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Maxillary Sinus and Nasal Cavity Anatomical Variants Evaluation in Adult Karachi
Population, A CBCT Based Analysis

Lubna Faisal, Rizwan Ajmal, Zia ul Islam, Tabina Urooj, Saima Athar, Fatima Rehman

ABSTRACT
Objective: To determine the common anatomical variants of maxillary sinus and nasal cavity on cone beam
computed tomography.

Study Design: Retrospective cross-sectional study.

Place and Duration of Study: This study was carried out at Anatomy and Radiology Department of Liaquat
National Hospital & Medical College, Karachi, from 11" Nov 2022 till 22™ Nov 2023.

Materials and Methods: Cone-Beam Computed Tomography (CBCT) scans of 353 adults were evaluated
retrospectively, who had scan for sinusitis for anatomical variations of maxillary sinus and nasal anatomy were
included in study. Data analysis was done by SPSSv27.

Results: There were 52% male and 48% female patients, with the majority (43.5%) being in the 26-35 age
range. During the course of our investigation, we discovered that 27.8% of patients had a right deviated nasal
septum with chonca bullosa, 25.5% had a left deviated nasal septum, and 19.9% had a nasal septal spine. In
contrast, 56.3% of patients had hyper pneumatize maxillary sinuses, and 29.3% had hypoplasia of the maxillary
sinuses. Anatomical variations in the nasal cavity were significantly associated with age (p =0.001) and gender
(p=0.002).

Conclusion: Based on our findings, although there was no significant association detected between the
anatomical variations in the maxillary sinus and age (p = 0.641). The anatomical variation from the study's
results of the nasal cavity is a deviated nasal septum on the right side, followed by a deviated nasal septum on
the left, and that the most common variation in the maxillary sinus is hyper pneumatize maxillary sinus, which
was followed by hypoplasia.
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Introduction

Paranasal sinuses are air filled chambers separated
from orbit and cranial fossae by very thin plate of
bone." Maxillary sinuses are bilateral pyramidal
shaped structures lateral to nasal cavity. Because the
nasal cavity and maxillary sinus have a role in the
drainage of the sinonasal region and might cause
sinusitis, anatomic variations of these structures are
highly significant to be considered.” In addition for
planning any clinical procedures especially
endoscopic surgeries in which accurate evaluation is
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required for the success and safety of patient.
Detailed anatomy of nasal cavity and maxillary sinus
is required by surgeons otherwise incomplete
knowledge can lead to major complications e.g.
visual problems, meningitis, oral cavity pathologies
and CSF leakage.’

Anatomical variations of nasal cavity and maxillary
sinus should be carefully evaluated before
performing any surgical procedure. They both are
important for two reasons (1) Variants of nasal cavity
and maxillary sinus have strong correlation with the
nasal drainage and proper ventilation of maxillary
sinus. (2) These two sites can be visualized in 3
dimensions by using Cone Beam computed
tomography (CBCT) resulting in understanding their
anatomical variations which will produce significant
impact on surgical procedures.” Most common
disorder related to nasal septum is nasal septum
deviation. Deviated nasal septum has been
explained as due to developmental cause (mostly C-
shaped deformity or S-shaped nasal septum with

122



JIIMC 2024 Vol. 19, No. 2

inclination more related to anterior nasal septum) or
traumatic (mostly no proper shape, septal
angulation or dislocated in origin). Deviated nasal
septum can result in displacement of middle
turbinate, limiting the middle meatus, developing
difficulty in surgical approach and resulting
impedance of normal mucus flow as a consequence
infection resulted.’ Deviated nasal septum can cause
infection of all four paranasal sinuses due to poor
mucociliary clearance, inappropriate mucus
drainage, and airway narrowing.’

CBCT is the most progressing modality initially
originated in the early decades of 1980's with high
standard images. It captures anatomic structures
providing the 3-dimensional information with slice
thickness of less than 0.4mm regarding the
morphology, anatomic variations & pathology for
both maxillary sinus & nasal cavity.’Over the last few
decades CBCT is preferred to traditional CT images
because it yields high contrast bone scans.Moreover
CBCT provides sufficient knowledge to identify
diagnostic problems related to this region as
compared to Multidetector computed tomography
(MDCT) images due toits flat designed panel and due
toits few artifacts and it is cost effective.”"

Literature contains large number of studies detailing
paranasal sinuses anatomical variants though not
specifically designed to evaluate nasal cavity and
maxillary sinus anatomical variations in Karachi
population on CBCT. Prevalence of nasal cavity and
maxillary sinus were concha bullosa 35.3%, Haller
cells 25%, and modifications of uncinated process 5%
according to Raluca's study performed on 130
patients in 2016 on CBCT. The present study was
planned to determine the common anatomical
variants of maxillary sinus and nasal cavity on CBCT.

