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يفنلأازجاحلافارحناو،عئاشضرمةيفنلأابويجلاباهتلا:ثحبلافادهأ
ريثأتلوحلدجكانه.ةيفنلأابويجلايفةدئاسلاةيحيرشتلاتاريغتملانمربتعي
تفده،كلذل.ةيفنلأابويجلاباهتلاثودحةيلامتحاىلعيفنلأازجاحلافارحنا
زجاحلافارحنابهطابتراوةيفنلأابويجلاباهتلالدعمديدحتىلإةساردلاهذه
دبعكلملاةعماجىفشتسمىلإاوتأنيذلاىضرملانيبىرخألماوعويفنلأا
.زيزعلا

،زيزعلادبعكلملاةعماجىفشتسميفةيداعتساةساردءارجإمت:ثحبلاقرط
عيمجةساردلاتنمضت.ىفشتسمللينورتكللإافيشرلأانمتانايبلاعمجمتثيح
ةعشلأامسقىلإمهتلاحإتمتنيذلاوقوفامفامًاع18مهرامعأغلبتنيذلاىضرملا
ىلإ2018ريانيللاخةيفنلأابويجللةيعطقمريوصتةعشأءارجلإةيصيخشتلا
.يجاتنتسلااويفصولاءاصحلإاباسحمت.2020ربمسيد

مهرامعاطسوتمناكو،اضًيرم676ةساردلاهذهتنمضت:جئاتنلا
يفادًوجومناكةيفنلأابويجلاباهتلا.امًاع13هردقيرايعمفارحناب38.9
باهتلابنيباصملاىضرملانم٪54.8روكذلاةبسنتغلبو،ةنيعلانم47.5٪

باهتلانماوناعةنس40-31نيبمهرامعأحوارتتنيذلاكئلوأ.ةيفنلأابويجلا
صيخشتمت،ةنيعلايلامجإنم.ىرخلأاةيرمعلاتائفلانمرثكأةيفنلأابويجلا
)%51.3(مهفصنيلاوح،يفنلأازجاحلافارحناب)٪75.1(عابرأةثلاثيلاوح
فارحنامهيدلسيلنيذلاكئلوأ.ةيفنلأابويجلاباهتلابنيباصماضًيأاوناك
طابتراكانهناك.٪27.8اوناكةيفنلأابويجلاباهتلامهيدلنكلويفنلأازجاحلا
ةيرمعلاتائفلاو)P<0.001(سنجلانملاًكوةيفنلأابويجلاباهتلانيبريبك
)P<0.05(.ةباصلإلةضرعرثكأاوناكيفنلأازجاحلافارحنامهيدلنيذلا
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ةثلاثو،ةيفنلأابويجلاباهتلابنوباصمةنيعلافصنيلاوح:تاجاتنتسلاا
فارحنادوجوورمعلاوسنجلاربتعي.يفنلأازجاحلافارحنامهيدلةنيعلاعابرأ
هذهيصوت.ةيفنلأابويجلاباهتلاباهطابترالمتحملالماوعلانميفنلأازجاحلا
باهتلاثودحعنملجأنم،نكمأنإ،يفنلاازجاحلافارحناحيحصتبةساردلا
.ةيفنلأابويجلا

؛ةيفنلأابويجلا؛يفنلاازجاحلافارحنا؛يعطقملاريوصتلا:ةيحاتفملاتاملكلا
ةيفنلأابويجلاباهتلا؛تائبنتملا

Abstract

Objectives: Sinusitis is common and deviated nasal

septum (DNS) is a frequent anatomical variant in the

paranasal sinuses (PNS). Whether DNS can cause

sinusitis has been a subject of debate. This study deter-

mined the rate of sinusitis and its possible association

with DNS and other factors in patients attending King

Abdulaziz University Hospital (KAUH).

Methods: We conducted a hospital-based cross-sectional

study and reviewed the electronic health records of

KAUH retrospectively. We recruited all patients aged

�18 years who were referred to the Diagnostic Radiology

Department for a PNS computed tomography scan from

January 2018 to December 2020. Descriptive and infer-

ential statistics were calculated.

Results: A total of 676 participants met the eligibility

criteria, with a mean (SD) age of 38.9 (13) years. Sinusitis

was present in 47.5% of patients, 54.8% ofwhich were
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males. Patients aged 31e40 years suffered sinusitis more

than the other age groups.Approximately three-fourths

(75.1%) of the total sample had DNS, and 51.3% of

them had sinusitis. Those who did not have DNS but had

sinusitis were 27.8%.There were significant associations

between sinusitis and both sex (P <0.001) and age

(P <0.05). Patients with DNS were approximately three

times more likely to have sinusitis than those without

DNS (OR ¼2.74, 95% CI:1.86e4.04; P <0.001).

