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Abstract
Introduction:  Onodi  cells  are  the  most  posterior  ethmoid  air  cells  and  extend  superolateral  to
the sphenoid  sinus.  These  cells  are  also  intimately  related  with  the  sphenoid  sinus,  optic  nerve,
and carotid  artery.  Radiologic  evaluation  is  mandatory  to  assess  for  anatomic  variations  before
any treatment  modalities  related  to  the  sphenoid  sinus.
Objective:  To  evaluate  the  effect  of  Onodi  cells  on  the  frequency  of  sphenoiditis.
Methods:  A  retrospective  analysis  was  performed  in  618  adult  patients  who  underwent  high-
resolution computed  tomography  between  January  2013  and  January  2015.  The  prevalence  of
Onodi cells  and  sphenoiditis  was  evaluated.  Whether  the  presence  of  Onodi  cells  leads  to  an
increase in  the  prevalence  of  sphenoiditis  was  investigated.
Results:  Onodi  cell  positivity  was  observed  in  326  of  618  patients  and  its  prevalence  was  found
to be  52.7%.  In  the  study  group,  60.3%  (n  =  73)  were  ipsilaterally  (n  =  21)  or  bilaterally  (n  =  52)
Onodi-positive,  whereas  39.7%  (n  =  48)  were  Onodi-negative  (n  =  35)  or  only  contralaterally

Onodi-positive  (n  =  13).  Of  the  control  group,  48.3%  (n  =  240)  were  Onodi-positive  and  51.7%
(n =  257)  were  Onodi  negative.  The  co-existence  of  Onodi  cells  ipsilaterally  was  observed  to
increase  the  identification  of  sphenoiditis  1.5-fold,  and  this  finding  was  statistically  significant
(p <  0.05).

� Please cite this article as: Senturk M, Guler I, Azgin I, Sakarya EU, Ovet G, Alatas N, et al. The role of Onodi cells in sphenoiditis: results
f multiplanar reconstruction of computed tomography scanning. Braz J Otorhinolaryngol. 2017;83:88---93.
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Conclusion:  The  prevalence  of  sphenoiditis  appears  to  be  higher  in  patients  with  Onodi  cells.
However,  it  is  not  possible  to  state  that  Onodi  cells  are  the  single  factor  that  causes  this  disease.
Further studies  are  needed  to  investigate  contributing  factors  related  to  sphenoiditis.
© 2016  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).

PALAVRAS-CHAVE
Variação anatômica;
Tomografia
computadorizada;
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Papel  das  células  de  Onodi  na  esfenoidite:  resultados  da  tomografia  computadorizada
com  reconstrução  multiplanar

Resumo
Introdução: As  células  de  Onodi  são  as  células  etmoidais  mais  posteriores,  que  se  prolongam
superolateralmente  ao  seio  esfenoidal.  Essas  células  também  se  encontram  em  íntima  relação
com o  seio  esfenoidal,  o  nervo  óptico  e  a  artéria  carótida.  Para  análise  de  variações  anatômicas
antes da  implementação  de  qualquer  modalidade  terapêutica  relacionada  ao  seio  esfenoidal,
a avaliação  radiológica  é  obrigatória,
Objetivo:  Nosso  objetivo  foi  avaliar  o  papel  das  células  de  Onodi  na  frequência  de  esfenoidite.
Método: Em  nosso  estudo,  foi  realizada  uma  análise  retrospectiva  em  618  pacientes  adultos
que se  submeteram  à  tomografia  computadorizada  de  alta  resolução  entre  janeiro  de  2013  e
janeiro de  2015.  Avaliamos  a  prevalência  de  células  de  Onodi  e  de  esfenoidite.  Investigamos  se
a presença  de  células  de  Onodi  leva  a  um  aumento  na  prevalência  de  esfenoidite.
Resultados:  A  positividade  para  células  de  Onodi  foi  observada  em  326  de  618  pacientes,  e
sua prevalência  foi  de  52,7%.  No  grupo  de  estudo,  60,3%  (n  =  73)  eram  CO-positivas:  ipsilateral
(n =  21)  ou  bilateralmente  (n  =  52);  e  39,7%  (n  =  48)  eram  CO-negativas  (n  =  35)  ou  apenas  con-
tralateralmente  CO-positivas  (n  =  13).  No  grupo  de  controle,  48,3%  (n  =  240)  eram  CO-positivas;
e 51,7%  (n  =  257)  eram  CO-negativas.  Observamos  que  a  coexistência  de  CO  ipsilateralmente
aumentava  em  1,5  vezes  a  associação  com  esfenoidite,  e  esse  achado  foi  estatisticamente
significante  (p  <  0,05).
Conclusão:  A  prevalência  de  esfenoidite  parece  ser  maior  em  pacientes  com  células  de  Onodi,
mas não  é  possível  afirmar  que  elas  são  isoladamente  o  fator  causador  desta  doença.  Novos
estudos precisam  ser  realizados  para  uma  investigação  dos  fatores  contributivos  relacionados
à esfenoidite.
©  2016  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Publicado
por Elsevier  Editora  Ltda.  Este é  um  artigo  Open  Access  sob  uma  licença  CC  BY  (http://
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Introduction

