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Abstract: The  radiological  interpretation  and  significance  of  changes  in  the  sella  turcica  are  dependent  

on  an  knowledge  of  the  normal  anatomy  and  pathology  of  this  structure.  Clincians  should  recognize  

variations  in  the  anatomical  structures  found  on  cephalometric  films  so  as  to  exclude  any  pathological  

changes, even  before  these  become  clinically  apparent.  The  pituitary  gland  occupies  the  sella  turcica  

and  it  is considered  to  be  a  site  for  brain  tumours.  Sellas  of  unusual  size,  shape  and/or  with  a  poorly  

defined  outline  may  indicate  pituitary  problems  and  may  be  associated  with  some  types  of  craniofacial  

malformation  and  various  syndromes. 
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I. Introduction 
In  orthodontics,  the  sella  turcica  is  a  significant  anatomical  structure  because  the  sella  point,  S,  

one  of  the  most  commonly  used  landmarks  in  cephalometrics,  is  located  at  the  centre  of  the  sella  

turcica  [1].  Since  the  introduction  of  cephalometric  radiography  by  Broadbent  in  1931  the  centre  of  

sella  turcica  has  been  used  in  many  cephalometric  analyses  [2].  This  point  is  relatively  stable  because  

the  morphology  of  sella  turcica  does  not  change  significantly  after  12  years  of  age  [3].  

Sella  turcica  gets  its  name  from  Turkish  language  because  of  its  similarity  to  the  Turkish  

saddle  [4].  On  lateral  radiographs  the  sella  turcica  or  pituitary  fossa  is  the  radiodense  saddle-shaped  

outline  of  the  fossa  extending  between  the  anterior  and  posterior  clinoid  processes.  In  healthy  

individuals  the  surface  area  of  the  sella  turcica  varies  from  18-115 mm
2 

 in  females  and  from  22-122  

mm
2
  in  males.  The  shape  of  sella  turcica  is  usually  oval,  but  round  and  flat  types  can  also  occur  [2].  

This  review  aims  to  expand  our  understanding  of  sellar  area  variations  and  related  any  pathological  

and  syndromic  conditions. 

 

II. Anatomy  and  Embryology 
The  sphenoid  bone  is  located  between  the  frontal,  temporal  and  occipital  bones  in  the  base  of  

the  skull.  It  has  a  central  body,  paired  greater  and  lesser  wings  spreading  laterally  from  it  and  two  

pterygoid  processes,  descending  from  the  junctions  of  the  body  and  greater  wings.  The  body  of  

sphenoid  forms  central  part  of  middle  cranial  fossa  [5].  The  sella  turcica  is  situated  on  the  intracranial  

surface  of  the  body  of  the  sphenoid  bone.  The  anterior  border  of  the  sella  turcica  is  represented  by  

the  tuberculum  sellae  and  the  posterior  border  by  the  dorsum  sellae.  The  pituitary  gland  is  surrounded  

by  the  sella  turcica,  whereas  two  anterior  and  two  posterior  clinoid  processes  project  over  the  pituitary  

fossa.  The  anterior  clinoid  processes  are  formed  by  the  medial  and  anterior  prolongations  of  the  lesser  

wing  of  the  sphenoid  bone,  and  the  posterior  clinoid  processes  by  the  endings  of  the  dorsum  sellae  

[6].  

The  greater  part  of  the  sphenoid  bone  develops  using  the  endochondral  method  of  ossification.  

Until  the  seventh  or  eighth  month  of  foetal  life  the  body  of  the  sphenoid  consists  of  two  parts:  the  

presphenoid  (in  front  of  the  tuberculum  sellae)  and  the  postsphenoid  (comprising  the  sella  turcica  and  

dorsum  sellae).  The  presphenoid  cartilages  will  form  the  anterior  body  of  the  sphenoid  bone.  Portions  

of  the  presphenoid  cartilage  give  rise  to  the  cartilage,  which  forms  the  central  portion  of  the  anterior  

skull  base.  The  postsphenoid  cartilage  encloses  the  pituitary  gland  and  fuses  to  form  the  basisphenoid,  

from  which  the  sella  turcica  and  the  posterior  body  of  the  sphenoid  bone  originate  [7]. 

