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Highlights
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* The study revealed a correlation between the thickness of the maxillary sinus membrane and the severity

of periodontitis.

* Mucosal thickening was more evident for RHAB < 4 mm, indicating a link between alveolar bone loss and sinus

membrane thickening.

* First molars were most frequently associated with membrane thickening, highlighting the importance of monitoring

these areas in patients with periodontitis.

Introduction

Periodontal disease is a chronic infectious condition
that leads to the loss of supporting alveolar bone and
mobility of the teeth. If left untreated, it eventually results
in tooth exfoliation. Due to the intricate root architecture,
which includes the contour of the root surface, and fur-
cation, maxillary molars and premolars are more prone
to periodontal infection.! Furthermore, the roots of max-
illary posterior teeth are in the vicinity of the maxillary
sinus floor, and infections in this region may affect the
maxillary sinuses, leading to maxillary sinus mucosal
thickening.

The etiology of maxillary sinusitis can be classified
as either odontogenic or nasogenic, with the former
accounting for 10-12% of all cases.? Odontogenic maxil-
lary sinusitis is the result of the pathological interaction
of periodontal structures with the maxillary sinus mem-
brane. As maxillary molars are in close proximity to the
maxillary sinuses, the bacteria at the root tip region of the
sinus can rapidly become infected. Bacteria gain access
to the maxillary sinus through the porous alveolar bone,
causing an inflammatory reaction.

Various odontogenic conditions violate the physiological
position of the sinus membrane, leading to its increased
thickness. These conditions include periapical abscess,
periodontal disease, dental trauma, implant placement,
and tooth extraction. Periodontitis is an inflammatory
condition that can contribute to odontogenic maxillary
sinusitis, leading to Schneiderian membrane thickening.?

In dentistry, the maxillary sinus has been visualized
via panoramic radiography, Water’s view and intraoral
radiography. However, the intricate design of the oral and
maxillofacial area makes it challenging to visualize key
anatomical traits due to superimposition.*® The thickness
of the maxillary sinus membrane is difficult to evaluate
with the use of routine radiographic techniques. Since its
introduction in dentistry and maxillofacial imaging, cone
beam computed tomography (CBCT) analysis has enabled
the diagnosis of sensitive structures in multiplanar recon-
structions.® This technique also allows for an extremely
high diagnostic level, such as perfect matching with photo-
graphic acquisitions of the patient’s face, and thus enables
surgical programming to achieve even more adequate
aesthetics. The ability to perform precise cephalometric

analyses for orthodontic and orthognathic surgery pur-
poses represents a significant turning point in the ortho-
dontic diagnosis.”® Cone beam computed tomography can
be used to visualize the paranasal sinuses, peri-apical and
periodontal tissues due to its reduced radiation dosage and
isotropic volume resolution. This imaging technique is the
gold standard for sinus diagnosis, allowing for the exami-
nation of both hard tissue components in numerous sec-
tions of sinus in various planes.’

There are conflicting reports regarding the influence
of periodontal disease on maxillary sinus thickness. Few
studies have shown an association between increased
mucosal thickness (MT) and periapical and periodontal
infections.!?

Objectives

Although numerous studies have addressed the associa-
tion between periodontal disease and MT, the literature
lacks sufficient evidence to make any definitive state-
ments. Therefore, further research is necessary to compare
the severity of periodontal disease with MT. The present
study aimed to assess the thickness of the Schneiderian
membrane and correlate the results with the periodontal
disease status using CBCT.

Material and methods

Study protocol and data collection

The Institutional Ethics Committee of Vishnu Dental
College, Bhimavaram, India, approved the study protocol,
which adhered to the 2013 Declaration of Helsinki. The
CBCT data from periodontally healthy individuals and
those with clinical signs of periodontitis was collected
in the Department of Periodontics and Implantology
of Vishnu Dental College between January 2020 and
August 2021. The demographic and clinical data of the
participants was obtained from the electronic medi-
cal record management system. The three-dimensional
(3D) images in the maxillary premolar and molar regions
were reconstructed using 3D visualization and evaluated
with the SCANORA® Imaging System, v. 5.2 (SOREDEX,
Tuusula, Finland).
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Sample size

A total sample size of 231 was calculated using G*Power
software, v. 3.10 (https://www.psychologie.hhu.de/arbe-
itsgruppen/allgemeine-psychologie-und-arbeitspsychol-
ogie/gpower). The calculations were based on MT in
patients with periodontitis as the primary outcome, with
an effect size of 0.04, a 95% confidence level, and a margin
of error of 57%.

Patient selection

The Cranex® 3D imagining system (SOREDEX) was
used to obtain good quality images of the maxillary
posterior sextants. The images were taken at 90 kVp and
8 mA with an exposure length of 10 s. The pictures had
0.13-mm voxels, a field of view of 6 cm x 4 c¢cm, and a slice
thickness of 0 mm.

