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ABSTRACT
The present investigation presents
the anatomical variations of the hu-
man paranasal sinuses using com-
puted tomography scanning (CT
scan). Paranasal sinus CT scans ob-
tained from 300 subjects (120 male
and 180 female) were analyzed. Their
ages ranged from 15 to 55 years with

amean age (28.4+8.79).

The maxillary sinus revealed a
number of anatomical variations in
30% of cases. They appeared in the
form of septated sinus in 16%, sinus
hypoplasia in 10 %, and the presence
of a tooth in the sinus in 4% of the
cases. Examination of the frontal si-
nus revealed extensive pneumatiza-
tion of the sinus in 38%, hypoplasia
in 26 % and aplasia in 4 % of the cas-
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es. CT examination of the sphenoidal
sinus revealed sinus hypoplasia in
4%, extensive pneumatization of the
sinus in 6 % and unseptated sphe-
noidal sinus in 10% of cases. Impres-
sion of the optic nerve on the wall of
sphenoidal sinus was found in 60% of
the cases. The internal carotid artery
bulged within the lumen of the sphe-
noidal sinus in 50% of the cases. An-
atomical variations of the ethmoid si-
nus detected by CT included Agger
nasi cell (72%), sphenoethmoidal
(Onodi) cell (70%), pneumatized mid-
dle turbinate (concha bullosa) (56%),
enlarged ethmoid bulla (34%), infra-
orbital ethmoidal (Haller's) cell (30%),
and paradoxically curved middle turbi-
nate (20%).The uncinate process
showed hypoplasia in 24%, elonga-
tion in 10%, pneumatization (uncinate
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bulla) in 8%, lateral deviation in 38%
and medial deviation in 28% of cases.

It was concluded that various ana-
tomical variations of paranasal sinus-
es detected by CT could be of great
importance in understanding the pa-
thophysiology of sinus diseases and
in avoidance of iatrogenic complica-
tions during endoscopic sinus sur-
gery.

INTRODUCTION

Anatomy and variations of the par-
anasal sinuses have gained interest
with the advent of endoscopic sinus
surgery (ESS) and computed tomog-
raphy (CT) imaging. Precise knowl-
edge of anatomical variations of the
paranasal sinuses is critical for sur-
geons performing ESS and for radiol-
ogists involved in the preoperative in-
vestigations to improve the success
of the diagnostic and therapeutic
management of sinus diseases.
(Mackay and Lund,1997; Kantarci et
al., 2004; Sukalaya and Busakorn,
2005).

CT has dramatically improved the
imaging of the paranasal sinuses as
compared to the standard sinus radio-
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graphs. Although magnetic reso-
nance imaging (MRI) offers a definite
advantage in the differentiation of soft
tissue pathology in sinus diseases,
CT remains the method of choice be-
cause it produces better definition of
bony landmarks ( Meyers and Valvas-
sori, 1998). Anatomic variations of the
paranasal sinuses are thought to be
predisposing factors for the develop-
ment of sinus diseases as they may
impair drainage and ventillation of
such sinuses (Lloyd ,1990; Bolger et
al., 1991; Calhoun et al., 1991; Joe et
al., 2000). Moreover, these anatomic
variations may produce difficulties
during ESS ( Zinreich et al., 1987;
Stammberger and Hawke, 1993). CT
can provide the anatomic “road map”
for the endoscopic sinus surgery.

