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ABSTRACT
Objectives: The aim of this study is to determine the prevalence of NSD, CB and maxillary
sinusitis and to investigate their possible correlation using CBCT in a group of adult Egyptian
population.
Subjects &methods: In this retrospective study, 75 CBCT scans of both sexes (29 males &
46 females) in the age range between 13-61 years were selected from the archives of the Oral and
Maxillofacial Radiology Department, Faculty of Dentistry, Cairo University. The presence of nasal
septal deviation (NSD), concha bullosa (CB) as well as maxillary sinusitis and their correlation was
assessed by an experienced Oral and Maxillofacial Radiologist.
Results& conclusions: The results of this study showed that maxillary sinusitis is quite common
(62.7%) in the studied population. The prevalence of maxillary sinusitis was more common than
both NSD and CB. No correlation between all examined parameters was found except an association
between NSD and contralateral CB. There was also no statistically significant difference between
both genders in all parameters. From the results of this study it can also be concluded that neither
NSD, nor CB increases the incidence of maxillary sinusitis.
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INTRODUCTION
The nasal septum is an important support and

physiological structure of the nose1. It is located in
the midline of the nasal cavity and divides the nose

to form the two nostrils. The nasal septum contains

both bone and hyaline cartilage and its thickness is
about 2 mm2,3. Nasal septal deviation (NSD) is a

malalignment of the nasal septum from the midline.
NSD occurs only in humans and is the most common
deformity of the nose. It is also considered as the
most common anatomic variation4. Earlier studies
stated that some sort of deviation was seen in almost
80% of healthy adults5,6. According to the literature,
NSD occurs secondary to trauma during intrauterine
life, birth, or any time during life7. It is reported that
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NSD may be related to sleep apnea, nosebleeds,
repetitive sneezing, difficulty in breathing, and
chronic sinusitis8. The deviation of the nasal septum
causes change in the air flow in the nasal cavity,
nasal cycle and mucociliary clearance. Although
not always symptomatic, NSD frequently leads to
respiratory problems due to the reduction of volume
in the nasal cavity. Hypertrophy of the turbinates on
the contralateral side of the septal convexity is also
often noticed1,2,3,7.
Other studies investigated the relation between
variants in the sinonasal anatomy and the occurrence of sinus pathology9,10,11. Concha Bullosa (CB)
also known as middle turbinate pneumatization or
aerated turbinate, is a common anatomic variant in
the nasal cavity and may occur unilaterally or bilaterally12. The correlation between the presence of
CB and contralateral NSD has been reported in different studies 12,13. However, the claim that presence of NSD and pneumatization of the conchae are
potential contributors to the development of sinus
disease is still a matter of debate14. While some believe that NSD or the presence of CB affect proper
nasal airflow and cause sinonasal obstruction, and
hence predispose to sinus disease15,16, others showed
inconsistent findings 17,18.
During the past years, CBCT became an important radiographic modality in numerous dental
applications as it offers 3-dimensional images at a
lower radiation dose than multislice CT (MSCT).
However, for otolaryngologists, the potential use
of CBCT in their field is not yet fully explored.
Anatomical variations as well as pathological conditions within the nasal cavity and the surrounding paranasal sinuses are clearly demonstrated on
CBCT images and are often reported as incidental
findings in CBCT reports. With its high spatial resolution exceeding that of CT and its lower radiation
dose, cone-beam imaging will definitely become the
reference radiographic method in sinus pathology
evaluation in the upcoming years 19.
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Although numerous studies investigated the
relation between NSD and CB on maxillary
sinusitis1,4,9, only few of them studied such a correlation using CBCT 10. Therefore, the intention of
this study is to determine the prevalence of NSD,
CB and maxillary sinusitis in a group of adult Egyptian population and to investigate their possible correlation using CBCT.
SUBJECTS AND METHODS
For this retrospective study, 75 CBCT scans of
both sexes (29 males & 46 females) with a mean age
of 35.44 ± 13.48 years and an age range between
13-61 years were selected from the archives of the
Oral and Maxillofacial Radiology Department,
Faculty of Dentistry, Cairo University. All selected
scans were for patients referred for a CBCT
examination for a different diagnostic purpose other
than the purpose of this study; mostly for implant or
orthodontic planning. As all the scans were obtained
from a dental hospital, no information about the
otolaryngological condition of the subjects was
available. All CBCT scans were performed with
the Planmeca ProMax 3D Mid machine (Helsinky,
Finland). For standardization, all selected scans,
were taken with the same parameters: 90 kVp, 8m A
and 0.4 mm voxel size and 100x200mm field of view
and showing the entire nasal cavity and maxillary
sinus. Images were processed and analyzed with the
Romexis Viewer 4.5.0.R on a personal computer
running Microsoft Windows 10 (Microsoft Corp,
Redmond, WA, USA).
This study excluded patients with history of malignant lesions, traumatic injuries and/or surgery
in the sinonasal or maxillofacial region. Moreover,
patients with clinical and/or radiographic manifestations of developmental anomalies, head and neck
syndromes and those with systemic diseases affecting growth and development were excluded from
the study.
The presence of NSD, CB, as well as maxillary
sinusitis was assessed by an experienced Oral and
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Maxillofacial Radiologist. NSD was defined as
right or left deviation of greater than 4mm from
the midline according to Smith et al 10. Presence of
CB was considered when there was pneumatization
of any size in the middle turbinate20. According to
Rak et al. 21, presence of maxillary sinusitis was
considered when there was 3 mm or more mucosal
thickening.
To evaluate NSD, an axial cut of 0.4 mm
thickness that shows the anterior nasal spine was
selected. On that axial cut, the line corresponding
to the sagittal cut was adjusted to pass through the
middle of the anterior nasal spine. Next, a coronal
cut that shows both the anterior nasal spine and
crista galli was selected to confirm that the midline
passes through them both. The presence or absence
of NSD was determined from that same coronal cut.
In case of presence of deviation (>4mm from the
midline), the direction of deviation whether right or
left was assessed. The direction of deviation was
determined by the side of the convexity of the nasal
septum.
For determining the presence of CB, several
coronal cuts were evaluated. CB was then classified
as (right, left or bilateral).
Presence of maxillary sinusitis was also assessed
from CBCT coronal cuts. In case of presence of

