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ABSTRACT

Objective: The goal of this study was to use cone-beam computed tomography (CBCT) images to analyze the association of
maxillary sinus mucosal lining thickness (MT) with various dental problems.

Material and method: CBCT scans of 159 cases (92 females and 67 males) with a mean age of (38.30+ 13.69) years were
collected from the patient’s database of Oral and Maxillofacial Radiology Department, Faculty of Dentistry, Cairo University,
Egypt, and retrospectively evaluated. The second premolar, first and second molar were evaluated for the presence of a periapical
lesion, root canal filling, periodontal bone loss, caries, and dental filling. Sinus mucosal thickening was classified into 5 grades;
1. MT less than 1 mm; 2. 1- 3 mm; 3. 3- 6 mm; 4. 6- 10 mm and 5. More than 10mm.

Results: Associations between MT occurrence and different demographic and dental variables were all statistically not
significant (p>0.05). A binomial logistic regression showed that age, sex, presence of a periapical lesion, and dental caries all
had a significant effect on MT occurrence (p<0.05).

Conclusion: This study's findings revealed that maxillary sinuses mucosal lining are influenced by various dental conditions
and that the prevalence of MT has a direct positive association with age, presence of a periapical lesion, dental caries, and
higher in males.
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INTRODUCTION The maxillary sinus communicates with the nasal cavity
via an ostium on the lateral wall of the nasal cavity.
The Schneiderian membrane, sinus lining, or sinus
mucosal lining, is a mucus-producing pseudostratified
ciliated columnar epithelium that is continuous with
the nasal mucosal lining through the ostium. (567,

Many medical specialists, particularly those in the
fields of maxillofacial surgery, otorhinolaryngology, and
dentistry, are undoubtedly interested in the paranasal
sinuses. Ancient Egyptians were the first to discover
paranasal sinuses within the bones of the skull and later

Greek physicians . The maxillary sinus is the largest Schneiderian membrane thickness typically ranges
and first to form of the paranasal sinuses. It is a cavity from 0.13mm to 0.5mm which cannot be detected
in the maxillary bones that is filled with air with the size, radiographically unless thickening occurs due to
shape, and wall thickness that diverges from one person inflammation or any other causative factor.
to another, as well as between the two sides of the same S . .
person 2341 Schnelqerlan membrane inflammation can .be a result
of a variety of reasons such as upper respiratory tract
The maxillary sinus is a pyramid-shaped structure with infections, immunodeficiency, asthma, foreign body
a base that faces the nasal wall and a lateral tip that inhalation, irritants, and also different dental conditions
extends into either the zygomatic process of the maxillary and procedures due to the proximity between the
bone or the zygoma. The sinus extends anteriorly to the macxillary sinus floor and the posterior maxillary teeth

canine and premolar areas and the orbital floor forms
the roof. The maxillary alveolar process, with varying
extension towards the alveolar ridge and close proximity
to the posterior maxillary teeth, forms the floor. B3

root apices. Many researchers have used various
approaches, such as skull remains examinations, computed
tomography (CT), and cone-beam computed tomography
(CBCT) to determine the thickness of the Schneiderian
membrane. 5,
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In oral and maxillofacial surgery, an accurate
examination of the maxillary sinus is critical and also
in various dental branches. Computed tomography
(CT) is considered the diagnostic method of choice and
the gold standard for maxillary sinus examination [,

Thanks to the introduction of CBCT with a lower
radiation dose, a dramatic shift occurs in the use
of CBCT for maxillary sinus examination [,

Cone-beam computed tomography also offers high-
resolution images, isotropic volumetric data, multiplanar
images, highly accurate and reproducible linear, angular,
volumetric measurements, and the possibility to limit
imaging to specific areas of interest with further dose
reduction 12141,

The radiographic image of thickened mucosa appears
as a well-defined radiopaque band, parallel to the
sinus bony walls P51l The thickening of the maxillary
sinus mucosa is a typical observation in everyday
dental practice in both symptomatic and asymptomatic
patients.  Pre-operative assessment of the maxillary
sinus including the bony walls and the mucosal lining
thickening is a mandatory step before any surgical
procedure involving the posterior maxillary region ™.

