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Abstract
Introduction:  The  middle  turbinate  and  ethmoid  roof  are  intranasal  structures  and  may
have many  anatomical  variations.  These  structures,  which  serve  as  anatomical  markers  dur-
ing functional  sinus  surgery,  are  important  for  preventing  complications  and  performing  a
proper surgery.  Knowledge  of  anatomical  variations  will  increase  surgical  success  and  reduce
complications.
Objective:  We  aimed  to  investigate  the  presence  of  asymmetry  in  the  ethmoidal  roof  and
anatomical variation  in  patients  with  and  without  concha  bullosa.
Methods:  In  this  study,  the  files  of  patients  who  underwent  paranasal  computed  tomography
between  2012  and  2018  were  analyzed  retrospectively.  The  patients  were  divided  into  two
groups, as  patients  with  and  without  concha  bullosa.  Differences  between  the  two  groups  in
terms of  age,  gender,  septum  deviation,  ethmoid  artery  dehiscence,  ethmoid  roof  asymmetry
were examined.
Results:  The  369  patients  included  in  our  study  were  divided  into  two  groups;  those  with  concha
bullosa and  those  without  concha  bullosa.  The  mean  age  of  the  patients  with  concha  bul-
losa was  36.1  ±  13.4  (min---max:  12---74)  and  the  mean  age  of  patients  without  concha  bullosa
was 37.5  ±  14.3  (min---max:  10---81).  The  ethmoid  roof  depths  were  compared  between  the  two
groups and  a  significant  difference  was  observed  (p  <  0.001).  The  ethmoid  roof  depth  was  higher
in the  group  with  concha  bullosa  (p  <  0.001).
Conclusion:  The  results  of  our  study  indicate  that  the  ethmoidal  roof  tends  to  be  higher  in
patients  with  middle  concha  bullosa.
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Figure  1  Etmoid  roof  asymmetry  and  concha  bullosa.  Unilat-
eral concha  bullosa  and  ethmoid  roof  asymmetry  are  evident.
Coronal  section  the  paranasal  sinus  CT  image  is  the  section
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ntroduction

any  anatomical  variations  related  to  the  middle  turbinate
ave  been  described.  The  most  common  of  these  is  the
oncha  bullosa.  Formation  mechanisms  of  concha  bullosa
nd  the  factors  affecting  concha  bullosa  are  unclear.  How-
ver,  if  the  concha  bullosa  is  large  enough,  it  may  obstruct
he  nasal  passage  and  affect  breathing  and  odor  function
dversely.1

The  ethmoid  roof  is  formed  by  the  fovea  ethmoidalis,
hich  is  part  of  the  orbital  extension  of  the  frontal  bone.
his  structure  separates  the  ethmoid  air  cells  from  the  ante-
ior  cranial  fossa.  The  fovea  ethmoidalis  articulates  with
he  lateral  lamella  of  the  cribriform  layer  of  the  ethmoid
one  medially.2 Asymmetries  are  sometimes  seen  in  the
nterior  skull  base  and  ethmoid  roof,  and  these  abnormal-
ties  are  important  for  avoiding  intracranial  complications
uring  endoscopic  sinus  surgery.  Endoscopic  concha  bullosa
urgery  is  relatively  easy  to  perform  and  is  very  useful  in  the
ppropriate  patient  group,  but  it  is  important  to  know  the
natomic  variations  to  avoid  complications.3

In  this  study,  in  order  to  evaluate  the  relationship
etween  concha  bullosa  and  ethmoid  roof  asymmetry,  we
xamined  patients  who  underwent  paranasal  CT  before
ndonasal  surgery  and  investigated  whether  there  was  a  sig-
ificant  difference  between  the  right  and  left  ethmoid  roof
epths  in  patients  with  unilateral  concha  bullosa  and  other
natomical  variations  (septum  deviation,  vascular  dehis-
ence  etc.)

ethods

n  this  study,  files  of  patients  who  underwent  paranasal  sinus
omputed  tomography  in  our  institution  between  2012  and
018  were  examined  retrospectively.  Computed  tomogra-
hy  results  of  the  patients  were  evaluated  and  recorded  by
n  otorhinolaryngologist  and  radiologist  at  the  same  time.
thical  approval  of  the  present  study  was  obtained  from
he  ethics  committee  of  an  education  and  research  hospital
2019---19/22).