In the light of the high degree of
variability in sinus anatomy, preopera-
tive awareness of a patient unique si-
nus anatomy may help in preventing
jatrogenic injury to the surrounding vi-
tal structures during ESS (Lebowitz et
al., 2001). Therefore, the present in-
vestigation was carried out to throw
light on - the anatomical variations of
the paranasal sinuses utilizing CT
imaging.
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SUBJECTS AND METHODS
Consecutive CT scans of the para-
nasal sinuses obtained from 300 (120
males and 180 females) subjects af-
ter exclusion of those with previous
alteration of the paranasal sinus anat-
omy due to facial trauma, paranasal
sinus carcinoma, or previous sinona-
sal surgery . Their age ranged from
15 to 55 years with a mean age 28.4
+8.79 They were referred from ENT,
Ophthalmology, Neurology and Neu-
rosurgery Departments for different
reasons and were undergoing evalua-
tion at the Department of Radiology,
Mansoura University Hospital from
2003 to 2005. Coronal and axial CT
scans were done for each subject.
The coronal CT scans were taken
from the glabella to the posterior cli-
noid processes and the axial scans
were taken from the hard palate to
above the frontal sinus ( Figs. 1 & 2).
This approach assured complete cov-
erage of all the paranasal sinuses.
All subjects were scanned on Toshiba
Asteion unit with 5 mm sequential
scan and window width = 1500 HU
without the use of intravenous con-
trast (Zinreich et al., 1987). CT imag-
es were analyzed for the incidence of
anatomical variations of the parana-

sal sinuses including excessive pneu-
matization, hypoplasia, septation and
variations of bony walls of each si-
nus.

RESULTS

1- Anatomical variations of the
maxillary air sinus ( Table 1) :

Normally, the floor of the maxillary
sinus appeared formed by the alveo-
lar process of the maxilla and the api-
ces of the teeth were separated from
the floor by a bone of varying thick-
ness (Fig. 3 ). Septated maxillary si-
nus was present in 48 cases (16%)
(Figs. 4 & 5) and maxillary sinus hy-
poplasia was detected in 30 cases
(10%) ( Fig. 6 ). A tooth was detected
in the maxillary sinus in 12 cases
(4%) (Figs.7 & 8).

Il. Anatomical variations of the
frontal air sinus ( Table 2 ) :
Extensive pneumatization of the su-
perciliary portion of the frontal bone
with an apparent increase in the vol-
ume of the frontal sinus was detected
in 114 cases (38%) (Figs. 9 &10).
Frontal hypoplasia was present in 78
cases (26 %) (Fig. 11) and aplasia
of the frontal sinus was detected in 12
cases (4 %) (Fig. 12).
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Ill. Anatomical variations of the
sphenoidal air sinus ( Table 3) :

The sphenoidal air sinus is nor-
mally septated (Fig.13). Absence of
such septation was detected in 30
cases (10%) (Fig. 14). Extensive
pneumatization of sphenoidal sinus
with an apparent increase in its vol-
ume was detected in 18 cases (6 %)
(Fig.15) and hypoplasia of the sinus
was present in 12 cases (4%)
(Fig.186).

Normally, as the internal carotid
artery leaves the petrous bone it en-
ters the cavernous sinus and usually
passes in a groove on the lateral as-
pect of the basisphenoid separated
from the sphenoidal sinus by a thick
bony wall (Fig.17). When the sphe-
noidal sinus is extensively pneuma-
tized, the internal carotid artery ap-
peared bulging within the lumen of
the sinus, being covered only by a
thin bony shell. This variation was ob-
served in 150 cases (50%) (Figs. 18
& 19). When the basisphenoid is
highly pneumatized, the optic nerve
appeared producing an impression in
the superior wall of the sphenoidal si-
nus. This impression was found in
180 cases (60 %) (Fig.20).
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IV. Anatomical variations of the
ethmoidal air sinuses (Table 4) :
Normally, the Agger nasi is a non-
pneumatized crest present anterior
and superior to the middle turbinate
(Fig.21 ). Agger nasi cell is a pneu-
matized Agger nasi. In coronal CT,
this cell was seen below the level of
the frontal sinus and anterior to the
attachment of the middle turbinate in
216 cases (72%) (Figs.22 & 23).
Haller's cell (infraorbital ethmoidal
cell) is an ethmoidal air cell appeared
along the medial part of orbital floor.
Haller's cell was detected in 90 cas-
es (30%) (Figs.24 & 25). Onodi
(sphenoethmoidal) cell is the most
posterior ethmoid cell when it be-
comes extensively pneumatized and
extends laterally and to some degree
superiorly to the sphenoidal sinus.
Onodi cell was detected in 210 cases
(70 %) (Fig. 26 ). In normal subjects,
the uncinate process (UP) appeared
as a thin sickle shaped bony leaflet
and its concave free margin was par-
allel to the anterior surface of the eh-