According to Naitoh et al. 2009 sinus mucosal lining
thickening may cause problems for surgeons when
planning sinus floor elevation (SFE)!'®. Anavi et
al. 2008 reported that treatment of any pathological
condition that causes sinus lining inflammation is
necessary before sinus lift augmentation which is usually
performed when little bone height is available for
implant insertion in the maxillary posterior region 5171,

Due to the close proximity of the posterior teeth roots
to the maxillary sinus floor, the odontogenic infection
presents 10- 12% of the causes of maxillary sinusitis
(18- 211 Periapical abscesses, periodontal disease, dental
trauma, teeth extraction, and dental implants are
thought to enhance the risk of maxillary sinusitis 2%,

Many studies were found in the literature searching
for the association or the correlation of different
dental conditions affecting the maxillary teeth
approximating the maxillary sinus floor with mucosal
sinus thickening in different populations [ 22- 28 and
only one study was found on Egyptian population 2.

Therefore, the present work aimed to study the association
of maxillary sinus mucosal lining thickening with
different dental conditions using cone-beam computed
tomography in a sample of the Egyptian population.

MATERIALS AND METHODS

A cross-sectional study was performed as a retrospective
analysis on CBCT scans of Egyptian patients seeking
dental treatment. The scans were retrospectively collected
from the database of Oral and Maxillofacial Radiology
Department, Faculty of Dentistry, Cairo University, Egypt

in the period from May 2021 to October 2021. The age
range of the patients was (20- 78 years). All the scans
were acquired using the CBCT Planmeca Promax 3D MID
(Proface) machine (Asentajankatu, Helsinki, Finland)
with exposure parameters 90 kVp, 10 mA, 14 s, and
200 x 60 mm field of view with a 0.4 mm voxel size.

Sample size calculation was performed based on the
association between periodontal disease and sinus
mucosal thickening as the primary outcome. Depending
on the results of Shahidi et al (2016) B%, the Odds Ratio
for this association was 14.39 and the prevalence of
patients with periodontal disease and mucosal thickening
>1 mm was 52.2%. Using alpha (o) level of (5%), the
minimum estimated sample size was 41 subjects. Sample
size calculation was performed using G*Power version
3.1.9.2 software (Franz Faul, Universitat Kiel, Germany).

The calculated sample size was raised to 159 cases (92
females and 67 males) with mean age of (38.30+13.69)
years, as increasing the sample size can cause a rise
in the study power and a decrease of the degree of
uncertainty B!,

The study included maxillary CBCT scans of Egyptians
with known demographics (name, age, sex), as well
as the reasons for scanning. The scans were of good
clarity and clearly showed the inferior portion of the
maxillary sinus, the maxillary sinus floor, the maxillary
posterior teeth, and each left and right side must have
at least one first and second molar or second premolar.

Any scan showing signs of non-odontogenic sinusitis,
developmental problems, trauma, bony changes of cystic
or neoplastic lesions in the posterior area of the maxilla
and/or maxillary sinus, or scans with metallic artifacts
obscuring the visibility of the maxillary posterior teeth
or the inferior part and floor of the maxillary sinus were
excluded.

The sample was divided into four age groups < 30, from
31-40, 41-50, > 50. Then the scans were coded, and the
patients' age and sex were concealed from the author with
the help of a colleague. Image analysis was performed
using Planmeca Romexis Viewer Launcher version 4.6.2.R,
installed on a personal computer. Corrected coronal and
sagittal images with 0.4 mm thickness were used for
assessment of the condition of the second premolar, first
and second molar bilaterally as well as the thickness of
the sinus mucosa related to each of the mentioned teeth.

Assessment of teeth condition: The targeted teeth were
assessed for the following: if the tooth is present or
missing, the presence of periapical lesion, the presence of
root canal filling, the presence of periodontal bone loss and
its severity, the presence of dental caries and the presence
of dental filling.
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The following steps were used to evaluate the peri-
odontal condition: The normal alveolar crest was be-
lieved to be 2 mm apical to the cemento-enamel junc-
tion (CEJ)32. The distance between the spot 2 mm
apical to the CEJ and the crest of the alveolar bone was
measured at the mesial and distal sides of each tooth.
In addition, we divided periodontal bone loss into three
categories: Mild: 25 percent bone loss, Moderate :

25-50 percent bone loss, and Severe: > 50 percent bone
loss 124 33,341

Assessment of mucosal thickening: The thick-
ness of the mucosa was measured in millimeters
from the sinus floor to the highest border perpendicu-
lar to the underlying bone P! as shown in (Figure 1).
Categorization was based on the classification pro-
posed by Sheikhi [9; this classification divided the
MT into 5 classes; 1. MT less than 1 mm; 2. 1-3 mm;
3. 3-6 mm; 4. 6-10 mm and 5. More than 10 mm

A single investigator assessed all of the scans.
The investigator assessed and measured 10 randomly
selected scans twice on two distinct days to calibrate and
determine intra-examiner reliability (mean difference =
0.011 _ 0.04 mm).