The  Onodi  cell  (OC)  is  defined  as  the  most  posterior  ethmoid
cell,  and  may  extend  to  the  sphenoid  sinus  (SS)  superiorly
and  laterally.  The  importance  of  these  cells  comes  from
their  close  relationship  with  the  optic  nerve  (ON),  SS,  and
hypophyseal  fossa.1 Nomura  et  al.2 stated  that  OCs  displace
the  SS  downward,  reducing  its  volume,  and  therefore  could
be  associated  with  sphenoiditis.  Ozturan  et  al.3 reported
that  the  co-existence  of  the  OC  may  alter  the  morpholog-
ical  changes  in  the  floor  and/or  the  lateral  wall  of  the  SS.
In  addition,  it  was  mentioned  that  poor  aeration  and  ineffi-
cient  drainage  of  the  OC  lead  to  stasis  of  secretions,  causing
recurrent  infections  in  mucoceles,  optic  neuritis,  or  optic
neuropathies.4---6

Identification  of  OCs  is  possible  using  computed  tomo-
graphy  (CT)  scanning.  It  is  necessary  to  examine  all  three
dimensions  (axial,  coronal,  and  sagittal)  meticulously  to
identify  OCs.  The  accurate  prevalence  of  OCs  is  not  clear

because  CT  scan  studies  of  the  prevalence  of  OCs  in  adults
have  produced  varied  results,  ranging  from  7%  to  65%.1,3,7---9

Although  there  are  studies  on  the  prevalence  of  OCs  in  adult
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atients,  it  was  not  possible  to  find  a  study  on  the  rela-
ionship  between  this  anatomical  variation  and  sphenoiditis.
he  only  study  found  in  PubMed  was  that  conducted  by  Kim
t  al.10 with  a  child  population,  which  reported  that  sphe-
oid  sinusitis  in  children  is  not  associated  with  the  presence
f  OCs.  Moreover,  since  development  of  the  SS  continues
ntil  the  end  of  childhood,11,12 a  study  on  the  relation-
hip  between  the  presence  of  OCs  and  sphenoiditis  in  adult
atients  will  probably  yield  more  reliable  results  than  a
tudy  conducted  with  children.

In  this  study,  the  aim  was  to  investigate  whether  the
resence  of  OCs  causes  an  increase  in  the  frequency  of  sphe-
oiditis  by  analyzing  thin-slice  multiplanar  (axial,  coronal,
nd  sagittal)  reconstructed  high-resolution  computed  tomo-
raphy  (HRCT)  in  adult  patients  with  OCs,  as  well  as  gender
nd  age  profiles.

