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Introdouction: Cone Beam Computed Tomogra-
phy (CBCT) is a relatively new three-dimensional 
imaging technology, which has been widely used 
in dental and maxillofacial imaging.
Materials and methods: CBCT scans of 506 max-
illary sinuses of 253 individuals (39.9% male and 
60.1% female) were evaluated retrospectively 
for assessing the relationship between sinus mu-
cosal thickening (MT) and dental and periodontal 
status. Thickening >1 mm was considered patho-
logical and was categorized by degree (2 = 1–3 
mm; 3 = 3–6 mm; 4 = 6–10 mm; 5 = more than 
10 mm). The statistical analysis was performed 
to determine the association between MT of the 
sinus and the dental and periodontal status.
Results: MT was observed in 102 patients 
(40.3%; mean=7.01 ± 6.07mm), of which 13.7% 
were  second degree, 25.5% were third degree, 
25.5% were fourth degree, and 35.3% were fifth 
degree. Periodontal disease was seen in 168 pa-
tients (66.3%), of whom 110 (65.5%) had mild dis-
ease, 44 (26.2%) had moderate disease, and 14 
(8.3%) had severe disease. Ninety-seven patients 
(52.2%) who had MT were 2.84 times more likely 
to be have periodontal disease, and there was a 
statistically significant relationship between per-
iodontal disease and sinus MT (P=0.001). Multi-
variate analysis revealed an odds ratio of 14.39 
for MT in the patients with periodontal disease. 
Bivariate and multivariate statistical analyses; 
were used  for the assessment of dental and per-
iodontal status.
Conclusion: A retrospective inspection of CBCT 
images revealed that the prevalence of maxillary 
sinus MT was positively associated with perio-
dontal disease, gender, and age. In addition, per-
iodontal disease seems to be the most important 
parameter influencing mucosal thickness.
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of sinusitis, and basal mucosal wall thickening 
was more common in patients with decayed and 
dead teeth compared to patients with healthy 
teeth. In a large retrospective study, 831 patients 
were evaluated.(9, 10) The results showed that 
of the 469 sinuses with membrane thickening, 
210 were adjacent to unhealthy teeth, 233 were  
adjacent to healthy teeth, and 26 were in edentu-
lous maxillae. Therefore, they concluded that the 
prevalence of sinus membrane thickening was 
almost equal in association with unhealthy and 
healthy teeth, and the removal of unhealthy teeth 
decreased but did not completely resolve sinus 
membrane thickening.(12)

Due to the advantages of CBCT over traditional 
CT and the importance of associations of sinus 
mucosal thickening (MT) with dental and per-
iodontal status, especially in posterior maxilla  
surgeries,(12), this study was designed to deter-
mine the association between mucosal thick-
ening of the maxillary sinus and dental and  
periodontal status using CBCT imaging.

Evaluation of the Association of Sinus Mucosal Thickening with Dental 

 Introduction
The maxillary sinuses are air cavities connected 
to the nasal cavity by an ostium. A thin respira-
tory mucous membrane of about 1 mm thickness 
covers the sinuses. A healthy mucous membrane 
of normal thickness is not generally captured 
by radiography. However, infectious or allergic 
processes can make the membrane 10–15 times 
thicker, and it may be seen in radiography.(1)  

Dental pathologies (periapical lesions, tumors, 
and cysts) are related to maxillary sinus pathol-
ogies. Radiography is often used to diagnose 
diseases of the maxillary sinus. It is necessary 
to evaluate the sinus for anatomic variabilities 
of bony structures and sinus pathologies before 
posterior maxillary surgery.(2, 3) This evaluation 
should focus on the verification of bone quantity 
and quality, the periodontal status of the adjacent 
dentition, the presence of sinus problems, and 
history of tooth pain.(4) Panoramic radiograph, 
Water’s view, computed tomography (CT)  
scan, magnetic resonance imaging (MRI), and 
cone-beam computed tomography (CBCT) 
scanning can depict maxillary sinuses. The gold 
standard for maxillary sinus examination is CT; 
nevertheless, high costs and radiation expo-
sure are limitations of CT imaging for dental  
purposes.(5, 6) 

CBCT does not have the limitations of regu-
lar CT and is faster and safer, making it a good  
alternative in dental imaging. CBCT imaging 
has the unique ability to produce clear images of 
different types of tissue (soft tissue, bone); this 
makes it the chief imaging method used for max-
illary sinus assessment. CBCT makes diagnosis 
easier by providing three-dimensional infor-
mation, including morphology of the anatomic 
structures. Images of CBCT are in different sec-
tions (axial, sagittal, and coronal), which reduces 
the superimposition of anatomic structures and 
helps to improve the clinician’s concept of the 
whole anatomical structure of the tissue.(7, 8)