Finally, CBCT scan findings, including the teeth condi-
tion and mucosal membrane thickness for each tooth
were tabulated in an Excel sheet with the demographic
data, including age, gender and indication for scan-
ning after unveiling the codes by the same colleague.

Statistical analysis

Numerical data were presented as mean and standard de-
viation values.

Categorical data were presented as frequency and percent-
age values and were analyzed using Fisher’s exact test.

Binomial logistic regression analysis was used to
study the effect of different variables on MT occur-
rence. The significance level was set at p<0.05 within
all tests. Statistical analysis was performed with R sta-
tistical analysis software version 4.1.2 for Windows P,

RESULTS

Mucosal thickness was detected in 122(76.7%) cas-
es, 25(20.5%) of which were found on the right side,
27(22.1%) were found on the left side and 70(57.4%) were
found bilaterally.

The mucosal lining was 1-3 mm thick in 35(28.7%) cases,
3-6 mm in 34(27.9%) cases, 6-10 mm in 18(14.8%) cases
and more than 10 mm thick in 35(28.7%) cases (Table 1).
Associations between MT occurrence and different demo-
graphic and dental variables presented in table (2) and in
figure (2) were all statistically not significant (p>0.05).

A binomial logistic regression was performed to as-
certain the effect of different demographic and den-
tal variables on the occurrence of MT. The model
was statistically significant, ¥2 (11) =22.66, p=0.020.
It explained 13.3% (Nagelkerke R2) of the wvari-
ance in MT occurrence and correctly classified
(78.6%) of cases. Sensitivity was (97.5%), speci-
ficity was (16.2%), positive predictive value was
(79.3%) and negative predictive value was (66.7%).
Results of the model presented in table (3) showed
that age, sex, presence of periapical lesion and den-
tal caries all had a significant effect on MT occurrence
(p<0.05). It was found that a year increase in age in-
creased the odds of MT by 1.05, males had 2.86 higher
odds of having MT than females, presence of periapical
lesion increased the odds of MT by 6.38, and the pres-
ence of dental caries increased the odds of MT by 2.87.
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Table (1): Prevalence of MT

Measurement Treatment n %
No 37 23.3%
Incidence of MT
(n=159) Yes 122 76.7%
MT distribution Unilateral Right 25 20.5%
(n=122)
Left 27 22.1%
Bilateral 70 57.4%
MT classification 1-3 mm 35 28.7%
(n=122)
3-6 mm 34 27.9%
6-10 mm 18 14.8%
More than 10 mm 35 28.7%

Figurel: Coronal and sagittal images showing measurement of the MT for two different scans.
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Table (2): Association between MT occurrence and different demographic and dental variables

Parameter

Sex

Age

Periodontitis

Periodontitis

severity

RCT

Periapical lesion

Missing teeth

Dental filling

Dental caries

Value No MT MT
n Y% n %

Female 26 70.3% 66 54.1%
Male 11 29.7% 56 45.9%
Less than or 30 16 43.2% 32 26.2%
31-40y 12 32.4% 41 33.6%
41-50y 2 5.4% 25 20.5%
50 or more 7 18.9% 24 19.7%
No 22 59.5% 82 67.2%
Yes 15 40.5% 40 32.8%
None 22 59.5% 82 67.2%
Mild 4 10.8% 8 6.6%
Moderate 9 24.3% 21 17.2%
Severe 2 5.4% 11 9.0%
No 28 75.7% 93 76.2%
Yes 9 24.3% 29 23.8%
No 34 91.9% 94 77.0%
Yes 3 8.1% 28 23.0%
No 17 45.9% 54 44.3%
Yes 20 54.1% 68 55.7%
No 31 83.8% 101 82.8%
Yes 6 16.2% 21 17.2%
No 26 70.3% 64 52.5%
Yes 11 29.7% 58 47.5%

p-value

0.090

0.077

0.432

0.523

0.057

0.853

0.061
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Figure (2): Bar chart showing the association between MT occurrence and different demographic and dental variables.

Table (3): Regression analysis

Odds ratio 95%CI p-value

Variables Regression SE Wald df  Odds ratio
coefficient Lower Upper 0.028*
Age 0.05 0.02 4.81 1 1.05 1.01 1.09 0.021*
Sex (Male)1l 1.05 0.45 5.34 1 2.86 1.17 6.98 0.018*
Periapical lesion (Yes)2 1.85 0.79 5.56 1 6.38 1.37 29.77 0.585
Periodontitis (Yes)2 -0.55 1.01 0.30 1 0.58 0.08 4.17 0.819
Periodontitis severity -0.11 0.50 0.05 1 0.89 0.34 237 0.022*
Dental caries (Yes)2 1.05 0.46 5.28 1 2.87 1.17 7.06 0.973
Dental filling (Yes)2 -0.02 0.59 0.00 1 0.98 0.31 3.11 0.728
Missing teeth (Yes)2 -0.17 0.50 0.12 1 0.84 0.32 223 0.114
RCT (Yes)2 -0.93 0.59 2.50 1 0.40 0.13 1.25 0.114