Participants with signs or a history of sinusitis, common
cold, rise in the body temperature, or symptoms of a viral
or respiratory infection in the previous 3 months, as well
as pregnant or lactating women, smokers, and individu-
als with a history of allergic rhinitis, bronchitis or chronic
pulmonary diseases, and radiographic signs of sinusitis or
sinus lesions were excluded from the study. Additionally,
individuals with carious teeth, endodontically involved
teeth, cracked teeth, existing dental restorations, premo-
lars and molars requiring endodontic treatment, missing
maxillary posterior teeth, the presence of any mucosal
cysts or septa, and those who underwent periodontal
therapy were excluded.

CBCT image analysis

A total of 459 CBCT images were assessed, out of which
231 images met the selection criteria and were included
in the study. The main reasons for exclusion were peri-
apical lesions, the presence of dental caries, existing den-
tal fillings or root canal treatment in posterior maxillary
teeth, radiographic signs of sinusitis, or sinus lesions. The
participants were categorized into 3 age groups based
on the availability of CBCT images within the study
period (i.e., from January 2020 to August 2021), as fol-
lows: 20—-35 years; 36—50 years; and >50 years. All images
of maxillary molars and premolars were examined in the
coronal view to assess MT and the remaining height of the
alveolar bone (RHAB) with the use of 3D imaging equip-
ment. The type of defects and the extent of bone loss were
examined in a panoramic view.

Maximum MT measurement

The floor of the maxillary sinus was assessed for MT
in the coronal view, allowing the complete length of the
thickened mucosa to be examined. The thickness was
measured from the sinus floor to the highest border of the

mucosa in millimeters. The thickness of the sinus mucosa
was described as normal if maximum MT was <2 mm,
and as thickened if maximum MT was >2 mm.!°

Remaining height of the alveolar bone

The RHAB is defined as the shortest distance between
the terminal alveolar bone of the tooth root and the crest
of the maxillary sinus. Based on a study by Yoo et al,
RHAB was divided into 3 categories: <4 mm; 5-9 mm;
and 210 mm.!! The measurement was obtained by scroll-
ing over the scan of maxillary posterior teeth in the coro-
nal and sagittal planes. An orientation line was created on
the CBCT picture to represent RHAB.

Estimation of the type of defects and the
extent of bone loss

The defects were determined in the panoramic view
by scrolling over the scans (Fig. 1), and subsequently cat-
egorized into horizontal and vertical based on the rela-
tion of the crest of the alveolar bone to the imaginary
line joining the cementoenamel junction of the adjacent
teeth. The extent of bone loss was graded as mild (<15%),
moderate (15-33%) or severe (>33%), according to the
2017 Classification of Periodontal and Peri-Implant
Diseases and Conditions by the American Academy
of Periodontology (AAP).12

Fig. 1. Panoramic radiograph illustrating the extent of bone loss

Evaluation of periodontitis

Patients exhibiting generalized chronic periodontitis
with probing pocket depth (PPD) of 4 mm and clinical
attachment level (CAL) of 1-2 mm were categorized as
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healthy (mild periodontitis). Those with PPD of 6—7 mm
and CAL of 3-4 mm were classified as moderate peri-
odontitis group, and individuals with PPD > 8 mm and
CAL = 5 mm were diagnosed with severe periodontitis.
The study included first and second premolars as well as
first and second molars from each quadrant of the mouth.

Statistical analysis

The intragroup comparison was conducted using the
x? test. The Pearson correlation coefficient was used to
investigate the correlation between MT and the sever-
ity of bone loss. The evaluation of the effect of vari-
ables on MT was conducted using the multivariate lin-
ear regression analysis. The odds ratio (OR) with a 95%
confidence interval (CI) was used to present the data.
A p-value of less than 0.05 was considered statistically
significant. The IBM SPSS Statistics for Windows soft-
ware, v. 25.0 (IBM Corp., Armonk, USA), was used to
analyze the data.

Axial 0.00i%
T 0.0 mm

Fig. 2. Coronal view of the maxillary sinus with normal sinus mucosa
TH - thickness.
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Results

A total of 231 CBCT images of maxillary sinuses from
both periodontally healthy and clinically diagnosed
individuals with periodontal disease (121 males and 110
females, aged 20—63 years; mean age: 40.59 years) were
evaluated. Patients above the age of 40 were found to have
a higher prevalence of mucosal thickening. The CBCT
images of normal and thickened mucosa in the maxil-
lary sinuses are presented in Figures 2 and 3. Generalized
mucosal thickening was observed in 179 sinuses (77.5%;
p =0.000). The average MT in sinuses with mucosal thick-
ening was 4.24 mm (range: 2—14 mm). A higher frequency
of mucosal thickening was observed in female patients
compared to male patients (80.9% compared to 74.4%,
respectively) (Table 1).

In cases where the alveolar bone height was less than
or equal to 4 mm, mucosal thickening was observed in
the majority of the images (128 (89.5%); p = 0.000). The
maxillary sinus membrane was thickened in 68 CBCT
images, characterized by significant alveolar bone loss
(87.2%; p = 0.020). Mucosal thickening was considerable
in horizontal defects in 121 images, i.e., 82.9% (p = 0.001).