Many studies around the world have evaluat-
ed the relationship between the maxillary teeth 
and the maxillary sinus using CBCT.(9, 10) For 
example, Brüllmann et al.(11) evaluated the cor-
relation of CBCT findings in the maxillary si-
nus with dental diagnoses in 204 patients. They 
concluded that there was a significant associa-
tion between periodontitis and radiological signs 

 Materials and Methods
The study was retrospectively performed on 
consecutive CBCT images of patients who were 
referred to our private maxillofacial radiology 
clinic by dentists to undergo CBCT imaging due 
to issues including developmental disorders, 
preimplant site evaluation, paranasal sinus dis-
eases, and trauma, from March 2011 through 
April 2015. The study protocol was approved 
by the institutional review board (IRB) of Shiraz 
University of Medical Sciences and the approval 
of the Ethics Committee was received before the 
study commenced (registration number 8874).
Inclusion criteria consisted of all consecutive 
CBCT scans of the bilateral maxillary sinus 
where gender, age, and indication for scanning 
had been recorded and the quality of the imag-
es were good. No patients were excluded from 
this consecutive series; CBCT scans of patients 
with developmental problems or trauma were  
excluded.
A total of 253 CBCT scans were reviewed by 
an oral and maxillofacial radiologist and a sen-
ior resident of oral and maxillofacial radiology 
who had considerable experience in CBCT in-
terpretation regarding sinus MT and dental and 
periodontal status. Finally, findings of the CBCT 
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severity of periodontal disease was character-
ized by the amount of bone loss assessed (mild = 
<25% bone loss, moderate = 25–50% bone loss, 
severe = >50% bone loss).(13)

The presence or absence of MT in the floor of 
the maxillary sinus was evaluated in cross sec-
tional, tangential, and panoramic views. In each 
case, the MT was measured in 6 points exactly 
located over the medial and distal sides of the 
second premolar and the first and second molar 
teeth from the sinus floor to the highest border of 
the mucosa. For each point, MT was considered 
to be a thickness of more than 1 mm]. 
Data were analyzed using SPSS ver.17 (SPSS 
Inc., Chicago, IL, USA). Data were first analyz-
ed descriptively (frequencies, means, and stand-
ard deviations), and associations between varia-
bles were evaluated using the Pearson chi-square 
test. Binary logistic regression analysis was used 
to determine odds ratios (ORs) . A p-value of less 
than 0.05 was considered significant.

scans and individual factors including gender, 
age, and indication for scanning were recorded 
in a data gathering form. In order to obtain the 
values for the present evaluation, dental and per-
iodontal status were defined as having periapical 
lesions, dental filling, root canal filling, perio-
dontal diseases, and extracted posterior teeth.
Periapical lesions were evaluated based on im-
aging from the coronal, tangential, and sag¬ittal 
views and were defined as radiolucencies associ-
ated with the apex of the teeth (Figure 1). 
Periodontal disease was assessed based on  
imaging from the coronal, tangential, and  
sagittal views and was defined as alveolar bone 
loss around the teeth. When the alveolar crest 
was 2 mm under the cemento-enamel junction 
(CEJ), it was considered normal. For computing 
the amount of periodontal bone loss, the distance 
between the point 2 mm under the CEJ and the 
crest of the alveolar bone was measured at the 
mesial and distal sides of each tooth. In addition, 

 Result
This study included the CBCT images of 506 
maxillary sinuses of 253 individuals (39.9% male 
and 60.1% female) with the mean age of 44.2 ± 
15.3 (range 18–75) years. MT was found in 102 
patients (40.3%), and 60 nt of MT was considered 
in each patient. In addition, the mean mucosal 
thickness was 7.01 ± 6.07 (range 1–31.9) mm. 
The amount of MT was also classified into five 
groups based on a previous research performed 
by Phothikhun et al (14): 1 = MT less than 1 mm; 
2 = 1–3 mm; 3 = 3–6 mm; 4 = 6–10 mm; and 5 
= more than 10 mm. Frequency of patients based 
on laterality and MT classification are shown in 
Table 1. The mean age of the patients with MT 
was significantly higher than those without MT

(46.6 ± 15.9 years vs. 42.5 ± 14.8 years, P=0.03), 
and 58.3% of patients older than 60 years had 
sinus MT. According to the Pearson chi-square 
test results, there was a statistically significant 
relationship between gender and sinus MT. Si-
nus MT had a higher prevalence in males than 
in females (52.2% vs, 32.2%, P=0.001). Further-
more, the mean sinus MT was significantly high-
er in males than females (4.1 ± 2.3 vs. 1.9 ± 1.1, 
P =0.001). The dental and periodontal status in 
relation to sinus MT was assessed by means of 
Pearson chi-square test (Table 2).
Periodontal disease was observed in 168 patients 
(66.3%), of whom 110 (65.5%) had mild disease, 
44 (26.2%) had moderate disease, and 14 (8.3%) 
had severe periodontal disease. Ninety-seven pa-
tients (52.2%) with periodontal disease had MT, 