Conclusion: Almost half of the patients had sinusitis, and

three-fourths had DNS. Sex, age, and DNS are possible

factors associated with sinusitis. Assessing the presence of

DNS and correcting it, if possible, is recommended to

prevent the occurrence of sinusitis.

Keywords: Computed tomography; Deviated nasal septum;

Paranasal sinuses; Predictors; Sinusitis

� 2022 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Paranasal sinuses (PNS) are air-filled spaces located
within certain bones of the skull. In total, there are four

pairs of sinuses: frontal, maxillary, ethmoidal, and sphe-
noidal sinuses.1 Sinusitis occurs when one or more of these
spaces gets inflamed and swollen. It is considered a

significant health issue, as it is one of the most common
health problems encountered in clinical practice.2,3 PNS
are a complex region that are subject to notable

anatomical variations.4,5 Thus, it is crucial to obtain a
preoperative computed tomography (CT) scan, not only
for diagnostic purposes but also to understand the
sinonasal anatomy and anticipate possible anatomical

variations that could play an important role in the
management of sinusitis.6 However, the significance of
detecting such variations resides not only in the planning

of surgical or endoscopic PNS intervention but also in the
link between their presence and the patient’s susceptibility
to sinus inflammatory disorders.7

While studies have examined the association between some
anatomical variations of the nasal cavities and risk of sinusitis,
the results have been conflicting.2,5,7e10 For example, Espinosa

et al.2 and Shoib et al.10 showed that there is a link between
nasal septum deviation and sinusitis, but other publications
such as studies by Shpilberg et al.9 and Kaygusuz et al.8 did
not agree that this association exists.2,8e10

Multiple studies have explored the anatomical variations
in different regions of KSA.4,11,12 However, there is an
evident lack of research assessing the prevalence of

pathological lesions of the PNS among the Saudi
population, particularly sinusitis. Moreover, there is a lack
of Saudi literature evaluating the prevalence and possible

association of DNS with sinusitis.
Therefore, the aim of this studywas to assess the prevalence

of sinusitis, and to evaluate its relationshipwithDNSandother
factors among the Saudi population who attended KAUH.
Materials and Methods

We followed the Strengthening the Reporting of Observa-

tional Studies in Epidemiology (STROBE) reporting
guidelines.

Study type and setting

A cross-sectional study with retrospective data collection
was conducted in KAUH, Jeddah, KSA. We reviewed the

electronic archives of KAUH to assess the demographic data
and CT scan findings of the participants who attended
KAUH during a 2-year period from January 1, 2018 to

December 31, 2020.

Participants

We recruited all adult patients aged �18 years, who were

referred to the Diagnostic Radiology Department for a PNS
CT scan for either clinical symptoms within the sinonasal
region or for being noted to have DNS on examination in the

allocated 2-year study period.
Those who were diagnosed with a PNS lesion other than

sinusitis (including fungal sinusitis) or had previous changes

in the structure of the PNS as a result of either facial trauma
or sinus surgery were excluded from this study.

Data interpretation

The CT scans were evaluated by radiologists to look for
anatomical variations of the PNS and assess for evidence of
sinusitis. We used a practical subjective assessment based on

the findings of mucosal changes, i.e. thickening and opacifi-
cation of each sinus, to categorize patients into those with
sinusitis and those who were disease-free. Additionally, devi-

ation of the nasal septum was classified as either present or
absent, and if present, the direction of DNS was attributed to
the convex side.

Statistical analyses

Data entry andanalysisweredoneusingMicrosoftExcel and

IBM SPSS (version 24), respectively. Demographic data are
expressed as themean, standarddeviation, andpercentages. The
prevalenceof sinusitis, its location, and its distributionacross sex

and age were calculated. Additionally, the percentage of DNS
and its direction were determined. Furthermore, the chi-square
test was used to assess the association between sinusitis and
sex, age, and DNS. Odds ratios (ORs) with 95% confidence

intervals (CIs)were also calculatedusingMedCalc. P< 0.05was
considered statistically significant.