ethods
etrospectively,  618  adult  patients  who  had  received  medi-
al  treatment  for  long-standing  (>3  months)  sino-nasal
ymptoms  (nasal  discharge,  headache,  cough,  or  nasal
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bstruction),  had  clinical  findings  (inflammatory  findings
ere  observed  and  confirmed  with  nasal  endoscopic  exam-

nation)  of  chronic  sinus  disease  (not  for  allergic  rhinitis
r  recurrent  acute  sinusitis),  and  had  undergone  paranasal
inus  computed  tomography  (HRCT)  in  the  Konya  Educa-
ion  and  Research  Hospital  between  January  2013  and
anuary  2015  were  included  in  the  study.  Also,  review-
ng  the  patients’  records,  those  who  had  any  history  of
rauma,  nasal  polyp,  cystic  fibrosis,  asthma,  immunosup-
ressive  disease,  malignancy,  an  opacification  resembling  a
ass  radiologically  or  a  history  of  previous  endoscopic  sinus

urgery,  as  well  as  patients  with  congenital  malformations,
ere  excluded  from  the  study.  The  protocol  of  this  study  was
pproved  by  the  institutional  review  board  of  the  Medical
aculty  of  Meram,  Necmettin  Erbakan  University,  Konya.

In  the  Radiology  Clinic,  the  routine  CT  imaging  proce-

ure  steps  were  defined  as  follows:  scans  were  performed
ith  a  128-slice  multidetector  computed  tomographic  scan-
er  (Ingenuity  CT,  Philips  Healthcare,  Andover,  MA).  Imaging
arameters  were  as  follows:  Kv  =  120;  mA  =  160;  rotation

w
i
o
a

igure  1  A  coronal  CT  scan  of  the  paranasal  sinuses  shows  (a)  sagi
c) coronal  image  of  a  right  Onodi  cell;  (d)  coronal  image  of  bilatera
Senturk  M  et  al.

ime  =  0.5  s;  collimation  =  64  ×  0.625;  FOV  =  220  mm.  The
terative  reconstruction  technique  was  employed  to  reduce
adiation  dose  during  scans.  Axial  images  were  recorded
hile  the  patient  was  in  the  supine  position  and  the  head  was

n  a neutral  position.  The  images  covered  the  area  from  the
pex  of  the  frontal  sinuses  to  the  nasal  maxillary  process,
arallel  to  the  hard  palate.  Axial  CT  images  were  obtained
ith  a section  thickening  of  0.625  mm,  and  these  source
ata  were  used  to  obtain  associated  coronal  and  sagittal
mages  with  0.9-mm  slice  thickness.  Images  were  analyzed
n  a  workstation  (IntelliSpace  Portal;  Philips  Healthcare  ---
ndover,  MA,  United  States).  No  patient  underwent  a  new
T  examination  for  this  study.  The  retrospective  analysis  was
erformed  using  CT  images  recorded  in  the  digital  archive
f  the  Radiology  Clinic.

In patients  who  underwent  an  HRCT  examination,  the  OC

as  defined  as  the  most  posterior  ethmoidal  air  cell,  extend-

ng  superolaterally  to  the  sphenoid  sinus.  After  application
f  additional  radiological  criteria,  such  as  CT  scan  quality
nd  technical  adequacy,  by  two  independent  observers  (a

ttal  image  an  Onodi  cell;  (b)  coronal  image  of  a  left  Onodi  cell;
l  Onodi  cells  (arrow,  Onodi  cells;  asterisk,  sphenoid  sinuses).
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control  group,  right-sided  OC  was  identified  in  13.9%  (n  =  69)
patients,  left-sided  OC  in  11.3%  (n  =  56)  patients,  and  bilat-
eral  OC  in  23.1%  (n  =  115)  patients.
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The  role  of  Onodi  cells  in  sphenoiditis  