The  number  of  patients  included  in  the  study  was  369.
he  patients  included  in  our  study  were  divided  into  two
roups  as  unilateral  concha  bullosa  and  non-concha  bullosa.

As  an  exclusion  criterion,  patients  under  the  age  of  18,
ith  nasal  polyposis,  bilateral  concha  bullosa,  malformation
reviously  caused  by  head  trauma  who  who  have  previously
ad  sinus  surgery,  were  excluded  from  the  study.

Age,  gender,  physical  examination  findings,  and  right  and
eft  ethmoid  roof  depths  of  the  patients  were  measured.
n  order  to  evaluate  the  roof  asymmetry  of  the  patients,
easurements  were  made  by  comparing  the  right  and  left

oronal  plane  and  calculating  the  distance.  The  depth  of  the
ateral  coverslip  was  calculated  by  subtracting  the  depth
f  the  cribriform  plate  from  the  depth  of  the  medial  roof
Fig.  1).  The  measurements  of  our  patients  were  taken  from
he  first  section  of  the  infraorbital  nerve  from  the  coronal
T  images,  and  a  comparison  was  made  between  the  groups.
The  relationship  between  the  roof  depths  of  the  patients
ith  and  without  concha  bullousa  was  evaluated.

In  this  study,  it  was  investigated  whether  there  is  a rela-
ionship  between  concha  bullosa  and  the  ethmoid  roof.

(

b
s

10
here  the  infraorbital  nerve  was  first  seen,  and  all  measure-
ents  were  taken  from  this  section.

tatistical  method

PSS  15.0  program  for  Windows  program  was  used  for
tatistical  analysis.  Descriptive  statistics:  the  number  and
ercentage  for  categorical  variables,  mean,  standard  devi-
tion,  minimum,  maximum  for  numerical  variables  were
iven.  Mann  Whitney  U  test  was  used  for  the  comparison
f  numerical  variables  in  two  independent  groups,  since  no
ormal  distribution  condition  was  provided.  The  ratios  were
ompared  with  Chi-Square  analysis.  Statistical  alpha  signif-
cance  level  was  accepted  as  p  <  0.05.

esults

he  369  patients  included  in  the  study  were  divided  into  two
roups  as  patients  with  concha  bullosa  and  without  concha
ullosa.  The  number  of  patients  with  concha  bullosa  was  193
109  females,  84  males)  and  the  number  of  patients  without
oncha  bullosa  was  176  (81  females,  95  males).  The  mean
ge  of  the  patients  with  concha  bullosa  was  36.1  ±  13.4
min---max:  12---74)  and  the  mean  age  of  patients  without
oncha  bullosa  was  37.5  ±  14.3  (min---max:  10---81).

The  right  ethmoid  roof  depth  of  the  group  with  concha
ullosa  was  5.25  ±  1.78  mm  (min---max:  1.5---12.3  mm),
he  left  ethmoid  roof  depth  with  concha  bullosa  was
.31  ±  1.95  mm  (min---max:  1.5---17  mm),  the  right  eth-
oid  roof  depth  of  the  group  without  concha  bullosa

.94  ±  1.75  mm  (min---max:  1.9---11  mm),  left  ethmoid  roof
epth  mean  5.93  ±  1.75  mm  (min---max:  2.1---11.6  mm).
hen  the  ethmoid  roof  depths  were  compared  between

he  two  groups,  a  significant  difference  was  observed

p  <  0.001).

In the  same  group  and  same  patients,  the  differences
etween  the  right  and  left  ethmoid  roof  depths  were  mea-
ured  and  a  significant  difference  was  observed  as  compared

2
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Table  1  Ethmoid  roof  asymmetry  in  patients  with  concha  bullosa  and  without  concha  bullosa.