Results

Patients’ characteristics

A total of 807 patients were assessed, of whom 676 ful-

filled the inclusion criteria. The mean age of the patients was
38.9 � 13 years, with an age range of 18e83 years. Overall,
females accounted for 53.6% of the cases.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Prevalence of sinusitis

Sinusitis was present in 321 patients (47.5%), whereas 355

(52.5%) did not have sinusitis. Maxillary sinusitis had the
highest prevalence (36%), followed by ethmoidal sinusitis
(24.7%), sphenoidal sinusitis (19.7%), and finally frontal
sinusitis (19.6%).

Risk factors of sinusitis

Table 1 shows that males accounted for 54.8% of the

sinusitis cases compared to 45.2% of females. There was a
significant association between sex and sinusitis. Males
were about twice more likely to have sinusitis compared to

females (OR ¼ 1.91, 95% CI: 1.41e2.59). Patients aged
31e40 years suffered more sinusitis (30.5%) than the other
age groups. We found evidence of a statistically significant

association between age and the odds of sinusitis, with
older individuals having a higher risk of sinusitis
(OR ¼ 4.11, 95% CI: 1.63e10.35; P < 0.05).

DNS

The results showed that 489 cases (75.1% of the total
enrolled patients) were diagnosed with DNS by CT scans. Of

the patients diagnosed with sinusitis, 84.4% additionally had
DNS. The direction of DNS among those who had sinusitis
was deviation to the left (43.2%) followed by the right

(35.5%), and then bilateral (6.1%). Moreover, when evalu-
ating the prevalence of DNS among the regions of sinusitis,
36.1% of patients had maxillary sinusitis, followed by

ethmoidal sinusitis (25%), and then sphenoidal and frontal
sinusitis, with a prevalence of 19.6% and 19.3%,
respectively.

In Table 2, the presence of a statistically significant

association between sinusitis and DNS can be seen. Among
the DNS cases, 51.3% (251) also had sinusitis. However,
the rate of sinusitis among cases with no DNS was 27.8%,

and 72.2% had neither DNS nor sinusitis. Those who had
Table 1: Relationship between the presence of sinusitis and the perso

Demographics Sinusitis, No. (%) No sinusitis, No. (%)

Sex Male 176 (54.8) 138 (38.9)

Female 145 (45.2) 217 (61.1)

Age �20 RC 7 (2.2) 22 (6.2)

21e30 80 (24.9) 106 (29.9)

31e40 98 (30.5) 102 (28.7)

41e50 68 (21.2) 52 (14.6)

�51 68 (21.2) 73 (20.6)

Table 2: Relationship between the presence of sinusitis and the prese

PNS CT scan at KAUH.

Deviated nasal septum Sinusitis, No. (%) No sinusitis, No. (%)

Present 251 (51.3) 238 (48.7)

Absent 45 (27.8) 117 (72.2)

Note: There are 25 missing cases.
DNS were about three times more likely to have sinusitis
(OR ¼ 2.74, 95% CI: 1.86e4.04).

Regarding frontal sinusitis and DNS, those with bilateral
frontal sinusitis and right-sided DNS had the highest prev-
alence (32.8%), followed by bilateral frontal sinusitis with

left-sided DNS (32%). Regarding the ethmoidal type, bilat-
eral sinusitis had the highest prevalence, and it was most
commonly seen with right-sided (38.6%) and left-sided DNS

(38.0%). Patients with left-sided DNS and bilateral maxil-
lary sinusitis had the highest incidence compared to the other
directions of maxillary sinusitis (40.1%). Regarding sphe-
noidal sinusitis, left-sided DNS and bilateral sphenoidal

sinusitis had the highest frequency (29.9%).

Discussion

In this large, hospital-based cross-sectional study, we

found that approximately one in two patients had an image-
based diagnosis of sinusitis. Similarly, Prasad et al.13 noted
that sinusitis was present among 52.5% of their adult

Indian patients who underwent a CT scan due to nasal
symptoms. In addition, a study from Iran found that sinus
diseases were prevalent among 53% of their patients.14 To

the best of our knowledge, this is the largest cross-sectional
study on the prevalence of sinusitis performed in a
hospital-based population in KSA.

We also found statistically significant associations be-

tween age and sex in patients with sinusitis. In our study,
males were more significantly afflicted with sinusitis
compared to females. Likewise, Ravantara et al.15 found that

65.7% of their patients with chronic sinusitis were men, with
a male to female ratio of 1.9:1. Albeit, the National Health
Interview Survey age-adjusted data found that sinusitis was

more common in women (63%) than in men.16 However,
studies from Europe, Korea, and Taiwan found no sex
variation in sinusitis occurrence.17e20

The highest prevalence of sinusitis in the current study

was found among those aged 31e40 years. These findings are
in accordance with those of Espinosa et al.,2 who conducted
nal factors of participants who had a PNS CT scan at KAUH.