moid bulla. Hypoplasia of UP was de-
tected in 72 cases (24%) (Fig.27). El-
ongation and apparent fusion of the
UP tip to the floor of the ethmoid si-
nus was found in 30 cases (10%)
(Fig.28). Pneumatized UP (uncinate
bulla) was detected in 24 cases (8%)
(Fig.29). Laterally deviated UP was
present in 114 cases (38%) (Fig.30),
while medial deviation was detected
in 84 cases (28 %) (Fig.31).

In normal subjects, ethmoid bulla was
related laterally to the orbital plate of
ethmoid. It extended to the roof of
ethmoid and posteriorly to the basal
lamella of the middle concha. En-
larged ethmoid bulla was detected in
102 cases ( 34 %) (Fig. 32). Normal-
ly, crista galli appeared not pneuma-
tized (Fig.33); its pneumatization was
detected in 18 cases (6%) (Figs.34 &
35). Pneumatized middle turbinate
(concha bullosa) was encountered in
168 cases (56%) (Figs. 24 & 31).
Paradoxically curved middle turbinate
with concave medial wall was
present in 60 cases (20 %) (Fig.36).
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Table 1: Anatomical variations of the maxillary air sinus.
Variations No. of cases Percentage %
Septated sinus 48 16
Hypoplasia 30 10
A tooth in the sinus 12 4

Table 2 : Anatomical variations of the frontal air sinus.

Variations No. of cases Percentage %
Extensive pneumatization 114 38
Frontal hypoplasia 78 26
Frontal aplasia 12 -
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Table 3 : Anatomical variations of the sphenoidal air sinus.

Variations No. ol cases Percentage %o
Unseptated sinus 30 10
Extensive pneumatization 18 6
Hypoplasia 12 4
Bulging of the internal carotid

. > 150 50
artery into the sinus
Impression of the wall of the
180 60

sinus by the optic nerve

Table 4: Anatomical variations of the ethmoid air sinuses.
Variations No. of cases Percentage %

Agger nasi cell 216 72
Haller's cell 90 30
Onodi cell 210 70
Hypoplasia of UP 72 24
Elongation of UP 30 10
Pneumatized UP 24 8
Lateral deviation of UP 114 38
Medial deviation of UP 84 28
Enlarged ethmoid bulla 102 34
Pneumatized crista galli 18 6
Pneumatized middle turbinate 168 56
Paradoxically curved middle turbinate 60 20
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Fig. (1) : A photograph showing the Fig. (3) : A photograph of coronal CT
scannogram for coronal CT of paranasal sinuses showing
images normal maxillary sinus

(M).Note the orbit (O), the zy-
gomatic bone (Z) and the alve-

olar process of maxilla (A).

Fig. (2) : A photograph showing the  Fig. (4) : A photograph of axial CT of
paranasal sinuses showing

scannogram for axial CT e :
images septation of left maxillary
: sinus (arrow).
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Fig. (5) : A photograph of coronal CT  Fig. (7) : A photograph of axial CT of

of paranasal sinuses show- paranasal sinuses showing
ing septation of both maxil- a tooth in the right maxillary
lary sinuses (arrow heads). sinus (arrow head).

Note the concha bullosa (C).

Fig. (6) : A photograph of coronal CT  Fig. (8) : A photograph of coronal CT

of paranasal sinuses show- of paranasal sinuses show-
ing left maxillary hypopla- ing a tooth (arrow) in the
sia (H). Note the normal right maxillary sinus (M).

right maxillary sinus (NM).
MANSOQURA MEDICAL JOURNAL
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Fig. (9) : A photograph of axial CT of
paranasal sinuses showin
extensive pneumatization o
the frontal sinus. Note the
extension into the roof of
the orbit (arrow).