radiologist  and  an  otolaryngologist),  663  results  of  CT  scans
were  examined.  The  OCs  were  determined  by  axial,  coro-
nal,  and  sagittal  multiplanar  HRCT  scans.  Identified  OCs
were  divided  as  follows:  (i)  negative  OC  findings;  (ii)  right-
sided  OC  findings;  (iii)  left-sided  OC  findings;  (iv)  bilateral
OC  findings.  This  study  used  the  definition  of  sphenoidi-
tis  as  the  presence  of  mucosal  thickening  greater  than
2  mm,  as  described  by  Gliklich  and  Metson.13 The  sphe-
noiditis  identified  on  CT  were  classified  as  follows:  (a)
negative  sphenoiditis;  (b)  right-sided  sphenoiditis;  (c)  left-
sided  sphenoiditis;  (d)  bilateral  sphenoiditis.  While  the  study
group  was  consisted  of  sphenoiditis-positive  patients,  con-
trol  group  was  consisted  of  sphenoiditis-negative  patients.
In  the  study  group,  Onodi-positive  patients  consisted  of
sphenoiditis-positive  plus  ipsilateral  or  bilateral  OC-positive
patients.  Since  the  presence  of  unilateral  Onodi  cell  is  not
expected  to  affect  contralateral  sphenoid  sinus  anatomi-
cally,  it  was  considered  that  the  presence  of  unilateral  Onodi
cells  is  not  suitable  to  be  in  association  with  contralateral
sphenoid  sinusitis.  Thus,  the  patients  with  sphenoiditis  plus
only  contralateral  Onodi  cell  positivity  were  also  included
into  the  OC-negative  patients  in  study  group.  The  frequen-
cies  of  sphenoiditis  in  OC-positive  and  negative  patients
were  calculated  considering  gender  and  age.

Statistical  methods

Univariate  and  multivariate  logistic  regression  analyses
were  performed  with  forward  logistic  regression  analysis  to
identify  factors  linked  with  OCs  and  sphenoiditis.  OC,  sphe-
noid  sinusitis,  gender,  and  ages  were  chosen  as  predictor
variables.  The  categorized  data  were  evaluated  by  the  chi-
squared  test.  Student’s  t-test  for  paired-samples  was  used
to  compare  the  same  parameters  with  normal  distribution.  A
p-value  of  0.05  or  less  indicates  a  statistically  significant  dif-
ference.  The  analyses  were  performed  using  SPSS  Statistics
v.21,  (IBM® ---  New  York,  United  States).

Results

Six-hundred  and  eighteen  patients  meeting  the  study  crite-
ria  were  included;  353  were  male  (57.1%)  and  265  were
female  (42.9%).  The  mean  age  was  36.4  years  (range  18---87
years;  median  =  34  years).  The  mean  age  of  females  was  37.8
years,  and  the  mean  age  of  males  was  35.4  years.

Onodi  cell  positivity  was  observed  in  326  of  618  patients
and  its  prevalence  was  found  to  be  52.7%.  Of  the  326
OC-positive  patients,  28.8%  (n  =  94)  were  right-sided,  23.9%
(n  =  78)  left-sided,  and  47.3%  (n  =  154)  bilateral  (Fig.  1).

While  121  patients  (19.6%)  with  sphenoiditis  accepted  as
the  study  group,  497  patients  (80.4%)  without  sphenoidi-
tis  accepted  as  the  control  group.  Of  the  study  group,
60.3%  (n  =  73)  consisted  of  male  patients  and  39.7%  (n  =  48)
were  female  patients.  Sphenoiditis  was  significantly  higher
in  males  than  in  females  (p  <  0.05).  Right-sided  sphenoidi-
tis  was  identified  in  38%  (n  =  46),  left-sided  sphenoiditis  in
31.4%  (n  =  38),  and  bilateral  sphenoiditis  in  30.6%  (n  =  37)

(Fig.  2).  In  the  study  group,  13  patients  who  had  only
contralateral  OC-positivity  were  accepted  as  OC-negative.
Of  the  study  group,  60.3%  (n  =  73)  were  ipsilateral  (n  =  21)
or  bilateral  (n  =  52)  OC-positive,  and  39.7%  (n  =  48)  were

F
a
(

igure  2  The  CT  scans  of  the  paranasal  sinuses  shows  bilateral
phenoiditis  (arrows).

C-negative  (n  = 35)  or  only  contralateral  OC-positive
n  =  13)  (Table  1).  The  co-existence  of  OC  ipsilaterally  was
bserved  to  increase  the  identification  of  sphenoiditis  1.5-
old,  and  this  finding  was  statistically  significant  (p  <  0.05)
Fig.  3).