SE=Standard error; df =degree of freedom; CI = confidence interval; *; significant (p < 0.05) 1-Female is reference category, 2- No or absence is reference
category
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DISCUSSION

This study was planned to assess the association of
maxillary sinus mucosal lining thickening with different
dental conditions using CBCT. CBCT scans were chosen
according to the inclusion and exclusion criteria previ-
ously mentioned in the methodology chapter. The age of
the patients who took part in the research started from
20 years because it is the estimated age when the max-
illary sinus growth stops P9, further second premolar,
first and second molar teeth were chosen for assessment
due to their close approximation to the sinus floor 37381,

Different cutoff values for mucosal thickness were
used by authors in the literature. Savolainen et al
considered mucosal thickening if more than 6mm
and Vallo et al considered mucosal thickening start-
ing from 3-6mm but both studies were using Waters'
view and panoramic radiographs respectively [B% 40,
Later studies performed on CBCT images used different
values; Ren et al followed by Lathyiya et al considered
mucosal thickening greater than or equal to 2mm to be
pathologic while Janner et al, Yoo et al, Lu et al, Shan-
bhag et al, Bulut et al and Aksoy et al used more than
2mm as the starting point for their measurements
8. 24.25.28, 3541431 Shahidi et al considered MT greater than
Imm in their study B,

The mucosal lining of the paranasal sinuses is general-
ly less than Imm thick and cannot be seen on imaging.
When the mucosa thickens as a result of inflammation,
it can expand in thickness by 10 to 15 times, which can
be seen on imaging. Our study considers mucosal thick-
ness equal to or more than 1 mm based on this conclu-
sion [ 2% 344445 The geverity is classified into four
groups as follows: (1-3 mm), (3-6 mm), (6-10 mm) and
more than 10 mm as proposed by Sheiki et al 2014 3,

Regarding the prevalence of MT; studies that used the
same value for MT measurements showed different results.
Ezzat et al found that 68 % of patients have MT which
is considered an almost similar to our results which may
be due to that both studies were on Egyptian population
but caution should be considered when applying this re-
sult on Egyptians as our study considered the tooth as a
unit of analysis during measurements while Ezzat et al
consider the patient as a unit of analysis and based on
Scheutz et al; The choice of unit of analysis can have
a significant impact on the outcome of statistical studies
and, as a result, the research conclusion %49, The same
cause in addition to the different populations studied may
be the explanation of the different results of Phothik-
hun et al. who found MT in 42% of patients and Sheiki
et al who found MT in 39.4% of patients although the
same definition of MT was used by the four studies [>34,

Binomial logistic regression of our results demonstrated
that sex had a significant effect on MT occurrence with
males had 2.86 higher odds of having MT than females.
This agrees with the results of many papers who found
higher prevalence of MT among males [2!530343341-
434791 They attributed their result to the higher
frequency of pathologic dental findings in males than
females which leads to irritation of the sinus mucosa.
Pazera et al, reported that there was no difference
between the two genders in mucosal thickening B
The variance between our result and the other studies
may be due to different populations, different selection
criteria of the sample, ethnic differences among the
studied populations and differences in the indications
of CBCT scans that were included in the study.

Regarding the effect of age on MT, similar results
have been reported previously by Aksoy & Orhan,
Goller-Bulut et al, Lathiya et al, Shahidi et al Pho-
thikhun et al, Lu et al and Shanbhag et al who found a
significant association between age and sinus MT.

As age increase, the prevalence of MT increase and this
may be accredited to the cumulative effect of irritations
and dental discases as the age increase and to the ef-
fect of pneumatization which increases with age leading
to the spread of infection to the maxillary sinus through

the porous maxillary bone, causing mucosal thickening
[8,24,28,30,34,42,43]

However, there are also some contrary results; Rege et al,
Nascimento et al detected no influence of age on the occur-
rence of sinus abnormalities ['*?!, This may be clarified by
the findings of Tian et al who found that the distances from
maxillary premolars and molars to the neighboring bor-
der of the sinus floor increased with age and consequently
MT in elderly people may not be related to dental condi-
tions B, The dissimilarities between the studies may be
due to different classification of MT, different age group-
ing of the sample and difference in the distance between
the teeth root apex and sinus floor between individuals
that leads to the same dental condition may have differ-
ent effects according to the location of the dental problem.