TAGHAEED HAMEC

Fig. (11) : A photograph of axial CT
of paranasal sinuses show-
ing right frontal sinus hypo-
plasia (black arrow) and apla-
sia of the left frontal sinus.

Fig. (10) : A photograph of coronal
CT of paranasal sinuses
showing extensive pneu-
matization of the frontal si-
nus (F). Note that the sinus
is divided by septa (arrow).
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Fig. (12) : A photograph of coronal
CT of paranasal sinuses
showing frontal sinus apla-
sia.
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Fig. (13) : A photograph of coronal

CT of paranasal sinuses
showing septation of the
sphenoidal sinus (arrow
head).IFGGGRDGHGWER
FDFF

Fig. (15) : A photograph coronal CT

of paranasal sinuses show-
ing extensive pneumatiza-
tion of the sphenoidal sinus
(S) and pneumatization of
the pterygoid process (ar-

row heads).

Fig. (14) : A photograph of coronal
CT of paranasal sinuses
showing unseptated sphe-
noidal air sinus (z:row)

Fig. (16) : A photograph of coronal
CT of paranasal sinuses
showing sphenoidal sinus
hypoplasia (arrows).
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Fig. (17) : A photograph of axial CT
of paranasal sinuses showing
that the right internal carotid ar-
tery (white arrow) is separated
from the sphenoidal sinus
(SPH) by a thick bony seg-
ment, while the left one (black
arrow head) is separated from
SPH by a thin bony segment.

Fig. (18) : A photograph of axial CT
of paranasal sinuses show-
ing bulging of the internal
carotid arteries (arrows) into
the sphenoidal sinus (S).
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Fig. (19) : A photograph of coronal

CT of paranasal sinuses
showing bulging of the inter-
nal carotid arteries (arrow
heads) into the sphenoidal
sinus (S).

Fig. (20) : A photograph of coronal

CT of paranasal sinuses
showing bulging of the optic
nerve - (arrows) into the
sphenoidal sinus (S).
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Fig. (21) : A photograph of coronal

CT of paranasal sinuses
showing unpneumatized ag-
ger nasi cells (black arrow) .
(F) represents the frontal si-

Fig. (23) : A photograph of coronal

CT of paranasal sinuses
showing bilateral enlarged
agger nasi cell (arrows). (F)
represents the frontal sinus.

nus.

TN ED ELSAAYED

Fig. (24) : A photograph of coronal
Fig. (22) : A photograph of coronal ghTO W?rgg pmg?ggl ﬂgﬁggg
CT of paranasal sinuses cell (arrow) situated in the
showing unilateral agger medial part of the roof of
nasi cell (white arrow). (F)

the right maxillary sinus (M)
represents the frontal sinus. below the_orbit (). Note

the presence of pneuma-
tized middle turbinates (B).
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Fig. (25) : photograph of coronal CT Fig. (27) : A photograph of coronal

of paranasal sinuses show- CT of paranasal sinuses
ing bilateral Haller's cells showing hypoplastic unci-
(arrows). Note the orbit (O) nate process (arrow head).

and maxillary sinus (M).

Fig. (26): A photograph of coronal CT Fig. (28) : A photograph of corcnal
of paranasal sinuses show- CT of paranasal sinuses
ing Onodi cell (arrow). Note showin§ elongation of the
the sphenoidal sinus (S). uncinate process (arrow)

Vol. 37, No. 1 &2 Jan., & April, 2006
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Fig. (29) : A photograph of coronal
CT of paranasal sinuses
showing bilateral uncinate
bulla (arrow heads).

Fig. (30) : A photograph of coronal
CT of paranasal sinuses
showing lateral deviation of
the uncinate process (ar-
row).Note the deviated na-
sal septum (arrow head).