There  were  280  (56.3%)  male  patients  and  217  (43.7%)
emale  patients  in  the  control  group.  Of  the  control  group,
8.3%  (n  =  240)  were  OC-positive,  whereas  51.7%  (n  =  257)
ere  OC-negative.  Of  the  240  OC-positive  patients  of  the
igure  3  The  graph  shows  that  Onodi  cell  positivity  causes
 1.5-fold  increase  in  the  number  of  cases  with  sphenoiditis
p =  0.018).
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Table  1  Cross  tabulation  of  sphenoiditis  and  Onodi  cells.

Presence  of  Onodi  cell  (n)  Presence  of  sphenoiditis  (n)

Right  sphenoiditis
(n  =  46)

Left  sphenoiditis
(n  =  38)

Bilateral
sphenoiditis  (n  =  37)

Negative  sphenoiditis
(n  =  497)

Right  Onodi  cell  (n  =  94)  12  5  8  69
Left Onodi  cell  (n  =  78)  8  9  5  56
Bilateral Onodi  cell  (n  =  153)  14  10  14  115
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Negative Onodi  cell  (n  =  293) 12  14  

iscussion

hronic  sinus  disease  may  impair  the  quality  of  life,  and
he  SS,  as  well  as  all  sinuses,  may  be  affected  by  the
hronic  sinusitis  disease  processes.  Endoscopic  endonasal
inus  surgery  is  currently  accepted  treatment  modality  for
hronic  sinusitis  if  medical  treatment  is  insufficient.14,15 In
ddition,  small  anatomical  variations  may  be  present  around
he  paranasal  sinuses.  The  OC  is  a  sphenoethmoidal  cell  and
s  one  of  the  cell  variations  around  the  SS.  Săndulescu  et  al.16

uggested  that  important  variations  occur  at  the  sphenoeth-
oidal  junction,  and  most  of  these  variations  are  related

o  the  presence  of  the  OC  and  intrasinusal  protrusions  of
he  ON.  Ozturan  et  al.3 stated  that  OC  pneumatization  may
each  and  surround  the  ON  in  various  extensions.

An  accurate  evaluation  of  these  structures  is  possible
ith  HRCT.  The  HRCT  scan  can  clearly  show  the  relationship
etween  the  OC  and  the  sphenoid  sinus.  The  multiplanar
econstruction  technique  has  recently  been  developed  as  a
ew  imaging  technique  in  the  field  of  CT.17 The  reported
tudies  regarding  the  prevalence  of  OCs  vary  greatly,  and
omputed  tomography  (CT)  scans  suggest  that  prevalence  is
etween  7%  and  65%.1,3,7---9,18 In  cadaver  studies,  this  preva-
ence  was  found  to  be  60%  by  Tanaviratananich  et  al.19

nd  15%  by  Tan  and  Ong.20 In  the  present  study,  multipla-
ar  (axial,  coronal,  sagittal)  reconstructed  HRCT  scans  and
hin  slices  were  used,  and  OCs  were  found  in  52.7%  of  the
atients.  This  finding  was  consistent  with  the  literature.

Numerous  studies  reported  that  OCs  have  clinical  signif-
cance  for  various  reasons.  When  using  endoscopy,  the  OC
ay  easily  be  confused  with  the  SS.  Nomura  et  al.2 reported

hat  the  OC  displaces  the  SS  downward  and  reduces  its  vol-
me,  and  so  could  be  associated  with  sphenoiditis.  In  a CT
tudy1 regarding  the  relationship  between  the  OC  and  the
phenoid  ostium  (SO),  it  was  found  that  the  OC  caused  the
ertical  angles  and  distances  from  the  SO  to  the  OC  become
arger,  which  would  result  from  the  SO  being  displaced  more
nferiorly  in  the  Onodi  group,  so  it  would  be  located  farther
rom  the  superolateral  position  of  the  ON.  Ozturan  et  al.3