Fig. (1): Coronal CBCT scan showing right-sided NSD,
measurement of its maximum extension from the
midline and contralateral CB

Fig. (2): Coronal CBCT scan showing bilateral moderate
maxillary sinusitis

sinusitis, the side of sinusitis was described as
right, left or bilateral. To determine the severity of
maxillary sinusitis, the following scoring system
was used for each side separately (mild: <1/3,
moderate: 1/3-2/3, severe: >2/3 of the maxillary
sinus).
Statistical analysis
Data were collected, revised, coded and entered
to the Statistical Package for Social Science (IBM
SPSS) version 23. The distribution of quantitative
data was tested by Kolmogorov-Smirnov test of
normality. The quantitative data were presented as
mean, standard deviations and ranges according to
parametric distribution. Also qualitative variables
were presented as number and percentages. The
comparison between groups regarding qualitative
data was done by using Chi-square test and/
or Fisher exact test when the expected count in
any cell was found less than 5. The comparison
between two independent groups with quantitative
data and parametric distribution was done by using
Independent t-test. The confidence interval was set
to 95% and the margin of error accepted was set to
5%. So, the p-value was considered significant at
the level of < 0.05.
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RESULTS

mm and the range was from 4-10.03 mm (Table 1).

Prevalence of NSD

Prevalence of CB

In the current study, NSD was seen in 28 (37.3%)
patients. 10 (35.7%) of them were males and 18
(64.3%) were females. There was no statistically
significant difference between males and females
regarding the presence of NSD (p=0.685). The
mean age of patients with NSD was 37.79 ± 12.99
years and their age range was from 16-61years.