Figure 1. Mucosal thickening in the left maxillary sinus floor associated with the periapical lesion of the first molar 
tooth; reconstructed panoramic view (a), coronal section (b).
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between the severity of periodontal disease 
and sinus MT (P = 0.1). Sinus MT was more  
frequently observed in relation to the site of 
tooth extraction (P =0.005). Periapical lesions 
and root fillings were significantly observed in 
the patients with sinus MT (Figure 2) 

and there was a significant association between 
periodontal disease and sinus MT (P =0.001). 
However, there was no significant correlation 
between the severity of periodontal disease and 
and there was a significant association between 
periodontal disease and sinus MT (P =0.001). 
However, there was no significant correlation 

Figure 2. Mucosal thickening in the right maxillary sinus floor adjacent to the endodontically treated second premolar 
tooth; reconstructed panoramic view (a), coronal section (b).

Table 1. Prevalence of sinus mucosal thickening (MT) of 
the study patients

MT status Patients with MT (n=102)
MT side
Left 14 (13.9%)
Right 16 (15.6%)
Bilateral 72 (70.5%)
MT classification
1-3 mm 14 (13.7%)
3-6 mm 26 (25.5%)
6-10 mm 26 (25.5%)
More than 10 mm 36 (35.3%)

(P =0.008, P =0.004, respectively); however, no 
significant association was observed between 
dental fillings and the frequency of MT (P =0.1).
Binary logistic regression analysis showed that 
sinus mucosal thickness >1mm was 14.39 times 
more likely to be associated with periodontal 
disease (OR = 14.39, P < 0.001) and was nearly 3 
times more common in males and patients aged 
over 60 years (OR = 2.84, P = 0.001, OR = 3.03, 
P = 0.004, respectively). However, there was no 
association with other dental and periodontal sta-
tuses. Results of the regression analysis are pre-
sented in Table 3.

Table 2. Associations between study variables and sinus mucosal thickening

Variable
Mucosal thickening P value

Absent (<1 mm) Present (>1mm)

Gender
Male 48 (47.5%) 53 (52.5%)

0.032
Female 103 (67.8%) 49(32.2%)

Age

18-30 y 44 (69.8%) 19 (30.2%)

0.1
31-45 y 38 (54.3%) 32 (45.7%)

46-60 y 49 (68.1%) 23 (31.9%)

>60 y 20 (41.7%) 28 (58.3%)

Dental filling
Absent 72 (65.5%) 38 (34.5%)

0.004
Present 79 (55.2%) 64 (44.8%)

Root filling
Absent 127 (61.9%) 90 (38.1%)

0.008
Present 24 (42.9%) 32 (57.1%)

Periapical lesion
Absent 146 (61.9%) 90 (38.1%)

0.005
Present 5 (29.4%) 12 (70.6%)

Extracted posterior teeth
Absent 124 (64.46%) 68 (35.4%)

0.001
Present 27 (44.3%) 34 (55.7%)

Periodontal diseases
Absent 62 (92.5%) 5 (7.5%)

Present 89 (47.8%) 97 (52.2%)
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Ainamo found a prevalence of 70% for sinus 
MT. (1) They did not consider a baseline for 
maxillary sinus MT; their theory was the exist-
ence of diffuse radio-opacity along the maxil-
lary sinus walls. In another study, Vallo et al.(24)  
reported the existence of MT when it was a 3–6 
mm thick-radiopaque band along the wall of the 
sinus and found MT in 37% of patients. 
In addition, Janner et al.(22) and Goller-Bulut et 
al.(25) respectively reported a prevalence of 37% 
and 33.8% for MT when it was defined as more 
than 2 mm. Therefore, these differences in the 
definition of MT may contribute to variations in 
reports of MT prevalence. 
After dental decay, periodontal disease is the 
second most common dental disease in the 
world. The prevalence of this disease is about 
30%–50% of the population in the United States, 
although the severe forms account for approxi-
mately 10%. (26) In the present study, periodontal 
disease was found in 66.3% of patients. This is 
higher than other international figures; howev-
er most of those studies (65.5%) looked only 
at mild periodontal disease, and only 8.3% of  
patients in our study presented with severe peri-
odontal disease. Undoubtedly, our finding is dif-
ficult to interpret and could result from the small 
number of patients; hence, we need multi-center 
studies in a greater population to know the exact 
prevalence of periodontal disease in our society.
According to the results of our study, perio-
dontal disease is significantly associated with 
MT (P=0.001). Moreover, multivariate analysis  
revealed an OR of 14.39 for MT in patients with 
periodontal disease. Consistent with our results, 
Phothikhun et al.(14) reported that periodontal  
disease was significantly associated with MT, es-
pecially in severe periodontal disease (OR=3.02, 
P <0.001). Odds ratios between 2.5 and 31.8 for 
MT in relation to various degrees of periodontal 
disease were reported in previous studies (11, 14, 24, 