Fig. (31) : A photograph of coronal
CT of paranasal sinuses
showing that the uncinate
process is medially deviat-

ed Karrow) and attached to

the left middle turbinate (M).

Note  pneumatized rignt

middle turbinate(B).
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Fig. (32) : A photograph of coronal
CT of paranasal sinuses
showing well-pneumatized
ethmoidal bulla (B). Note
the maxillary sinus (M).
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Fig. (33) : A photograph of coronal
CT of paranasal sinuses
showing unpneumatized
crista galli (arrow).
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Fig. (35) : A photograph of coronal
CT of paranasal sinuses
showing pneumatized crista
galli (arrow). Note the fron-
tal sinus (F).

Fig. (34) : A photograph of axial CT
of paranasal sinuses show-
ing pneumatized crista galli
(arrow). Note the frontal si-
nus (F).

Vol. 37, No. 1 & 2 Jan., & April, 2006

Fig. (36) : A photograph of coronal
CT of paranasal sinuses
showing paradoxically
curved middle turbinate (ar-
row).Note the deviated na-
sal septum (arrow head).
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DISCUSSION

The revolutionary changes in the
management of sinus diseases in re-

cent years require the clinician and

radiologist to have precise and de-
tailed knowledge of the paranasal si-
nuses anatomy and their anatomical
variations; many of which are detecta-
ble only by the use of CT (Tonai and
Baba, 1996). It is commonly accepted
that CT is more useful than the con-
ventional radiology and MRI in delin-
eating anatomical variations of para-
nasal sinuses because it produces
beiter definition of the bony land-
marks (Meyers and Valvassori,
1998). These anatomical variations
have been implicated in the etiology
of sinusitis and they may also pro-
duce difficulties during endoscopic si-
nus surgery (Lebowitz et al.,, 2001
Tan and Chong, 2001).

In the present study, different
forms of anatomical variations of the
paranasl sinuses were detected. Max-
illary sinus hypoplasia was detected
in 10% of cases. This incidence is al-
most similar to tnat reported by Bolg-
er et al. (1991), but is much lower
than that reported by Milczuk et al.
(1993) and Basak et al.(1998) (17.5%
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and 20%, respectively). Other inves-
tigators (April et al., 1993; Meyers
and Valvassori, 1998; Krzeski et al.,
2001 and Sirikci et al., 2003) reported
lower incidences of maxillary sinus
hypoplasia ( 6.5%, 4%, 2.23% and
4%, respectively). Maxillary sinus hy-
poplasia should be considered in the
differential patients
showing an apparently opagque maxil-

diagnosis  of

lary sinus with plain sinus radio-
graphs to avoid in-appropriate treat-
ment (Tonai and Baba, 1996). In the
current investigation, the maxillary si-
nus was divided by septa into une-
qual cavities in 16% of the cases.
This incidence coincides with that re-
ported by Krennmair et al (1997), but
is higher than that reported by Krze-
ski et al. (2001) and Sirikci et al.
(2003) (5.73% and 10%, respective-
ly). Marked projection of a tooth in the
floor of the maxillary sinus was de-
tected in 4% of the cases of the
present series. This condition may
be associated with developmental
disturbance, pathological process or
iatrogenic activities (Delbalso, 1990).

In this investigation, frontal sinus
aplasia was detected in the 4% of the
cases . This incidence is lower than

MANSOURA MEDICAL JOURNAL
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that claimed by Landsberg and Fried-
man (2001) (4.9%) and higher than
that reported by Sanchez et al. (2000)
(2.4%) and Aydinlioglu et al. (2004)
(3.8%). Frontal sinus hypoplasia was
detected in 26% of the cases, an inci-
dence which is much higher than
those of Amedee (1993) , Sanchez et
al. (2000) and Krzeski et al. (2001)
(5.9%, 3.9% and 7.01%, respective-
ly).

