ho try  to 
de te rm in e  the  th re e -d im e n s io n a l loca tion  of brain 
les ions. W hen the  b ra in  is he ld  in both hands and 
ro ta ted  it is easy  to fo llow  the  cen tra l su lcus 
s ta rting  from  the  sm a ll p a ram ed ian  notch of the 
p a ra cen tra l lobu le . H ow ever, find ing  th is  su lcus 
on sag itta l a n a to m ica l se c tio n s  is m uch m ore 
d iff ic u lt and  in m a n y  c a se s  it can  on ly  be 
iden tified  on each  sec tion  a fte r reconstruc tion  of 
the  bra in . In ce rta in  cases  su rgeons  canno t 
lo c a lis e  th e  p a th o lo g y  eve n  th o u g h  the  
ra d io lo g is ts  have  w e ll m a rked  the  lesion by MRI.

T he  nu m e ro us  m o rp h o lo g ica l va ria tio n s  of the 
cen tra l su lcus  have  been de sc rib e d  in R etzius ' 
c lass ica l tre a tise  o f a n a to m y  pub lished  in 1896. 
T h e y  a re  a lso  n o tic e a b le  w h e n  the  tw o  
he m isp h e re s  o f the  sam e  bra in  are com pared
(26).

S eve ra l a n a to m ic  and  ra d io log ica l exam ina tions  
o f iden tify ing  the  su lc i have  been deve loped  and 
m any va ria tio n s  a cco rd ing  to  these  sulc i have 
been found . C u n n in g h a m  in 1892 m en tioned  tha t 
in a p p ro x im a te ly  60 p e rce n t of the  bra ins the 
uppe r end  o f the  ce n tra l su lcus  reached  o ve r the 
d o rsa l m a rg in  to th e  m ed ia l su rfa ce  o f the  
hem isphe re . In 24  p e rce n t o f the  cases  it ju s t 
reached  the  top  m arg in  of the  hem isphe re  and in 
the  rem a in ing  19 p e rce n t the  su lcus  fe ll short of 
the top  m arg in . In a p p ro x im a te ly  19 pe rcen t of 
the b ra ins  in th is  sam e  se ries  the  cen tra l su lcus 
show ed  a sh a llo w  co n n e c tio n  w ith  the  la tera l 
su lcus . In a d d ition  to sup p o rtin g  C unn ingham 's

obse rva tions  M ick le  a lso no ted tha t the  centra l 
su lcu s  m ay be p o s itio n e d  m ore  fo rw a rd  or 
backw ard  and m ay a lso va rious ly  connec t to 
o the r su lc i in the  fron ta l and parie ta l lobes (27). 
D uring our exam ina tions  d iffe re n t loca lisa tions  of 
the centra l su lcus w as de te rm ined  in ou r s tudy 
g roups (12% ). As M ick le  m en tioned  the  centra l 
su lcus w as connecting  w ith  the  p recen tra l su lcus 
(0.1% ) and w ith the supe rio r fron ta l su lcus  (3 .4% ) 
in som e o f o u r cases . C o n n ec tio n  o f the 
precen tra l su lcus w ith  the  cen tra l su lcus w as 
found on ly in one case  b ila te ra lly .

In the  la s t ce n tu ry  B is c h o ff and  R e tz ius  
p u b lish e d  m e ticu lo u s  in v e s tig a tio n s  on the  
typ ica l co u rse , the  va ria tio n  and  e m b ryo n ic  
m orphogenes is  of hum an cerebra l su lc i. T hey 
co n c lu d e d  th a t su lc i w h ich  a p p e a r ea rly  in 
em bryo log ica l d e ve lop m e n t becom e  the  less 
va riab le  and d eepes t su lc i in the adult. Sulci 
w h ich  becom e obv ious  a fte r the  8 th m onth of 
gesta tion  show  cons ide rab le  va ria tions  both in 
the ir b ranch ing  pa tte rn  and pos ition . The sulci 
appearing  firs t are  ca lled  p rinc ip le  sulci. The 
la tera l su lcus, the  cen tra l su lcus  and its para lle ls  
and in add ition  the  supe rio r tem pora l su lcus 
be long to th is  ca tego ry  (28).

L eM ay e t a l. m e n tio n e d  th a t fu n c tio n a l 
d iffe rences  o f the  ce reb ra l he m isp h e re s  are 
great, thus, a rte riog raphy  o ffe rs  a m ethod of 
s tudy ing  ana tom ic  hem isphe ric  d iffe rences  (29). 
K ido et al. m arked  the su p e rio r fron ta l, p recen tra l 
and centra l su lc i o f fixed  bra in  spec im ens and 
then  sca n n e d  th e  b ra in s  by co m p u te d  
tom ography. A co n s ta n t re la tionsh ip  be tw een the 
p o s te r io r ends  o f the  s u p e r io r  fro n ta l and 
p recen tra l su lc i fac ilita ted  accu ra te  iden tifica tion  
of the an te rio r bo rde r o f the  p recen tra l gyrus. 
They sta ted  tha t p rec ise  loca lisa tion  of th is  gyrus 
can aid in loca lisa tion  of les ions and co rre la tion  
w ith  func tiona l changes (30). The frequency  of 
the  connection  of the  p os te rio r ends of the 
su p e rio r fron ta l su lcus  and the  p recen tra l su lcus 
w as found  as 67 .4%  in ou r series.