Materials and Methods

This retrospective cross-sectional study was
performed at Liaquat National Hospital and Medical
College in Department of Anatomy in collaboration
with the Department of Radiology. The period of
study was one year after obtaining Ethical Review
Committee approval (Ethical ref no: #0848-2022
LNH-ERC). Total 353 patient's medical records and
CBCT images were reviewed during the period of 11"
Nov 2022 till 22™ Nov 2023. CBCT images (16 slice
Toshiba) of both male & female patients with clinical
suspicion of sinusitis (all symptomatic patients were
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included by non-probability convenience sampling
technique and were categorized into three age
groups 20-25 years, in between 26-35 years and > 35
years of age.' Exclusion criteria for all patients
included the following (1) Previous history of any
trauma or surgery (2) Benign or malignant tumors,
(3) Clefts that can cause change in sinonasal mucosa
resulting in anatomical change of maxillary sinus and
nasal cavity (4) Patients under 19 years of age due to
not proper and complete development of maxillary
sinus. CBCT scan of all patients were captured with
(CBCT Machine: Lightning Aquilion Canon model no
C16S). Scanning was done in supine position, in
cranio-caudal direction for all patients. Maxillary
sinus anatomical variants, such as accessory
maxillary sinus, maxillary septa & nasal cavity
anatomical variants including deviated septum, any
septal spur, were interpreted by an anatomist. At the
same time radiological findings, any trauma or
pathologic lesions of maxillary sinus and nasal cavity,
were evaluated through axial images along with
coronal reconstruction by radiologist. All images
were reviewed retrospectively on Syngobia
workstation and all findings were recorded on
predesigned proforma for details of patients
including age, gender, maxillary and nasal sinus
anatomical variants. Data was entered and analyzed
on SPSS version 27. Association of anatomical
variations (nasal cavity, maxillary sinus) with age and
gender was checked by chi-square test. The p value
of <0.05 was considered statistically significant.
Results

CBCTimages for anatomical variability of nasal cavity
revealed in n = 72 females and n = 114 males
respectively. Mean age of patients was 30.40+8.99
years with the majority (43.5%) being in the 26—35
age range. During the course of investigation, we
discovered that 27.8% of patients had a right
deviated nasal septum with chonca bullosa, 25.5%
had a left deviated nasal septum, and 19.9% had a
nasal septal spine. In contrast, 56.3% of patients had
hyper pneumatized maxillary sinuses, and 29.3% had
hypoplasia of the maxillary sinuses as presented in
Tablel.

Table IIA, shows, right deviated nasal septum was
found among 51(39.2%) females and 63(28.3%)
males. Among males left deviated nasal septum was
found in 43 (19.3%) followed by nasal septal spine in
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4 (1.8%), and right and left deviated nasal septum
with concha bullosa both having same number of
2(0.9%). No chonca bullosa revealed on CBCT of
males. Table IIA, shows that, in females second most
frequently occurring nasal septal defect was left
deviated nasal septum among 10 (7.7%) patients,
followed by concha bullosa in 4 (3.1 %), left deviated
nasal septum with concha bullosa in 3 (2.3%), right
deviated nasal septum with concha bullosa in 2
(1.5%) and nasal septal spinein 2 (1.5%) patients.
Right deviated nasal septum was more common in
26-35 years (n =54, 51.4%), followed by >35 years (n
= 34, 26.6%) and 20-25 years (n = 26, 21.7%). Left
deviated nasal septum was more common in 235
years age groups (n = 27, 21.1%) followed by 20-25
years (n=23,19.2%) and 26- 35 years (n=3,2.9%) as
presentedin Table Il B.

Nasal septal spine found among patients in age
group 20-25 years was n =2 (1.7%), in 26-35 years
was n =2 (1.9%) and in 235 years was n =2 (1.6%).
Right deviated nasal septum with concha bullosa was
found only in 4 patients in age group 235 years.
Concha Bullosa was observed in 4 (3.8%) patients in
the age group 26-35 years. A total number of 3 (2.5%)
and 2 (1.6%) patients were noticed in the age group
20-25 years and >35 years respectively. (Table Il B).
Results were summarized in table Il A and table Il B
for anatomical variations of maxillary sinus
association with age and gender respectively.
Anatomical variations in the nasal cavity were
significantly associated with age (p = 0.001) and
gender (p =0.002), although there was no significant
association detected between the anatomical
variations in the maxillary sinus and age (p = 0.641).
Detailed results of association by Chi square test is
presented Table IIA, Table Il B, Table Il A and Table
B

Discussion

In the present study it was found that deviated nasal
septum (right side) is the most common anatomical
variation followed by deviated nasal septum (left
side), supported by Shahidi S et al.,"”**and Al-Ani RM
et al,” which had similar findings. A similar
conclusion was reported by another study where
nasal septal deviation is reported to be a common
anatomical variation for nasal region.”