According to the current study's findings, there was a
non-statistically significant association between peri-
odontal bone loss and MT. This was in agreement with
Janner et al and Sakir & Ercalik 352 Patients free of
periodontitis 82(67.2%) had a higher percentage of MT
occurrence than periodontitis cases 40(32.8%). Among
periodontitis cases, cases with moderate periodontitis had
the highest MT incidence 21(17.2%). In contradiction
of our results, Shahidi et al and Sheiki et al found a sig-
nificant association between PBL and sinus MT but Sha-
hidi et al found that there was no significant correlation
between periodontal disease severity and sinus MT ['539,
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Phothikhun et al, Ren et al and Goller-Bulut et al found
a significant association between periodontal disease and
sinus MT 2425341 Phothikhun et al, Ren et al, Goller-Bu-
lut et al and Ezzat et al found a positive correlation be-
tween MT and degree of PBL 2422341 The literature's
findings for such an association are controversial, which
could be related to discrepancies in the definitions of
MT and periodontal disease, as well as their severity.

We showed that there was a non-statistically significant
association between root canal treatment and MT. Cases
that were not endodontically treated had higher percent-
age of MT occurrence 93(76.2%) than cases with RCT
29(23.8%). This is in agreement with Phothikhun et al and
Janner et al B*¥. In contrary to Shahidi et al who signifi-
cantly observed MT in patients with root canal filling 5.
This dissimilarity may be attributed to those studies didn’t
consider the history of the endodontically treated tooth,
quality of endodontic filling and proximity of the root tip
to the sinus floor.

The presence of dental fillings was found to be associated

with MT in a non-statistically significant way. Cases with
no dental fillings had higher percentage of MT occurrence
101(82.8%) than cases with fillings 21(17.2%). Our result
was in agreement with Shahidi et al who conveyed no
significant association between dental fillings and the fre-
quency of MT and against Goller-Bulut et al who reported
that teeth with crowns was significantly related with MT
124301 This contradiction may be due to that during image
analysis, any tooth with no dental filling was ranked as
‘absent’ in the excel sheet without taking into consider-
ation whether it is intact tooth or affected by any other
dental problems.

Resembling the present study Aksoy et al, Sheiki et al, ,
Goller-Bulut et al, Ezzat et al, Lu et al, Shanbang et al, Sa-
kir & Ercalik and Bornstein et al found that mucosal thick-
ening was more frequently observed in relation to teeth
with periapical lesions and dental caries [815:24294243.52.53]
This finding may be attributed to tissue damage after pulp
necrosis and bacterial invasion to the maxillary sinuses
that become a possible source of sinus mucosal inflam-
mation. This is in contrary to Rege et al, Phothikhun et
al and Janner et al who found that periapical lesions were
not associated with mucosal thickening of the maxillary
sinus 1334331 This dissimilarity might be accredited to dif-
ferences in race or age, carious lesion, periapical lesion
sizes and proximity of periapical lesion to the sinus floor.

Few studies were found studying the association be-
tween missing maxillary posterior teeth and sinus MT.
Our results are consistent with, Aksoy et al and Block
and Dastoury who reported that removal of problem-
atic teeth reduced, but did not totally alleviate, sinus
membrane thickening ¥4, It might be one of the rea-
sons for the increased occurrence of MT in edentulous
maxilla or that the patient had periapical illnesses that

caused maxillary sinus mucositis prior to extraction.
Yoo et al reported that the thickness of the sinus mu-
cosa at the sites of tooth extraction due to periodontal
disease was found to be higher than at the sites of tooth
extraction due to pulpal disease and tooth fracture !,
In our retrospective study, we had no data about
the patient’s case history including history of non-
odontogenic sinusitis or history of missing teeth,
so future studies with reporting the teeth status be-
fore extraction and the condition of sinus mucosa af-
ter extraction is highly recommended. Additionally,
we lacked clinical data on the teeth's periodontal and
periapical conditions, there was no sinus examination
or survey available for the individual's sinus condition,
and the patient group was limited to a single institution.

CONCLUSION

Within the scope of this study's limitations, thick-
ening of the mucosa of the maxillary sinus was
prevalent among dental patients. When reviewing
regular patient imaging scans, a thorough interpreta-
tion of the total volume acquired in CBCT images,
including the entire maxillary sinus, is crucial for the
dentomaxillofacial radiologist. Multiple conditions like
age, sex, periodontal status, periapical status and pres-
ence of caries should also be considered during the ex-
amination and subsequent treatment planning by the
surgeon due to their effect on the mucosal sinus lining.
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