30 (40.0%) of the scans reviewed showed
presence of CB. 4 (13.3%) were located in the
right side, 11 (36.7%) were located in the left side
and 15 (50.0%) were present bilaterally. 13 (43.3%)
of them were males and17 (56.7%) were females.
Although females showed higher prevalence of
CB, there was no statistically significant difference
between them (p = 0.498).

Right-sided NSD was seen in16 (57.1%) of the
patients while left-sided NSD was observed in 12
(42.9%) of the patients. The mean of the maximum
extension of NSD from the midline was 6.36 ± 1.63

The mean age of patients with CB was 30.53 ±
12.26 years and the age range was from13-58years
(Table 1).

TABLE (1): Prevalence, gender distribution of NSD, CB and maxillary sinusitis
Presence of NSD (28)
Mean±SD

Age

Range

Sex
Direction of NSD
Maximum extension of deviation

18 (64.3%)

Males

10 (35.7%)

Right

16 (57.1%)

Left

12 (42.9%)

Mean±SD

6.36 ±1.63

Mean±SD
Range

Sex

Side of CB

Sex

Side of maxillary sinusitis

Significance

0.498

NS

p-value

Significance

0.166

NS

13 – 58
17 (56.7%)

Males

13 (43.3%)

Right
Left

4 (13.3%)
11 (36.7%)

Bilateral

15 (50.0%)

Range

p-value
30.53 ± 12.26

Females

Mean±SD

NS

4 -10.03

Presence of maxillary sinusitis (47)
Age

0.685

16 – 61

Presence of CB (30)
Age

Significance

37.79 ± 12.99

Females

Range

p-value

37.51 ± 13.87
15 – 61

Females

26 (55.3%)

Males

21 (44.7%)

Right
Left

5 (10.6%)
10 (21.3%)

Bilateral

32 (68.1%)
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Prevalence and severity of Maxillary sinusitis

Correlation between NSD & CB

From the 75 scans evaluated in this study, 47
(62.7%) of patients showed evidence of maxillary
sinusitis. 21 (44.7%) were males and 26 (55.3%)
were females. Again, although females showed
higher prevalence of maxillary sinusitis, there was
no statistically significant difference between both
genders (p=0.166).

In this study, the correlation between NSD and
CB was not statistically significant (p=0.559). From
the 28 patients with NSD, only 10 (35.7%) showed
the presence of CB and from the 30 patients with CB,
10 (33.3%) showed the presence of NSD and 13.3%
of all patients had a combination of both (Table 2).

From both genders, 32 (68.1%) had bilateral, 5
(10.6%) had right, and 10 (21.3%) had left maxillary
sinusitis. The mean age of patients with maxillary
sinusitis was 37.51 ± 13.87 years and their age
range was from 15 - 61 years (Table 1).

Regarding the correlation between the side of
NSD and the side of CB, this study revealed that
among the 10 patients who showed the presence of
both NSD and CB, 4(40%) patients had bilateral CB,
6 (60%) had CB on the opposite side of the NSD
and no patients (0%) showed the presence of CB on
the same side of NSD. Here, there was a statistically
significant correlation between the presence of NSD
and contralateral CB (p=0.032) (Table 3).

TABLE (2): Correlation between NSD, CB and MS (maxillary sinusitis)
NSD (28 cases)

CB

Present

Absent

Present

10 (35.7%)

20 (42.6%)

Absent

18 (64.3%)

27 (57.4%)

CB (30 cases)

NSD

Present

Absent

Present

10 (33.3%)

18 (40.0%)

Absent

20 (66.7%)

27 (60.0%)

NSD (28 cases)

MS

Present

Absent

Present

19 (67.9%)

28 (59.6%)

Absent

9 (32.1%)

19 (40.4%)
MS (47 cases)

NSD

Present

Absent

Present

19 (40.4%)

9 (32.1%)

Absent

28 (59.6%)

19 (67.9%)

CB (30 cases)

MS

Present

Absent

Present

18 (60.0%)

29 (64.4%)

Absent

12 (40.0%)

16 (35.6%)

MS (47 cases)