Concha bullosa associated with right or left deviated
nasal septum is explained as the pneumatization or

https://doi.org/10.57234/jiimc.june24.1951

Maxillary Sinus & Nasal Cavity Anatomical Variants

Table No I: Demographic Characteristics, Anatomical
Variation of Nasal Cavity & Maxillary Sinus among Adult
Urban Karachi Population (n=353)

. Frequency, n
Variable (Percentage, %)
Male 223 (63 %)
Gend
ender Female 130 (36%)
20-25 years 120 (34.09%)
Age years 26- 35 years 105 (29.7%)
>35 years 128 (36.2%)
Deviated nasal 114 (32.3%)
septum (Right side)
Deviated nasal 53 (15.0%)
septum (Left side)
Nasal septal spine 6 (1.7%)
Ana‘to'mlcal Right deviated nasal 4 (1.1%)
varl.atlon of nasal septum with concha
cavity bullosa
Left deviated nasal 5(1.4%)
septum with concha
bullosa
0,
Concha bullosa 4(12%)
Hyperpneumatize 94 (56.3%)
maxillary sinus
i i 0,
Anatomical Maxillary Sl.nus 49 (29.3%)
Variation of Hypoplasia
H 0,
Maxillary Sinus Accessory maxillary 18 (10.8%)
sinus
0,
Maxillary sinus septa 6(3.6%)

Table 1l (A): Frequency Distribution of Anatomical
Variations of Nasal Cavity According to Gender,
(n=186).

Anatomical variations of Nasal cavity
Frequency, n
Percentage, %

Right Left
deviated | deviated

Gender | Deviated | Deviated

nasal nasal Nasal nasal nasal
Concha
septum. | septum | septal | septum | septum Bullosa
(Right (Left spine with with
side) side) concha concha
bullosa bullosa
Male 63 43 4 2 2 0

(n=114) | 28.3% 19.3% 1.8% 0.9% 0.9% 0.0%

Female 51 10 2 2 3 4
(n=72) 39.2% 7.7% 1.5% 1.5% 2.3% 3.1%
Total 114 53 6 4 5 4
(n=186) | 32.3% 15.0% 1.7% 1.1% 1.4% 1.1%
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Table Il (B): Association Between Anatomical Variations
of Nasal Cavity in Relation to Age, (n=186).

Anatomical variations of Nasal cavity
p value
Frequency
Percentage
Right Left
Age Deviated | Deviated deviated | deviated
8 nasal nasal Nasal nasal nasal
Group Concha
septum | septum | septal | septum | septum Bullosa
(Right (Left spine with with
side) side) concha concha
bullosa bullosa
zg-azr;s 26 23 2 0 3 0
y 21.7% 19.2% 1.7% 0.0% 2.5% 0.0%
(n=54)
26-35 54 3 2 0 0 4
vears | sia% | 29% | 19% | 00% 00% | 38% | 9001
(n=63) .001
235
years 34 27 2 3 i"/ 2 0
(n=69) | 26.6% | 11.1% | 1.6% e 1.6% 0.0%

*The p value was considered significant at 0.05 levels.

Table Il (A): Frequency Distribution of Anatomical
Variations of Maxillary Sinus According to Gender
(n=167)

Anatomical variations of Maxillary sinus
Frequency
Percentage
Gender N =
. Maxillary Accessory "
Hyperpneumatize . . Maxillary
h N Sinus maxillary .
maxillary sinus " y sinus septa
Hypoplasia sinus
Male 61 35 9 4
(n=109) 56.0% 32.1% 8.3% 3.7%
Female 33 14 9 2
(n=58) 56.9% 24.1% 15.5% 3.4%
Total 94 49 18 6
(n=167) 56.3% 29.3% 10.8% 3.6%

Table No Illl (B): Association Between Anatomical
Variations of Maxillary Sinus in Relation to Age, (n=167).

Anatomical variation of Maxillary sinus
Frequency
Age Percentage value
Group . Maxillary | Accessory | Maxillary P
Hyperpneumatize ! " .
h . Sinus maxillary sinus
maxillary sinus . .
Hypoplasia sinus septa

zgazr: 37 19 8 2
v 56.1% 28.8% 12.1% 3.0%
(n=66)
2635 23 16 2 1
years 0.641

54.8% 38.1% 4.8% 2.4%
(n=42)
2
_::rs 34 14 8 3
¥ 57.6% 23.7% 13.6% 5.1%
(n=59)

*The p value was considered significant at 0.05 levels.