In the present study, extensive
pneumatization of the sphenoidal air
sinus is observed in 6% of the cases,
an incidence lower than that recorded
by Kosling et al. (1993) (20% ). Sep-
tation of the sphenoidal sinus was the
rule in S0% of the present cases. This
incidence is much higher than those
reported by Krzeski et al. (2001) and
Nitinavakarn et al. (2005) (29.94%
and 47.7%, respectively ) but lower
than that reported by Sanchez et al.
(2000) (94.4%). Protrusion of the op-
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tic nerve into the superolateral part of
the sphenoidal sinus was observed
in 60% of the present cases. Sethi et
al. (1995) reported slight protrusion
of the optic nerve into the superolater-
al part of the sphenoidal sinus in all of
their cases, 3% of which were promi-
nent. Such protrusion of the optic
nerve into the sphenoidai sinus may
lead to damage of the optic nerve
during intranasa!l sinus surgery (Des-
si et al.1994). The internal carotid ar-
tery may bulge within the lumen of
the sphenoidal sinus, being covered
only by a thin bony shell. This varia-
tion was observed in 50 % of the
cases of the present study, an inci-
dence which is lower than that report-
ed by Setni et al. (1995) (93%).

In the present investigation, exam-
ination of the ethmoidal air sinus re-
vealed large number of anatomical
variations. Agger nasi cell was detect-
ed in 72% of the cases. The reported
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prevalence of Agger nasi cell varied
widely among investigators. In ana-
tomic dissections, Agger nasi cell was
reported in 10% of the specimens
dissected by Messerklinger (1967).
Using coronal CT imaging, the inci-
dences of Agger nasi cell reported by
Bolger et al. (1991); Lloyd et al.
(1991); Kosling et al. (1993) ; Tonai
and Baba (1996); Kayalioglu et al.
(2000) and Liu et al. (2002) were
98.5%, 3%, 23.6%, 88.9%, 4.88%
and 0.70%, respectively. Differences
in reported prevalence of Agger nasi
cell could be attributed to the method
of analysis employed. The location of
Agger nasi is of clinical importance.
Its intimate relation to the lacrimal
bone and the frontal sinus could be
an important factor in infection of lac-
rimal system and in frontal sinusitis
(Mackay and Lund, 1997). Haller's
cell was found in 30 % of the cases of
the present series. The reported inci-
dences of Haller's cell using CT scan-
ning by Bolger et al. ( 1991), Tonai
and Baba (1996), Stackpole and
Edelstein (1997), Sanchez et al.
(2000) and Liu et al., (2002) were
45.1%, 33.3%, 34.1%, 3.2% and
1.0%, respectively. Sanchez et al.
(2000) attributed the discrepancy in

incidences of the prevalence of Hall-
er's cell to variations in interpretation
of Haller's cell, sample study or tech-
niqgue of CT scanning. Haller's cell
has been impiicated as a possible
etiological factor in maxillary sinusitis
as it can produce narrowing of the
maxillary
al.,, 1987 ; Stammberger and Wolf,
1988). Onodi cell was identified in
70% of the present cases, an inci-

infundibulum (Zinreich et

dence which is higher than that re-
ported in previous studies. Habal et
al. (1976) using transorbital dissec-
tion detected Onodi cell in 25% of the
cases. Kainz and Stammberger
(1992) using endoscopic dissection
reported 42% of the cases with Onodi
cell. According to Kxsling et al
(1993); Dessi et al. (1994); Sethi et
al. (1995) and Sanchez et al. (2000),
the reported incidences of Onodi cell
using CT scanning were 1.3%, 8%,
3% and 8.3%, respectively. On the
other hand, Meyers and Valvassori
(1998) detected no Onodi cell in their
series.