With  concha  bullosa  Without  concha  bullosa

Mean  ±  SD  (mm) Min---max  (Median)  (mm)  Mean  ±  SD  (mm)  Min---max  (Median)  (mm)

The  right  ethmoid
roof  depth

5.25  ±  1.78  1.5---12,3  (5.1)  5.94  ±  1.75  1.9---11  (5.8)  <0.001*

The right  ethmoid
roof  depth

5.31  ±  1.95  1.5---17  (5.4)  5.93  ±  1.75  2,1---11,6  (5.9)  <0.001*

The ethmoid  roof
depth
difference

1.51  ±  0.81 0---5.4  (1.2) 0.89  ±  0.93  0---4.9  (0.6)  <0.001*

The etmoid  roof  n  %  n  %  p
Symetric 12  6.2  107  60.8  <0.001*
Asymetric 181  93.8  69  39.2

w
a
l
a

c
c
t
t
d
i

D

D
s
d
u
v
p
a
d

e
e
f
l
e
a
b

d
q
a
c
e
l
d
c
o

w

o
a
e
y
b
d

i
o
o
c
s
s
s
b

s
i
d
a
n
t
S
r
f
c
c
i
w

t
a
o
s
c
t
a
s
t

* indicates statistically significant values.

ith  the  group  with  and  without  concha  bullosa.  There  was
 significant  difference  between  the  group  with  concha  bul-
osa  and  the  group  without  concha  bullosa  in  terms  of  roof
symmetry  (p  <  0.001)  (Table  1).

When  septal  deviation  and  anterior  ethmoid  artery  dehis-
ence  were  compared  between  groups  with  and  without
oncha  bullosa,  a  significant  difference  was  found  between
he  two  groups  in  terms  of  septum  deviation  (p  <  0.001),  but
here  was  no  difference  between  anterior  ethmoid  artery
ehiscence  (p  =  0.127).  Septum  deviation  was  more  frequent
n  patients  with  concha  bullosa.

iscussion

uring  endoscopic  sinus  surgery,  the  surgeon  should  con-
ider  these  variations  when  planning  the  operation  and
ecide  the  extent  of  the  surgery.  The  ethmoidal  roof  is  the
pper  limit  of  endoscopic  sinus  surgery.3 In  order  to  pre-
ent  complications,  paranasal  computed  tomography  of  the
atients  should  be  carefully  examined  and  if  there  is  a  vari-
tion  related  to  this  area,  it  should  be  paid  attention  to
uring  surgery.4---6

One  of  the  most  common  variations  of  the  ethmoid  roof  is
thmoid  roof  asymmetry.  In  this  case,  the  length  of  the  lat-
ral  lamellae,  which  is  one  of  the  structures  constituting  the
ovea  ethmoidalis,  differs  from  each  other  on  the  right  and
eft  sides.  Consequently,  depth  differences  and  form  differ-
nces  may  be  seen  in  fovea  ethmoidalis.  If  these  differences
re  not  noticed  the  likelihood  of  injury  to  the  anterior  skull
ase  increases.2

Concha  bullosa  is  a  common  variation  in  the  community
ue  to  aeration  of  the  middle  turbinate.  Although  the  fre-
uency  varies  in  many  studies,  it  is  encountered  in  between
pproximately  10%  and  50%  of  patients.7,8 The  presence  of
oncha  bullosa  can  lead  to  various  variations  in  the  nose  and
thmoid  labyrinth.  The  middle  concha  bullosa  may  be  uni-
ateral  or  bilateral.  In  one  study,  it  was  reported  that  septal
eviation  increased  significantly  in  patients  with  unilateral

oncha  bullosa.9 In  the  present  study,  septum  deviation  was
bserved  more  frequently  in  patients  with  concha  bullosa.

In  a  study  conducted  by  Apuhan  et  al.,  45%  of  the  patients
ith  concha  bullosa  were  female  and  55%  were  male.10 In

i
c
a
c

10
ur  study,  concha  bullosa  was  seen  in  43%  of  male  patients
nd  57%  of  female  patients.  In  a  study  conducted  by  Cheng
t  al.,  the  mean  age  of  patients  with  concha  bullosa  was  46.7
ears,  whereas  in  the  present  study  it  was  36.1.11 Concha
ullosa  is  a  variation  that  can  be  seen  at  any  age  after  the
evelopment  of  the  ethmoid  labyrinth.