presence of air cells in middle turbinate. The findings
of this research study did not coincide with the
results of previous studies by Katibe et al.,*in which
it was reported left deviated nasal septum with
concha bullosa is more common than right deviated
nasal septum with chonca bullosa. According to our
findings concha bullosa with right deviated nasal
septum (n=2) was found in males as well as in
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females. Concha bullosa with left deviated nasal
septum in males (n=2) and in females (n=3). Concha
bullosa alone was found only in females (n=4).
Anatomical variants of nasal cavity and maxillary
sinus found in this research are significant because
they may be source of complication for sinus surgical
procedures or can develop pathological
consequences at times. CBCT can provide accurate
information regarding maxillofacial anatomy. Most
frequently involving sinus according to location is
maxillary sinus. Similar results were obtained by
Teuku Husni et al.,”. In our study CBCT scans of 353
patients, maxillary sinus analysis for anatomical
variations revealed hyper pneumatized maxillary
sinus as the most common in order of frequency (n=
61 males) and (n=33) in females followed by
maxillary sinus hypoplasia (MSH), accessory
maxillary sinus ostium, and maxillary sinus septa.
These statements are not in contrast with Maria A. et
al., ** which revealed maxillary sinus hypoplasia as
the commonest anatomical variation. MSH can
develop dental problems due to elevation of canine
fossa. It was found dehiscent of bone over roots of
maxillary tooth both molars and premolars along
with mucosal lining between the maxillary antrum
and roots. These can result in the formation of
oroantral fistula following tooth extraction and it can
also predispose to recurrent sinusitis as a
consequence of dental infection. Accessory ostium
of maxillary sinus is defined as additional aperture
rather than single primary ostium and is generally
located in nasal fontanelle or hiatus semilunaris. In
our study total 9 scans both in male and in female
had maxillary sinus ostium which is not in line with
the study of Rashi's et al., ** which found accessory
maxillary ostium as the common anatomical
variation of maxillary sinus.

Deep understanding of anatomy, anatomical
features and anatomic variations of the sino-nasal
region is the essence and requirement for
constructive and successful functional endoscopic
sinus surgery (FESS).” Advanced imaging modalities
as well as experienced skillful person can discuss in
detail the pathology and anatomical variations of
nasal cavity and maxillary sinus.” Comparing our
study results with the study done in Nigerian
population, they found that most common
anatomical variation was pneumatization of middle
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nasal turbinates (32.3%) followed by agger nasi cells
(23.64%), haller's cell (20.9%) and septal deviation
(20.16%). In our study, the most common anatomical
variation according to three different age groups was
deviated nasal septum (right side) (n=26), followed
by deviated nasal septum of the left side (n=23), left
deviated nasal septum with chonca bullosa (n=3),
and nasal septal spine (n=2).”

Inastudy done by Adem Bora on adults and pediatric
age groups they found that septal deviation (79.9%),
concha bullosa (40.9%) and ethomoid bulla (21.0%)
were the most frequently detected variations. It was
also observed in same study that nasal septal
deviation was more frequently observed in males
thanin females, which isin line with our study.”

The study sample was divided into three groups 20-
25, 26-35 years, and 2 35years for evaluation of
maxillary sinus anatomical variations and their
frequencies were evaluated. Hyper pneumatized
maxillary sinus was the most regularly experienced
maxillary sinus variation in the age group 20- 25 n=37
(56.1%), 26-35 years n= 23 (54.8%) and > 35years
n=34 (57.6%) followed by maxillary sinus hypoplasia
n= 19 ( 28.8%) in the age group 20-25 and n=16
(38.1%) in the age group 26-35 years ,n= 14 (23.7%)
in the age group followed > 35years by accessory
maxillary sinus n=8 (12.1%) in 20-25 and n=2 (4.8%)
in the age group 26-35 years, followed by maxillary
sinus septa n=2 ( 3.0 %) in the age group 20-25, and
n=1(2.4%)inthe age group 26-35 years.

A highly significant association was found between
gender and anatomical variations of nasal cavity p
value (0.002) as shown in Table Il A. We can conclude
that anatomical variations of nasal cavity are more
common in females than males, whereas frequency
of anatomical variations of maxillary sinus same in
both genders according to this study. A significant
association was found between patient's age and
anatomical variations of nasal cavity p value (0.001)
as shown in Table Il B. However, a significant
association was noticed between gender plus age
and anatomical variations of maxillary sinus as
showninTablelllA&IIIB.

Conclusion

In the light of results found in our study it can be
concluded that deviated nasal septum (right side) is
the most common anatomical variation of nasal
cavity followed by deviated nasal septum (left side)
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and in maxillary sinus hyper pneumatize maxillary
sinus is the most common experienced variant found
in our research study followed by maxillary sinus
hypoplasia. CBCT should be done before any sinus
surgical intervention.

Limitations

It was a single institution study and mainly urban
population was included. Since it was a non-contrast
study, it was not beneficial for the diagnosis/
detection of tumors. Contrast enhanced CBCT full
studyis needed in these situations.
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