During  embryological  development,  the  sella  turcica  area  is  a  key  point  for  the  migration  of  

the  neural  crest  cells  to  the  frontonasal  and  maxillary  developmental  fields  [6].  The  pituitary  fossa  

itself  is  situated  within  the  body  of  the  sphenoid  bone  and  differentiates  directly  from  the  hypophyseal  

cartilage  of  the  early  chondrocranium.  The  hypophyseal  cartilage  is  derived  from  cranial  neural  crest  

cells  [8]. 
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Shape  of  sella  turcica 

Variations  in  the  shape  of  sella  turcica  have  long  been  reported  by  many  researchers  [4,9-17].  The  

shape  of  sella  turcica  was  classified  in  to  circular,  oval,  and  flattened  or  saucer-shaped  and  majority  of  

the  subjects  had  either  a  circular  or  oval  shaped  sella  [18,19].  

Gorden  and  Bell  [9]  in  1922  examined  radiographs  of  normal  children  in  between  1  and  12  years  

of  age  and  categorized  sella  turcica  into  three  shapes,  circular,  oval,  flat/saucer  shaped.  Circular  or  oval  

shaped  sella  turcica  were  observed  in  majority  of  subjects,  and  they  arrived  at  a  conclusion  that  not  all  

cases  could  easily  be  put  into  such  a  broad  three-way  classification. 

Axelsson  et  al.  [20]  categorized  the  shape  of  sella  turcica  into  six  main  types:  normal  sella  

turcica,  oblique  anterior  wall,  double  contoured  sella,  irregularity  (notching)  in  the  posterior  part  of  the  

sella,  pyramidal  shape  of  the  dorsum  sellae,  and  sella  turcica  bridge  (Figure 1). In  his  study,  normal  

morphology  was  found  in  71%  of  males  and  65%  of  females.  

 

 
Figure 1.  Different  morphological  variants  of  Sella  Turcica  seen  on  lateral  cephalometric  radiographs  

(a:normal,  b:oblique  anterior  wall,  c:sella  turcica  bridging,  d:double  contour  of  floor,  e:irregular  dorsum  

sella,  f:pyramidal  shape). 

 

Alkofide  [17]  in  2007  stated  that  the  normal  shaped  sella  were  seen  almost  in  67%  (2/3rd)  of  

the  subjects.  Shah  et  al.  [16]  found  that  the  variation  in  the   shape  of  the  sella  was  present  in  34%  of  

the  subjects.  Nagaraj  et  al.  [4]  pointed  that  morphological  variations  in  shape  were  seen  in  53,5%  of   

study  population. 

 

The  morphological  variations  of  sella  turcica  with  greater  severity  are  more  commonly  seen  in  

syndromic  patients  such  as  Down’s  syndrome,  William’s  syndrome,  Seckel  syndrome,  and  Axenfeld-

Rieger  syndrome  [21-24].  An  altered  sella  turcica  morphology  can  be  present  in  patients  with  spina  

bifida  [25].  Two  cases  with  Rieger’s  syndrome  were  reported  by  Koshino  et  al.  [26]  the  sellas  in  both  

cases  were  characterised  by the  ‘J-shaped’  sella  turcica  (Figure 2). 

 

 
Figure 2.  Schema  of  normal  (left)  and  J-shaped  (right)  sella  turcica 

 

Alkofide  [27]  conducted  a  study  to  evaluate  the  morphological  shapes  of  sella  turcica  in  cleft  

lip  and  palate  patients  in  2008,  according  to  the  study  contrary  to  individuals  with  clefts,  in  most  non-

cleft  subjects  the  morphology  of  the  sella  turcica  appears  to  be  normal. 
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Sella  turcica  morphology  has  been  studied  in  a  group  of  children  with  lumbosacral  

myelomeningocele  using  profile  skull  radiographs.  In  all  cases  the  anterior  wall  of  the  sella  turcica  

differed  from  normal  morphology  [28]. 

Additional  pathological  conditions  associated  with  abnormal  development  of  the  sella  turcica  

and  pituitary  gland  are  holoprosencephaly,  Meckel–Gruber  syndrome,  anencephaly,  trisomy  18,  

chondrodystrophy,  hydrocephalus,  fragile  X  syndrome,  Turner  syndrome,  Cri-du-Chat  syndrome,  Arnold  

Chiari  syndrome,  velocardiofacial  syndrome,  Kallmann  syndrome  [29]. 

 

Sella  turcica  bridging 

A  sella  turcica  bridge  is  the  bony  union  that  occasionally  occurs  between  the  anterior  and  

posterior  clinoid  processes  of  the  sphenoid  bone  [2].  The  prevalence  of  a  sella  turcica  bridging  or  

calcification  of  the  interclinoid  ligaments  was  reported  in  the  literature  between  1,1%  [17] - 17,6%  [30].  