CB

Present

Absent

Present

18 (38.3%)

12 (42.9%)

Absent

29 (61.7%)

16 (57.1%)

p-value

Significance

0.559

NS

p-value

Significance

0.559

NS

p-value

Significance

0.473

NS

p-value

Significance

0.473

NS

p-value

Significance

0.697

NS

p-value

Significance

0.697

NS
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Correlation between NSD & Maxillary sinusitis
Additionally, the current study probed the
potential correlation between NSD and maxillary
sinusitis. Again, there was no statistical significant
correlation between them (p=0.473). From the 28
patients with NSD, 19 (67.9%) also showed the
presence of maxillary sinusitis. On the other hand,
from the 47 patients with maxillary sinusitis, 19
(40.4%) had a deviated septum and 25.3% of the
examined population showed a combination of both
(Table 2).
Regarding the relation between the direction
of NSD and side of maxillary sinusitis, 5 (26.3
%) of patients with NSD had ipsilateral maxillary
sinusitis, 5 (26.3 %) had contralateral sinusitis and 9
(47.3%) had bilateral maxillary sinusitis. There was
no statistically significant correlation between the
side of deviation and the side of sinusitis (p=0.512)
(Table 3).

In this study, the maximum extension of NSD
in patients with sinusitis showed a mean of (6.61
± 1.44) and a range from 4.4 -10.03. There was
no statistically significant association between
the presence of maxillary sinusitis and maximum
extension of NSD (p=0.239) (Table 3).
Correlation between CB & Maxillary sinusitis
By examining the potential correlation between
the presence of CB and maxillary sinusitis, this
study showed that there was no statistical significant
correlation (p=0.697). From the 30 patients with
CB, 18 (60.0%) also had maxillary sinusitis and
from the 45 patients without CB, 29 (64.4%) had
maxillary sinusitis (Table 2). In this study the
correlation between the presence of CB and the
severity of maxillary sinusitis was also explored.
There was a non-statistically significant correlation
between the presence of CB and the severity of
maxillary sinusitis (p=0.147) (Table 3).

TABLE (3): Correlation between direction of NSD and side of CB, CB and severity of maxillary sinusitis

and between sinusitis and maximum extension of deviation

Direction of NSD

Side of Concha bullosa

Right

Left

Right

0 (0.0%)

1 (25.0%)

Left

5 (83.3%)

0 (0.0%)

Bilateral

1 (16.7%)

3 (75.0%)
Presence of CB

Severity of maxillary sinusitis

Absent

Present

Mild

31 (62.0%)

14 (50.0%)

Moderate

12 (24.0%)

10 (35.7%)

Severe

7 (14.0%)

4 (14.3%)