Uncinate process (UP) was ob-
served in all the present cases. Lang
(1989) reported absence of UP in 1%
of cases. Elongation of UP was found

MANSOURA MEDICAL JOURNAL
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in 10% of the cases of the present se-
ries, a percentage which is lower than
that reported by Liu et al. (2002)
(19.36%) but higher than that report-
ed by Chao (2005) (1%). Pneumatiza-
tion of UP (uncinate bulla) was de-
tected in 8% of cases of the present
series, an incidence lower than that
reported by Gumusburun, et al
(1996) (12%) and Sirikci et al. (2003)
(10%) but higher than that detected
by Krzeski et al. (2001) and Chao
(2005) (0.96, and 1%, respective-
ly).The incidence of laterally deviated
UP detected in the present study (38
% of cases) is higher than that re-
corded by Danese et al. (1997)
(31%). Milczuk et al. (1993) reported
that laterally curved UP may narrow
the hiatus semilunaris. Medial devia-
tion of UP was detected in 37% of the
cases in the present study; an inci-
dence which is lower than that ob-
served by Liu et al. (2002) (45.27%),
but higher than that reported by Zin-
reich (1993) ; Joe et al. (2000) and
Krzeski et al. (2001) (3% ,15% and
8.3%, respectively ).

In the present study, the bulla eth-
moidalis was well pneumatized in
34% of the cases, an incidence which

Vol. 37, No. 1 &2 Jan., & April, 2006

is higher than that estimated by Scri-
bano et al. (1997) (3.5%) and Krzeski
et al. (2001) (26.75%). Crista galli
in 6% of the
present cases comparedto 5.4% re-
ported by Bolger et al. (1991) and
14% reported by Krzeski et al. (2001).
Pneumatized middle concha (concha

was pneumatized

bullosa) was detected in 56% of cas-
es of the present series. The reported
incidences of concha bullosa varied
widely among investigators; Basic et
al. (1998), Joe et al. (2000), P_.rez-
Pisas et al. (2000), Sanchez et al.
(2000), Krzeski et al. (2001), Pospisi-
lova et al. (2001), Sirikci et al. (2003)
and Hatipoglu et al. (2005) reported
concha bullosa in 42.5%, 15%, 73%,
8.3%, 30.25%, 51.7%, 50% and
70.58% of their cases, respectively.
Criteria for pneumatization differ
among investigators thus influencing
the reported prevalence rates. In the
present investigation, any degree of
pneumatzation detected by CT was
considered significant. Pneumatiza-
tion may also be influenced by the
sensitivity of the method of analysis.
Inherent differences may exist be-
tween standard radiographic analysis,
CT imaging and microscopic dissec-
tion techniques (Eltahry 2000). Krze-
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ski et al. ( 2001) stated that an abnor-
mally large middle turbinate may ob-
struct the ostiomeatal complex caus-
ing secondary infection of the
ethmoid, frontal and maxillary sinus-
es. Obstruction of drainage of the
concha bullosa itself can lead to mu-

cocele formation.

Paradoxically curved middle turbi-
nate was observed in 20% of the
present cases. Bolger et al. (1991);
Earwaker (1993); Tonai and Baba
(1996) and Basic et al. (1998) report-
ed higher incidences (26.1%, 25%,
29.8%, and 24.2%, respectively).
Lower incidences were reported by
Calhoun et al. (1991), Lloyd et al.
(1991), Kosling et al. (1993), Krzeski
et al. (2001) and Sirikci et al. (2003)
(12%, 15%, 13.3%, 6.05% and 10 %,
respectively).Variations in the report-
ed prevalence of the paradoxically
curved middle turbinate might be due
to the fact that some investigators
were concerned only with the para-
doxical curve affecting the middle
meatus. Paradoxically curved middle
turbinate may block the entrance to
the middle meatus, however, it has
not been reported to be related to si-
nus disease (Sukalaya and Busakorn,
2005).

In conclusion, the discrepancy in
the prevalence of the anatomical vari-
ations of the paranasal sinuses de-
tected in the present study and those
reported by others may be explained
by differences in study population, cri-
teria for the variations or sensitivity of
the utilized techniques. The
tions reported in the present investi-
gation may be considered as a sam-

varia-

ple for the Egyptian population and
should be taken into consideration
when treating or performing opera-
tions of paranasal sinuses in the
Egyptians.
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