This  osseous  structure  has  been  termed  differently  in  the  literature:  interclinoid  taenia  [31],  

interclinoid  bars  [32,33],  interclinoid  osseous  bridge  [34],  sella  turcica  bridge / bridging  [1,30,32,35-37],   

sella  bridge  [38],  roofing / bulging / calcification  of  the  diaphragma  sellae  [12,30,36,37],  calcified / 

ossified  interclinoid  ligament  [31,33,40],  and  bridged  sella  [13,40]. 

Various  possible  causes  of  the  formation  of  a  sella  turcica  bridge  can  be  predicted.  First,  it  must  

be  realized  that  the  radiographic  appearance  of  fusion  may  be  due  to  the  superimposition  of  structures  

and  that  there  is  not  real  bony  fusion  in  all  cases.  Secondly,  a  sella  turcica  bridge  could  be  a  

malformation  from  prenatal  life.  The  entire  cranial  base  is  cartilage-performed  from  about  the  5th  foetal  

week  [25]. Lang  [40]  described  a  sella  turcica  bridge  in  a  newborn  and  in  a  9-year-old  child.  It  has  

been  suggested  that  interclinoid  ligament  is  laid  down  in  cartilage  at  an  early  stage  of  development  

and  then  ossifies  in  very  early  childhood  [31].  According  to  this  theory,  a  sella  turcica  bridge  should  

be  considered  a  deveopmental  anomaly  [30].  Formation  of  the  sellar  bridges  may  result  directly  from  

the  pattern  of  sphenoid  development  or  can  be  dictated  by  the  physiological  activities  of  chemical  

compounds  that  are  involved  in  embryogenesis  and  build  up  the  bones.  Ossification  of  the  interclinoid  

ligament  can  be  complete  or  partial  [33]. 

Several  endocrinological  and  neurological  disorders  associated  with  sella  turcica  bridging.  Sellar  

bridges  were  demonstrated  radiographically  to  a  25%  extent  in  idiots,  to  20%  in  criminals,  to  15%  in  

epileptics,  and  to  38%  in  other  cases  with  mental  disorders  [5].  Higher  prevalences  of  sella  bridges  

have  been  reported  in  patients  with  severe  craniofacial  deformities  and  with  increased  mandibular  and  

maxillary  overjets  [2]  and  with  dental  transpositions  [37].  The  type  of  malocclusion  appears  to  play  an  

important  part  in  the  prevalence  of  sella  bridging  [2].  Becktor  et  al.  [25]  and  Jones  et  al.  [35]  

analysed  the  frequency  of  a  sella  turcica  bridge  in  patients  with  severe  craniofacial  deviations.  They  

found  a  higher  prevalence  of  a  sella  turcica  bridge  of  18.6%  and  16.7%,  respectively,  in  patients  who  

required  combined  surgical–orthodontic  treatment.  The  higher  incidence  of  sella  turcica  bridging  was  

found  in  individuals  with  class  III  compared  with  class  I  and  II  malocclusions  [1,2,41-43].  

Altered  sella  turcica  morphology  or  bridging  of  the  sella  turcica  seems  to  be  related  to  a  

symptom  of  a  syndrome  [1].  The  occurrence  of  a  sella  turcica  bridge  has  been  described  as  a  

radiographic  feature  in  basal  cell  carcinoma  (Gorlin–Goltz)  syndrome,  Rieger  syndrome,  and  other  

disorders  and  syndromes  [44,45,24,26]. 

Furthermore,  the  knowledge  of  structural  anomalies  is  essential  for  safety  in  surgical  

management;  the  variations  in  the  clinoid  processes  and  the  detailed  anatomy  of  the  interclinoid  

ligament  should  be  carefully  studied  by  neurosurgeons.  The  anterior  clinoidectomies  (removal  of  

anterior  clinoid  process)  has  been  used  by  surgeons  to  gain  access  to  the  clinoid  space  for  the  

successful  management  of  aneurysms  of  the  carotid-opthalmic  artery  and  for  tumors  of  the  clinoid  

region  [46].  The  presence  of  an  ossified  ligament  between  the  anterior  and  posterior  clinoid  processes  

may  make  intracranial  surgical  procedures  such  as  removal  of  meningiomas  from  the  tubercle  of  the  

sella  and  treatment  of  paraclinoid  aneurysms  even  more  difficult  and  risky.  For  this  reason,  descriptions  

of  occurences  of  ossification  of  the  interclinoid  ligament   continue  to  be  important  [47].   