The  most  common  sideedness  of  concha  bullosa  has  been
nvestigated  in  many  studies,  but  there  is  no  clear  opinion
n  this  issue.  In  a  study  conducted  by  Hatipoğlu  et  al.,  47%
f  patients  with  concha  bullosa  were  found  to  be  bullous
oncha  on  the  right  side  and  44%  on  the  left.12 In  another
tudy  conducted  on  patients  with  concha  bullosa,  41%  were
een  on  the  right  and  39.1%  on  the  left  side.13 In  the  present
tudy,  in  patients  with  concha  bullosa,  42.5%  of  the  concha
ullosa  patients  were  on  the  right  side  and  57.5%  on  the  left.

One  of  the  most  serious  complications  of  endoscopic
inus  surgery  is  anterior  ethmoid  artery  injury.  This  risk
ncreases  especially  in  patients  with  anterior  ethmoid  artery
ehiscence.  Therefore,  many  studies  have  investigated
natomical  variations  that  may  be  related  to  this  phe-
omenon.  However,  there  are  no  studies  in  the  literature
o  reveal  a  possible  relationship.  In  a  study  conducted  by
tammberger  and  Posawetz  the  relationship  between  ante-
ior  ethmoid  artery  dehiscence  and  the  agger  nasi  cell  and
rontal  cells  was  investigated,  but  there  was  no  signifi-
ant  relationship.14 In  this  study,  the  relationship  between
oncha  bullosa  and  anterior  ethmoid  artery  dehiscence  was
nvestigated  and  there  was  no  difference  between  patients
ith  and  without  concha  bullosa.

Since  concha  bullosa  is  a  variation  due  to  aeration  of
he  middle  turbinate,  it  also  affects  the  development  of
natomical  structures  close  to  it.  According  to  the  theory
f  ex  vacuo  in  patients  with  septum  deviation,  the  concave
ide  of  the  nasal  cavity  can  trigger  a  concha  ventilation  and
ause  concha  bullosa.15 Gün  et  al.  found  a  significant  rela-
ionship  between  the  axial  diameter  of  the  concha  bullosa
nd  the  width  of  the  anterior  ethmoid  roof.  However,  the
ame  relationship  could  not  be  determined  with  respect  to
he  vertical  diameter  of  the  middle  turbinate.  These  find-

ngs  suggest  that  the  position  of  the  perpendicular  lamina
hanges  due  to  the  aeration  of  the  middle  turbinate.  Vari-
tions  in  the  ethmoidal  roof  are  also  likely  to  be  due  to
hanges  in  the  perpendicular  laminate.  In  this  study,  the

3
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elationship  between  unilateral  concha  bullosa  and  ethmoid
oof  asymmetry  was  investigated  in  order  to  test  this  possi-
le  hypothesis.  As  shown  in  Table  1,  the  rates  of  ethmoid  roof
symmetry  in  patients  with  and  without  concha  bullosa  were
ompared.  As  a  result,  the  rate  of  ethmoid  roof  asymmetry
n  patients  with  unilateral  concha  bullosa  was  significantly
igher  than  in  patients  without  concha  bullosa  (p  <  0.001).
ydoğan  et  al.  in  a  study  on  ethmoidal  roof  asymmetry  exam-
ned  the  most  common  anatomic  variations  in  patients  while
nvestigating  ethmoid  roof  and  81.8%  of  patients  demon-
trated  nasal  septal  deviation  and  concha  bullosa  in  30%.16 In
his  study,  septum  deviation  was  more  frequent  in  patients
ith  concha  bullosa  in  accordance  with  the  literature.

onclusion

he  results  of  our  study  indicate  that  the  ethmoidal  roof
ends  to  be  higher  in  patients  with  middle  concha  bullosa.
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0. Apuhan T, Yıldırım YS, Şimşek T, Yılmaz F, Yılmaz F. Concha
bullosa surgery and the distribution of human olfactory neu-
roepithelium. Eur Arch Otorhinolaryngol. 2012;270:953---7.

1. Cheng SY, Yang CJ, Lee CH, Liu SC, Kuo CY, Lee JC, et al. The
association of superior attachment of uncinate process with
pneumatization of middle turbinate: a computed tomographic
analysis. Eur Arch Otorhinolaryngol. 2017;274:1905---10.
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