Presence of Maxillary sinusitis

Maximum extension of deviation

Mean ±SD
Range

Absent

Present

5.82 ± 1.95
4 – 10

6.61 ± 1.44
4.4 – 10.03

Direction of NSD

Side of maxillary sinusitis

Right
Left
Bilateral

Right

Left

3
4
4

1
2
5

p-value

Significance

0.032

S

p-value

Significance

0.147

NS

p-value

Significance

0.239

NS

p-value

Significance

0.512

NS
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DISCUSSION
The good image quality provided by CBCT, its
relatively low radiation dose and its simple and
user-friendly software made it the method of choice
in many maxillofacial applications. Additionally,
CBCT provides excellent contrast between boneair and mucosa, allowing the ability to study the
anatomy and pathology of both the nasal cavity
and paranasal sinuses. In particular, coronal CBCT
images significantly improved the visualization of
the nasal cavity and paranasal sinuses 10. Therefore,
deviation of the nasal septum, presence of concha
bullosa, sinus-mucosal thickening, as well as sinus
effusion can be perfectly recognized on CBCT
images. Soon, CBCT will become the gold standard
in routine sinus examination 19.
It is well known that NSD and CB are common
anatomical variations of the nasal cavity and
have been described in different studies 10, 22. The
proper alignment of the nasal septum allows the
operation of the two sides of the nose which in turn
provides both conditioning of the air and respiratory
defense 13.NSD may therefore interfere with nasal
physiology as it frequently causes narrowing of
the middle nasal meatus which in turn causes nasal
obstruction and secondary nasal and sinus infections.
These infections are most frequently observed in the
maxillary sinus. According to the severity of nasal
septum deviation, partial or complete blockage of
the respiratory passage may occur 23.
In this study, the prevalence of NSD, CB
and maxillary sinusitis and their correlation was
explored. NSD was reported in 37.3% (28 patients)
of the sample size. This came very close to the results
obtained by Bahemmat and Hadian 11 who reported
that the prevalence of septal deviation was 37%. In
the current study, although the majority (64.3 %)
of the subjects with NSD were females, there was
no statistically significant difference between both
genders regarding the presence of NSD (p=0.685).
Several studies on the other hand reported that NSD
is more commonly seen in males 12, 24. They explained
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that by the fact that NSD occurs frequently due to
trauma which is more commonly seen in males. In
this study, however, most CBCT scans used were
initially taken for implant and prosthetic treatment
which are mainly used for aesthetic purposes, more
commonly needed by females, and hence the greater
percentage of NSD among females.
In this study, right-sided NSD was seen in 16
(57.1%) of the patients, while left-sided NSD
was observed in 12 (42.9%) of the patients. These
results came also close to those of Stallman et al.
17
who reported that septal deviation was to the
right in 51% of their cases and to the left in 49%.
As reported by numerous studies, there was no
significant predilection to either the right or left side
12, 24
. In the current study, the mean of the maximum
extension of NSD from the midline was 6.36 ± 1.63
mm and the range was from 4-10.03 mm. Gencer
et al 9 ,however measured the angle of deviation,
and reported that the NSD angle was between (5°27.2°). It was therefore difficult to compare the
results of both studies.
The nasal CB represents the most common
anatomical variation in the osteomeatal complex. It
is usually seen in the middle nasal conchae, being
rare in the superior nasal conchae and even rarer in
the inferior nasal conchae 12. In the literature, the
incidence of middle CB was reported in the range
from 13-72.2% 1. In this study, the incidence of
CB was 40 % of the examined population. The
differences between the studies are probably related
to the different ethnic background of the study
population.
Among the 30 patients with CB, 4 (13.3%) were
located in the right side, 11 (36.7%) were located in
the left side and 15 (50.0%) were present bilaterally.
Several studies also reported that the incidence
of bilateral CB ranges from 45.0% to 61.5% 12, 25.
Again, these small differences are probably related
to the intrinsic variations of the examined study
population.
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In this study, although females showed higher
prevalence of CB (56.7%), there was no statistically
significant difference between both genders
(p=0.498). These results came in agreement with
several other studies as Bahemmat and Hadian 11,
who also reported that CB is more common among
females.
A number of studies examined the prevalence of
maxillary sinusitis in different study populations.
Bolger et al.26 reported that maxillary sinusitis
occurred in 83% of their patients. Bahemmat
and Hadian 11 on the other hand reported a lower
prevalence of maxillary sinusitis (33.6%).This
study showed that 62.7% of the studied population
had maxillary sinusitis. Again, these variations are
mainly related to the differences between the study
populations. Additionally, it should be mentioned
that most CBCT scans used in this study were
acquired for dental purposes and may show a lower
incidence of maxillary sinusitis than other study
populations in which patients were referred for
CT examination for sinonasal symptoms. Another
possible cause of these variations may be related