In B e rg e r's  re p o rt b ra in  m a p s  d e rive d  
in traope ra tive ly  from  pa tien ts  unde rgo ing  tum ou r 
resection  w ere  co rre la ted  re trospe tive ly  w ith  MR 
im ages, w ith respect to the  p rec ise  loca lisa tion  of 
the m o to r co rtex, in an a ttem p t to iden tify  usefu l 
p re o p e ra tiv e  M R  im a g in g  la n d m a rk s  th a t 
co rre sp o n d  to fu n c tio n a l b ra in  re g io n s . T he
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cen tra l su lcus  and  the  p re ce n tra l gyrus  w ere  
accu ra te ly  iden tified  in all ca se s  by loca lis ing  the 
pa ir o f cen tra l su lc i seen  on h igh ve rte x  axia l 
im ages, even though  p a ra sa g itta l and  fa r-la te ra l 
sag itta l p lanes  w e re  less like ly  to  loca lise  the  
cen tra l su lcus  (31). W e a lso  used the  vertex 
sec tions  du ring  lo ca lis in g  the  su lc i o f the  cases 
as th is  m ethod  w as  the  m ost e ffec tive  and the 
eas iest one.

Iw asak i e t al. i llu s tra te d  a new  m e th o d  fo r 
iden tify ing  the  pre- and  p o s tcen tra l gyri on C T  
and M R im ages of the  b ra in , on  the  bas is  o f the  
pa tte rn  o f the  m edu lla ry  b ra n ch e s  o f the  ce reb ra l 
w h ite  m a tte r. T h e y  s ta te d  th a t the  m o s t 
co m m o n ly  used  m e th o d  to id e n tify  th e  gyri 
depends  on re cogn ition  o f the  cen tra l su lcus  by 
su rface  a rra n g em e n t o f the  su lc i. S ince  MR 
im ag ing  dep ic ts  the  m edu lla ry  b ra n ch e s  m ore  
c lea rly  than  does  C T, th is  new  m e thod  shou ld  
fac ilita te  id e n tifica tio n  o f the  gyri w ith  e ithe r 
m od ility  (32).

Falk et al. d e sc ribed  a m e thod  fo r o b ta in ing  c lea r 
3D  M R im ages o f the  co rtica l su rfa ce  of the  bra in  
in liv ing  hum an sub jec ts . By co m b in in g  vo lum e  
co m p o s ite  and  d e p th  e n c o d e d  im a g e s  th e y  
ob ta ined  su rfa ce  co o rd in a te  d a ta  th a t resu lted  in 
h ig h ly  re p e a ta b le  m e a s u re m e n ts  o f su lca l 
leng ths and co rtica l su rface  a reas  in norm a l adu lt 
vo lun tee rs . The s tudy  ind ica ted  th a t the  la te ra l 
end o f the  cen tra l su lcu s  w as  in a m ore  rostra l 
position  on the  le ft s ide  in hum ans. B u t the re  
w ere  no s ig n if ic a n t d iffe re n ce s  in the  leng ths  of 
the  righ t and le ft cen tra l su lc i. In K ido 's  repo rt it 
w as m en tioned  th a t the  m ed ia l end  o f the  cen tra l 
su lcus  w as loca ted  m ore  ros tra lly  on the  righ t 
s ide in hum an b ra ins , how ever, th e y  did not 
report on th e  la te ra l end  o f the  cen tra l su lcus
(33).

In N a id ich 's  rev iew , he s ta ted  th a t M R  im ag ing  
d isp lays  all the  g ro ss  a n a to m y  o f the  bra in . He 
c lass ified  the  m a jo r a n a to m ic  fe a tu re s  o f the  low- 
m id  c o n v e x ity . He m e n tio n e d  th a t m u ltip le  
s tud ies in p a tien ts  and in a n a tom ica l m a te ria l 
have  sh o w n  th a t th e re  a re  re p ro d u c ib le  
asym m etries  in the  su rfa ce  fe a tu re s  o f the  tw o 
hem isphe res  w h ich  a p p e a r to  be re la ted  to the 
s ide  o f ce reb ra l fu n c tio n a l d o m inance . T he re  has 
been a rev iva l o f in te re s t in ce reb ra l a sym m e trie s  
during  the  pas t few  yea rs  s ince  G e sch w in d  and 
Levitsky, in 1968 and  th e se  a sym m e trie s  have

been s tud ied  fo r a long tim e  by m a n y  a u tho rs  
(34-37).