The  interclinoid  ligament  bisects  the  wall  of  the  cavernous  sinus,  dividing  it  into  two  triangles;  

carotid  trigone  anteromedially  and  occulomotor  trigone  posterolateral.  Thus  ossification  of  this  ligament  

may  influence  such  structures  as  the  internal  carotid  artery  or  the  occulomotor  nerve  [5]. 

 

Size  of  sella  turcica 

Data  on  the  size  of  the  sella  turcica  have  been  reported  in  the  literature  and  typically  range  

from  4  to  12  mm  for  the  vertical  and  5  to  16  mm  for  the  antero-posterior  dimension  (Figure 3)  

[35,48,49].  The  size  of  sella  turcica  was  studied  by  Axelsson  et  al.  [20]  in  a  Norwegian  sample  

longitudinally  between  the  ages  of  6  and  21  years.  His  study  results  demonstrated  that  the  length  was  
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almost  constant  throughout  the  observation  period  whereas  the  depth  and  diameter  increased  with  age  

[20].  Based  on  similar  results,  Nagaraj  et  al. [4]  concluded  that  growth  of  the  individual  can  be  

assessed  by  the  size  of  the  sella  turcica  at  different  age  periods.  Argyropoulou  et  al.  [50]  state  that  "It  

should  be  noted  that  an  age-related  increase  of  sella  turcica  size  is  expected  because  its  contents,  i.e.  

the  hypophysis,  have  been  shown  to  increase  in  size  with  age."   

According  to  the  results  of  the  study  conducted  by  Shah  [16]  no  significant  difference  in  size  

of  the  sella  turcica  could  be  found  between  males  and  females  and  no  significant  difference  was  found  

among  sella  size  and  skeletal  type.  

 

 
Figure 3.  Reference  lines  for  measuring  sella  size.  TS: tuberculum  sella,  DS:  dorsum  sella,  BPF:  base  

of  the  pituitary  fossa.  Black  line:  length  of  the  sella.  Dashed  line:  diameter  of  sella.  Dotted  line:  depth  

of  sella. 

 

A  larger  size  may  be  an  indication  of  pituitary  tumor  over  producing  hormones  such  as  an  

adrenocorticotropic  hormone,  prolactin,  growth  hormone,  thyroid  stimulating  hormone,  antidiuretic  

hormone  leading  to  Cushing’s  syndrome,  amenorrhea,  acromegaly.  The  enlarged  sella  turcica  on  a  

radiograph  has  been  found  to  be  associated  with  adenomas,  mucocele,  meningioma,  primary  

hypothyroidism,  prolactinoma,  gigantism,   acromegaly,  empty  sella  syndrome,  and  Nelson  syndrome  

[44,51,52].  In  contrast,  an  abnormally  small  sella  turcica  seems  to  be  rare  and  found  in  primary  

hypopituitarism  and  Sheehan’s  syndrome  [52].  A  small  size  may  lead  to  decreased  pituitary  function  

causing  symptoms  such  as  short  stature  and  retarded  skeletal  growth.  Small  sella  turcica  are  notable  in  

humans  who  either  have  an  absent  or  a  partial  formed  diaphragma  sellae  [16]. 

The  largest  percentage  of  intrasellar  tumors  is  microadenomas  (adenomas  smaller  than  10  mm  

in  diameter)  [19].  The  most  common  causes  of  enlargement  of  sella  turcica  are  the  presence  of  

intrasellar  adenomas  (e.g.  prolactinoma)  [53-55]  and  empty  sella  syndrome  (intrasellar  herniation  of  the  

suprasellar  subarachnoid  space)  [53].  Other  rare  conditions  like  Rathke's  cleft  cysts  and  aneurysms  can  

also  cause  enlargement  [54].  Tumours  such  as  craniopharyngioma  and  intrasellar  aneurysm  can  be  

responsible  for  an  enlargement  of  the  sella  turcica  with  bony  destruction  and  invasion  into  the  

surrounding  structures  (56). 

 

III. Conclusion 
The  normal  anatomy  and  variations  in  the  morphology  and  size  of  sella  turcica  on  a  lateral  

cephalometric  radiograph  should  evaluate  by  clinicians  for  the  purpose  of  analyze  deviations  that  may  

reflect  pathological  situations.  Knowledge  of  morphological  variations  is  essential  for  understanding  the  

etiology  of  some  clinical  symptoms  and  for  safety  in  surgical  management.  
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