Total, No. (%) Chi-square (P-value) Odds ratio, (95% CI)

314 (46.4) 17.25 (<0.001) 1.91 (1.41e2.59)
362 (53.6)

29 (4.3) 12.10 (0.017) 1

186 (27.5) 2.37 (0.97e5.83)
200 (29.6) 3.02 (1.23e7.39)

120 (17.8) 4.11 (1.63e10.35)

141 (20.9) 2.93 (1.18e7.29)

nce of deviated nasal septum among the participants who had a

Total, No. (%) Chi-square (P-value) Odds ratio (95% CI)

489 (75.1) 27.22 (<0.001) 2.74 (1.86e4.04)

162 (24.9)
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a study in patients from the Philippines. A research
conducted in KSA showed that, in general, those less than

40 years old were more likely to have sinusitis.21 However,
another study conducted in India found that those aged
21e30 years were most commonly affected.10

Due to the reliance on patient-reported symptoms for the
diagnosis of sinusitis, the observed prevalence differences of
sinusitis by sex and age group could be due to variation in the

rates of patients seeking medical help and reporting symp-
toms.22 Additionally, the presence of other possible risk
factors for sinusitis may vary according to sex, for
example, smoking could also play a role in causing the

disease.23

Among the patients diagnosed with sinusitis, 84.4% also
had DNS. Interestingly, another study done in Saudi re-

ported an incidence of DNS in 91.3% of sinusitis cases,
which is higher than that found in this study.3 A study
conducted in the United States had a similar percentage,

with 98.4% of their patients having DNS.9 In India, 88.2%
of sinusitis cases also had DNS.24 However, a study done
in Pakistan reported an incidence of DNS in 56% of
patients with sinusitis.5 These findings raise the question of

why the incidence of DNS among sinusitis patients seems
to be higher in certain populations.

Our results revealed the presence of a statistically signif-

icant association between sinusitis and DNS (P < 0.001).
Patients with DNS were about three times more likely to
have sinusitis compared to others (OR ¼ 2.74, 95% CI:

1.86e4.04). The results of our study were in accordance with
other studies conducted in different countries, which showed
that DNS is associated with significant sinonasal dis-

ease.2,7,10 In fact, Shoib, et al.10 reported a similar
statistically significant association between DNS and
sinusitis.

There are two possibilities that can potentially explain the

relationship of DNS with sinusitis. The first possibility is that
a mechanical issue occurs in the form of a narrow osteo-
meatal complex as a result of nasal septum deviation.25 The

other possibility could be that DNS changes the airflow
dynamics within the sinuses causing impairment of the
mucociliary function. Both of these can cause retained

secretions, and thus infections within the sinuses.26e28

By contrast, other publications found no link between the
presenceofDNSandthe imaging evidenceof rhinosinusitis.5,8,9

This discrepancy regarding the relationship between DNS and
sinusitis could possibly be attributed to the cumulative effect of
different anatomical variations occurring at the same time and
their role in sinus pathology in different patient groups

worldwide, which could explain why this association is
significant in certain populations. Therefore, further research
should be done to assess whether certain types of DNS are

more prone to developing sinusitis, and to evaluate the effect
of other anatomical variations on sinusitis and their interplay
with each other in regard to sinusitis.

Although our sample size was much larger than any
published work in this field, this study was a retrospective
record review. Therefore, some limitations should be noted.
In some cases, there was not adequately reported clinical

information to determine whether a case was diagnosed with
sinusitis; thus, in those cases, we depended upon the radio-
logical report findings only. As the study was conducted in a

hospital setting (i.e. more severe cases), selection bias may
have inflated the prevalence. Additionally, due to the nature
of this study, some cofounders, such as history of smoking

and allergies, could not be assessed. Therefore, we recom-
mend that studies be done to understand why sinusitis is
more prevalent in men and in those within a certain age

group, and to determine whether external factors such as
smoking could be implicated behind such associations.

Conclusion

Approximately half of the patients in this study suffered
from sinusitis, and it was more prevalent in males, with a

statistically significant difference between both sexes. There
also appeared to be a significant association between age and
sinusitis. Additionally, approximately three-quarters of the
patients had DNS, and there was a significant association

between DNS and sinusitis. Assessing for the presence of
DNS and correcting it, if possible, is recommended to pre-
vent the occurrence of sinusitis.
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