tated  that  the  coexistence  of  the  OC  may  alter  the  mor-
hological  changes  in  the  floor  and/or  the  lateral  wall  of
he  SS.  Chee  et  al.4 stated  that  poor  aeration  and  drainage
f  the  Onodi  air  cells  lead  to  stasis  of  secretions  and  cause
he  patient  to  be  prone  to  recurrent  infections.  The  OC  may
e  associated  with  mucoceles  and  optic  neuritis  because  of

hese  possible  anatomic  variations.5,6

Analysis  of  the  relationship  between  anatomical  varia-
ions  in  paranasal  sinuses  and  chronic  rhinosinusitis  on  CT
cans  of  113  children  found  that  OCs  were  not  significantly

b
s
n
n

10  257

orrelated  with  sphenoid  sinusitis.10 However,  in  that  study,
hildren  were  between  5  and  16  years  of  age,  so  devel-
pment  of  pneumatization  of  the  sphenoid  sinus  was  not
ompleted  in  all  patients,  and  the  OC  was  observed  in  only
1  patients.  Additionally,  the  characteristics  of  sinusitis  in
hildren  may  be  very  different  from  those  of  adults.  No
tudies  have  investigated  the  relationship  between  OC  and
phenoiditis  in  adults.  Regarding  patients  with  sphenoidi-
is,  60.3%  (n  =  73)  were  ipsilateral  or  bilateral  OC-positive
atients  and  39.7%  (n  =  48)  were  OC-negative  or  only  con-
ralateral  OC-positive  patients.  The  co-existence  of  OC  was
bserved  to  increase  the  identification  of  sphenoiditis  by
.5-fold,  which  was  statistically  significant.

This  study  has  some  limitations:  when  the  considering
he  developing  the  sinusitis  in  general,  it  is  not  possible
o  state  that  OC  is  the  single  factor  that  causes  this  dis-
ase.  In  this  connection,  as  this  study  is  a  cross  sectional
tudy,  even  though  it  was  observed  that  the  presence  of
phenoiditis  was  more  prevalent  in  patients  with  OC,  it  is
ot  possible  to  attribute  causality  among  this  study  fac-
or  and  the  outcome.  In  patients  with  sphenoid  sinusitis,
ther  locational  and  dimensional  features  of  OCs  may  be
eeded  to  be  explored  regarding  this  intimate  relationship,
uch  as  degree  of  aeration  and  whether  or  not  the  drainage
athways  of  the  sphenoid  sinuses  are  corrupted.  In  addi-
ion,  the  definitive  diagnosis  of  sinusitis  can  be  established
y  sinus  cavity  cultures.21 However,  in  the  case  of  sphe-
oiditis,  it  is  very  difficult  to  obtain  sinus  cavity  culture
ampling  because  anatomically  reaching  the  sinus  cavity  is
early  impossible  in  outpatient  conditions,  except  interven-
ional  conditions.  To  provide  optimal  conditions  for  diagnosis
f  sinusitis,  the  authors  observed  and  confirmed  the  puru-
ent  secretion  flowing  down  from  the  sinuses  under  nasal
ndoscopic  examination.  Further  studies  may  be  useful  to
stablish  exact  nature  of  sphenoidal  disease  in  the  cases
ith  co-existence  of  OC  and  sphenoiditis  by  means  of  culture

ampling  from  the  sphenoid  sinus  cavity  during  intervention.

onclusion

lthough  sphenoiditis  was  more  frequently  observed  in
atients  with  an  OC  in  this  study,  it  is  not  possible  to  state
hat  the  OC  is  the  single  factor  that  causes  this  disease.  This
tudy  offers  a  new  perspective  regarding  the  relationship

etween  the  OC  and  sphenoiditis  using  multiplanar  recon-
tructed  thin-slice  HRCT  images,  and  further  studies  are
eeded  to  investigate  contributing  factors  related  to  sphe-
oiditis.
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6. Săndulescu M, Rusu MC, Ciobanu IC, Ilie A, Jianu AM. More
actors, different play: sphenoethmoid cell intimately related
to the maxillary nerve canal and cavernous sinus apex. Rom J
Morphol Embryol. 2011;52:931---5.
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