to seasonal bias, as some studies’ population were
collected during a season in which patients are
more vulnerable to allergies. It should be therefore
mentioned that the scans used in the current study
were collected over an 18 months period (involving
different seasons) and are therefore more realistic
and representative for the actual situation.
Furthermore, similar to Subramanian et al 27 who
reported a higher prevalence of maxillary sinusitis
among females, this study also showed a higher
prevalence of maxillary sinusitis among females
but again with no significant difference between
both genders (p=0.166). However, Smith et al 10
reported a statistically significant higher incidence
of maxillary sinusitis in males. This difference may
be attributed to the mucosal secretion dissimilarities
between both genders.
For the correlation between NSD and CB, the
results of this study came in agreement with Lopes
et al 12 regarding the fact that NSD did not increase
the incidence of formation of CB. On the contrary,
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Bahemmat and Hadian 11 found a significant
correlation between NSD and CB. However,
regarding the correlation between the side of CB and
the direction of NSD, this study showed that there
is a statistically significant correlation between the
presence of NSD and the presence of contralateral
CB (p=0.032). Similarly, Uygur et al 25 and Keles et
al 1 found a strong correlation between the presence
of a deviated septum and contralateral CB. As no
patients in this study had deviated nasal septum
and ipsilateral CB, it could be concluded that NSD
may be a factor that prevents the formation of CB
on the same side. Although, the exact mechanism
of CB formation is still not completely understood,
airflow is considerably reduced in the nasal cavity
on the side of the convexity of nasal septum and
pneumatization of the middle concha is increased
on the contralateral side1. This theory might explain
the correlation between NSD and the presence of
contralateral middle CB.
For the correlation between NSD and maxillary
sinusitis, this study showed that there is no
statistical significant correlation between them
(p=0.473). Likewise, some other studies rejected
such a correlation 24, 28. However, other studies like
that of Bahemmat and Hadian 11 showed that there
is a significant correlation between the presence of
deviation and sinusitis. Furthermore, Gencer et al 9
reported that severe deviation may be a contributing
factor for sinusitis. Hatipoglu et al. 29 also found
correlation between the degree of septal deviation
and the presence of maxillary sinusitis. Contrarily,
this study showed no statistically significant
association between the presence of maxillary
sinusitis and maximum extension of NSD (p=0.473)
and between the presence of NSD and severity of
maxillary sinusitis (p=0.544). Similarly, a metaanalysis conducted by Collet et al. 30 also failed to find
a definite relationship between the degree of NSD
and presence of maxillary sinusitis. As the patients
in this study were selected randomly from the oral
and maxillofacial radiology department with no
primary sinonasal complaint, we therefore believe
that the results of this study are more representative
to the whole community and therefore came in
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agreement with the aforementioned meta-analysis.
However, it seems that the correlation between
NSD and maxillary sinusitis will remain a matter
of debate.
Furthermore, in this study there was no association between the direction of the deviated septum
and the side of sinus inflammation. These results
came in agreement with Stallman et al 17 who also
found no relationship. As we mentioned before,
NSD may cause some nasal obstruction and secondary sinus inflammation regardless of the side.
For the correlation between CB and maxillary
sinusitis, some researchers believe that CB causes
sinus obstruction and therefore increases the
incidence of maxillary sinusitis 27. However, others
argue that there is no correlation 17, 26. Stallman et
al. 17 reported that 72% of patients with CB had
sinus disease and that 78% of patient without CB
had sinus disease. Therefore, they concluded that
there was no correlation between the presence of
CB and the presence of sinus disease. Similarly, in
the current study about 60 % of patients with CB
also had maxillary sinusitis and 64.4% of patients
had sinusitis without CB. As the case with the
aforementioned study, there was no statistical
significant correlation between the presence of CB
and maxillary sinusitis. A possible explanation for
this discrepancy is that those studies which found
a correlation, mostly included patients with preexisting sinonasal symptoms. Additionally, this
study showed no correlation between the presence
of CB and the severity of maxillary sinusitis. Most of
the patients with or without CB had mild maxillary
sinusitis, while the least number of both groups had
severe sinusitis. Up to our knowledge, there are no
other studies that investigated such a relationship.

an association between the presence of NSD and
contralateral CB. Additionally, no correlation was
found between presence of maxillary sinusitis and
maximum extension of NSD, presence of CB and
severity of maxillary sinusitis, nor between the
direction of NSD and side of sinusitis. From the
previous results it could be concluded that neither
NSD, nor the presence of CB increases the risk
factor for development of sinusitis.
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