V a n n ie r  e t a l. te s te d  th e  re p e a ta b il ity  and  
accu ra cy  of b ra in  su rface  co rtica l su lca l leng ths  
m e a su re m e n ts  o b ta in e d  w ith  3D  re co n s tru c tio n s  
o f vo lum e tric , g ra d ie n t-e ch o  M R im ages. The 
cen tra l su lcus  w as  m ea su re d  from  its beg inn ing  
(n e a r th e  s u p e r io r  m e d ia l b o rd e r o f the  
hem isphe re ) to its end  (w h ich  is se p a ra te d  from  
the  la te ra l su lcus  by the  a rched  gyrus). A t the  
end he m en tioned  th a t an e xp a n d e d  s tu d y  w as 
requ ired  to  co n firm  his resu lts  (17).

G re itz , de ve lop e d  an a d ju s ta b le  co m p u te rised  
a tlas  o f the  hum an  b ra in  su rfa ce  w h ich  can  be 
adap ted  to fit ind iv idua l ana tom y. It is p rim a rily  
in tended  fo r pos itron  e m iss io n  to m o g ra p h y  (P E T) 
bu t m ay a lso  be used fo r s ing le  pho ton  em iss ion  
c o m p u te r is e d  to m o g ra p h y , tra n s m is s io n  
co m p u te rised  to m o g ra p h y , m a g n e tic  reso n a n ce  
im ag ing  and n e u ro im a g in g -b a se d  p ro cedu res , 
such  as s te re o ta c tic  su rg e ry  and  rad io th e ra p y  
(38).

S obe l et al. p u rposed  to  co m p a re  M R a n a to m ic  
and m a g n e to e n ce p h a lo g ra p h ic  (M E G ) fu n c tio n a l 
m e thods in loca ting  cen tra l su lcu s  and  as a 
co n c lu s io n  th e y  m en tio n e d  th a t M R  a n a to m ic  
te c h n iq u e s  ca n  u s u a lly  id e n tify  th e  c e n tra l 
s u lc u s , b u t in th e  p re s e n c e  o f a n a to m ic  
d is to rt io n , the  M E G  fu n c tio n a l m e th o d  adds  
s ig n ifica n t in fo rm a tion  (39).

G a llen  et al. s tu d ie d  the  va lid ity  o f m a gne tic  
s o u rc e  im a g in g  (M S I). L o c a lis a tio n s  w e re  
c o n firm e d  in tra o p e ra t iv e ly  by d ire c t c o rt ic a l 
reco rd ing  of s o m a to se n so ry  e vo ke d  po te n tia ls  
a n d /o r  d ire c t m o to r s tim u la tio n . C o m p le te  
a g re e m e n t w a s  fo u n d  b e tw e e n  M S I and  
in tra o p e ra tive  m a pp ing  in loca ting  the  cen tra l 
su lcus  (40).

A cco rd in g  to Y a sa rg il's  report, su rg ica lly  re levan t 
d e s c r ip tio n s  o f th e  s u lc a l a n a to m y  a n d  its 
a sso c ia te d  va scu la rity  have  until re ce n tly  been 
lack ing . He m en tio n e d  th a t a cco rd in g  to O no 's  
c lass ifica tio n , ce n tra l su lcu s  w as  found  to  be 
u n in te rru p te d  in 9 2 %  o f the  ca se s  and  the  
p o s tcen tra l su lcus  w a s  fo u n d  to be un in te rrup te d  
in 46%  o f the  cases . T he  p re ce n tra l su lcus  
w as  an in te rrup ted  su lcu s  in 100%  o f the  cases  
(41).
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B uchne r e t al. s ta ted  th a t su rge ry  o f les ions 
w ith in  o r c lo se  to  the  cen tra l a rea  of the  bra in 
a lw ays  ca rr ies  the  risk o f ia trogen ic  m oto r or 
se n so ry  de fic its . In th e se  ca se s  it is im poss ib le  to 
de te rm in e  from  im ages  if a  tu m o u r is loca ted  in 
the  p re - o r pos tce n tra l gyrus , pa rticu la rly  if the 
cen tra l su lcu s  is d isp laced . T hus the  au thors  
used a co m b in a tio n  o f d ipo le  sou rce  ana lys is  of 
sca lp  reco rded  S S E P  (som a to se n so ry  evoked 
po ten tia ls ) w ith  3D  M R im ag ing  as a tool fo r 
p re o p e ra tive  lo ca lisa tio n  o f the  cen tra l su lcus 
(42).