27), whereas this relationship was not significant 
in other studies.(22, 28) Perhaps one of the reasons 
for this inconsistency is differences in the defi-
nitions of MT and periodontal disease and their 
severity. 
There was a significant correlation between MT 
and age (P=0.03), and the mean age of the pa-
tients with MT was about four years higher than 
patients without MT. Furthermore, multivariate 
analysis demonstrated an OR of 3.03 for MT in 

Variable OR 95% CI P value
Sex

Male 2.84 1.54-5.26 0.001

Age

>60 y 3.03 1.41-6.52 0.004
Root filling

Present 1.58 0.77-3.24 0.2
Periapical lesion

Present 1.69 0.51-5.61 0.38
Extracted posterior 
teeth
Present 1.55 0.77-3.13 0.21
Periodontal diseases

Present 14.39 5.13-39.32 < 0.001

Table 3. Multivariate analysis to determine factors 
associated with sinus mucosal thickening >1 mm

Anatomic structures in the mouth are seen in 
high resolution and more details are visible 
with CBCT scanning. Some studies have re-
ported higher accuracy of CBCT scanning in 
comparison with CT scanning and conventional  
radiography in hard tissue and endodontics.(15, 16) 

In the present study, we attempted to clarify the 
possible re¬lationship between MT of the max-
illary sinus and dental and periodontal status us-
ing  CBCT  imaging. 
In our study, 40.3% of patients were found with 
maxillary sinus MT. This is similar to the numbers 
reported by Phothikhun et al., (14) who found MT 
in 42% of patients, and another study that report-
ed a prevalence of 39.4%. (17) Both studies used 
CBCT imaging and defined the MT as >1 mm. In 
comparison, MT in 60% and 83.2% of patients 
were reported from two study based on comput-
ed tomography scanning. (18, 19) Moreover, an MT 
prevalence of 50% was reported from a study 
based on MRI. (20) This variation could originate 
from the differences in race or age as well as the 
different diagnostic techniques used. The normal 
thickness of the maxillary sinus mucosa is about 
1 mm and a mucosal thickness of >1 mm was 
considered as evidence of MT (14). CBCT stud-
ies have reported a prevalence between 37% and 
62% using MT thresholds of >1mm (21), >2mm 
(22), and >3mm. (23) The demarcation of normal 
mucosal thickness is varied throughout the liter-
ature, so the prevalence of the MT can change in  
accordance with the definition. Soikkonen and 

  Discussion
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history about the dental and periodontal status 
and sinus problems in the patients. It seems that 
further multi-center prospective studies corre-
lating clinical and radiographic findings are re-
quired to confirm these results.

patients older than 60 years. This is similar to 
that reported by Yu Lu et al.,(9) who showed that 
patients older than 60 years of age were the most 
likely to present with MT.
In our study, a higher prevalence of MT was ob-
served among males (P=0.001), and the mean 
MT in males was significantly higher than in fe-
males (4.1 ± 2.3 Vs 1.9±1.1, P=0.001). Further-
more, MT was nearly three times more common 
in males (OR = 2.83). This was concordant with 
the results from other studies on the prevalence 
of MT.(17, 22, 25, 28)

Although bivariate analyses in our study  
demonstrated a significant association between 
MT and some dental and periodontal status-
es, including root filling, periapical lesion, and  
extracted posterior teeth, these effects were 
not seen in the multivariate analysis. Previous 
studies have reported different effects of these  
factors. However, according to previous studies, 
it is worthwhile to note that periodontal disease, 
age, and gender seem to be the most important 
parameters influencing mucosal thickness.    
There were a number of limiting factors dimin-
ishing the impact of the results, of which the  
patient population being restricted to a single  
institution is the most important. Thus, our results 
may not be representative of patients with this 
condition in Iran. In addition, only radiograph-
ic mucosal changes were evaluated, and there 
was a lack of clinical examination and accurate  

  Conclusion

Our findings revealed that patients with perio-
dontal disease and aged more than 60 years were 
respectively 14.39 and 3.03 times more likely 
to be associated with MT. In addition, mucosal 
thickness in males was 2.84 times higher than in 
females. 
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