N a id ich  e t a l. s tu d ie d  50  n o rm a l hum an  
h e m is p h e re s  p re p a re d  by s tr ip p in g  su rfa ce  
v e s s e ls  and  p ia -a ra c h n o id  to  e x p o s e  the  
co n to u rs  o f the  gyri and  su lc i. T he  use o f the 
a n a to m ic  re la tio n sh ip s  fo r im ag ing  d iagnos is  w as 
d o cu m e n te d  in sag itta l M R  im ages of the  full 
w id th  o f the  b ra in  o b ta in e d  from  50 m ale and 50 
fe m a le  p a tie n ts . A n a ly s is  o f the  a n a to m ic  
sec tions  and  sag itta l M R im ages revea led  a 
typ ica l co n fig u ra tio n  o f su lc i th a t appears to 
re p re se n t the  co m m o n  pa tte rn  o r a rche type . 
T hey found  th a t the  p recen tra l su lcus  separa ted  
the  p recen tra l g y ru s  from  the  supe rio r, m idd le  
and  in fe rio r fron ta l gyri a n te rio r to it, excep t 
w he re  the  m idd le  fron ta l gyrus  fuses  w ith the 
a n te rio r su rfa ce  o f the  p recen tra l gyrus. The 
cen tra l su lcu s  cou rse d  p o s te rio r ly  and supe rio rly  
to  de fine  the  p o s te r io r su rfa ce  o f the precen tra l 
gyrus  and the  a n te rio r su rfa ce  of the  postcen tra l 
gyrus . The cen tra l su lcu s  d id  no t un ite  w ith  the 
la te ra l su lcus . Ins tead  in m os t cases  the low er 
end o f the  CS w a s  c losed  and  sea led  aw ay from  
the  la te ra l su lcus  by th e  fus ion  of the  low er ends 
o f the  p re ce n tra l g y ru s  and  pos tcen tra l gyrus 
unde r the  cen tra l su lcus . T he  pos tcen tra l su lcus 
m ay a p p e a r as one  long co n tin u o u s  su lcus, as 
tw o  d is c o n tin u o u s  s e g m e n ts  d e s ig n a te d  the  
s u p e r io r  p o s tc e n tra l s u lc u s  and  the  in fe rio r 
p o s tc e n tra l s u lc u s , o r as  m u ltip le  sm a ll 
segm en ts . A cco rd in g  to N a id ich  fu rth e r w o rk  is 
re q u ire d  to  e s ta b lis h  th e  tru e  v a lid ity  and 
re liab ility  o f lo ca lisa tio n  of the  su lc i (43).

A cco rd ing  to S an d o r's  repo rt m a jo r su lc i like 
cen tra l su lcus  are critica l landm arks  s ince they 
de fine  the  b o u n d a rie s  o f lobes and serve  as 
ro u g h  in d ic a to rs  o f fu n c tio n a l a re a s  o f the  
ce reb ra l co rtex . In norm a l b ra ins  these  sulc i have 
th e  fo llo w in g  fe a tu re s : 1- th e y  o c c u r in 
ap p ro x im a te ly  the  sam e loca tion  and o rien ta tion

on d iffe ren t sub jec ts ; 2- they  run long d is tances 
a c ro ss  the  b ra in  su rfa ce  w ith o u t be ing  
in te rrup ted  by seconda ry  co rtica l fo lds; 3- they 
are the  deepest fea tu res  on the  cortex. A lthough 
they can have qu ite  com p lex  shapes these  sulci 
are am ong the  m ost cons tan t fea tu res  on the 
bra in  surface (44).

In 1998 Y o s h iu ra  e t al. lo ca lise d  the  
cha racte ris tic  s igna l in tens ity  and com pared  it 
w ith the  location o f the  ana to m ica lly  de te rm ined  
se n so rim o to r co rtex  in norm al and d iseased  
bra ins. The senso rim o to r co rtex  w as loca ted by 
iden tify ing  the centra l su lcus. As a resu lt the 
pe riro land ic  low  s igna l in tens ity  seen on MR 
im a g e s  is lo ca te d  e x a c tly  in th e  a n a to m ic  
senso rim o to r co rtex in norm al bra ins w he reas  a 
m ism atch can occu r in abno rm al b ra ins (45).

P reopera tive ly  loca lisa tion  of the  sulc i is very 
im portan t. D uring su rg ica l app roach  to deep 
reg ions in the co rtex  the  su rgeons w ork  on very 
sm all a reas so the risk o f dam age  to cerebra l 
co rte x  is h igh ly  p re se n t. S e ve ra l a n a to m ic  
m ethods have been iden tified  fo r loca lisa tion  of 
the centra l su lcus s ince 1800s but acco rd ing  to 
a ll the  a u th o rs  s tu d y in g  th is  fie ld  fu r th e r 
investia tions are requ ired.
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