Fig. 3. Coronal view of the maxillary sinus with thickened sinus mucosa
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Table 1. Association between demographic variables and mucosal Table 3. Mean age, remaining height of the alveolar bone (RHAB) and
thickening of the Schneiderian membrane bone loss of the study participants in relation to mucosal thickening
of the Schneiderian membrane
Mucosal thickening
; : Mucosal
Variable absent present Variable thickening M SD Tvalue | p-value
n (%) n (%)
Age present 40.630 10.324
20-35 23(256) 67 (744) 9 0.164 0.870
Age 1747  0604-5056 [years] slsai 40290 12,983
[years] 36-50 11(14.1) 67 (85.9)
y RUAB present 2746 1659
>50 18 (28.6) 45 (71.4) 1.742  0.582-5.207 2296 0.023*
[mm] absent 3480 1636
male 31(25.6) 90 (74.4)
Gender 0435  0.175-1.081 resent 4.765 2.100
female  21(19.0)  89(80.9) Boneloss P 2134 0034*
(mm] absent 3.903 2039

OR - odds ratio; Cl - confidence interval.

The thickening was most prevalent in second molars
(83.3%), followed by first molars (82.6%), second premolars
(75.8%) and first premolars (56.7%) (p = 0.019) (Table 2).
In patients with mucosal thickening, a mean bone loss
of 4.765 +2.100 mm was observed (p = 0.034) (Table 3).
The multivariate linear logistic regression analysis
revealed that the prevalence of mucosal thickening
increased in response to the presence of periodontal dis-
ease (OR: 9.179, CI: 2.831-29.761; p = 0.000). Mucosal
thickening was more evident on the sinus floor in
cases where RHAB was <4 mm (average RHAB: 2.746
+1.659 mm) (OR = 1.292, CI: 0.00-0.041; p = 0.000). First
molars were most frequently associated with mucosal
thickening (OR = 1.050, CI: 0.311-3.541; p = 0.009)
(Table 2). The mean RHAB of 2.746 +1.659 mm was
found to be statistically significant (p = 0.023) in patients

* statistically significant (p < 0.05, independent t-test); M — mean;
SD - standard deviation.

Discussion

The causes of mucosal thickening include periodontal
disease, apical periodontitis, other odontogenic diseases,
and tooth extraction.'3-1¢ The degree of thickening serves
as a crucial factor in determining the likelihood of infec-
tion being caused by a tooth. A paucity of studies cor-
related the severity of periodontitis with maxillary sinus
membrane thickening."*!7 Furthermore, none of the
early research included any clinical exams. The purpose
of this study was to investigate the relationship between
the thickness of the Schneiderian membrane and the peri-
odontal condition of the corresponding maxillary poste-
rior teeth, the severity of periodontal disease, the extent

with MT > 4.24 mm. and type of bone loss, and RHAB.

Table 2. Association between periodontal parameters and mucosal thickening of the Schneiderian membrane

Mucosal thickening

Parameter absent present
n (%) n (%)
absent/minimal 29 (32.6) 60 (67.4) - -
Alveolar bone loss moderate 13(20.3) 51(79.7) 0.020* 0.498 0.070-3.541 0.486
severe 10(12.8) 68 (87.2) 1.249 0.167-9.349
horizontal 25(17.1) 121 (82.9) = =
Defect 0.001* 0.884
vertical 27 (31.8) 58(68.2) 0.880 0.157-4.936
o ) 0-4 15 (10.5) 128 (89.5) - -
Minimum residual
bone height 4-10 37(49.3) 38(50.7) 0.000%* 0.104 0.041-0.261 0.000%*
mm
(mrm >10 0(0.0) 13 (100.0) 1.292 0.000-0.041
healthy 30(52.6) 27 (47.4) - -
Group 0.000** 0.000**
periodontitis 22 (12.6) 152 (87.4) 9.179 2.831-29.761
first molars 12(17.4) 57 (82.6) - -
first premolars 13 (43.3) 17 (56.7) 0.180 0.050-0.651
Teeth 0.019* 0.009*
second molars 11016.7) 55 (83.3) 1.050 0.311-3.541
second premolars 16 (24.2) 50 (75.8) 0.993 0.299-3.299

* statistically significant (p < 0.05); ** highly statistically significant (p < 0.001, x? test).
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Mucosal thickening was observed in 89.3%, 50.3% and
100% of participants with mild, moderate and severe bone
loss, respectively. The results of this study are consistent
with those of previous research.! The OR of severe alveo-
lar bone loss was 1.249 (CI: 0.167-9.349; p = 0.486), sug-
gesting that the risk of mucosal thickening increases with
the severity of periodontal disease. The outcomes of the
present study concur with those of a previous investi-
gation by Phothikhun et al., who found a significant
increase, i.e., threefold, in patients with severe alveolar
bone loss compared to patients with mild bone loss.!®

In the present study, mucosal thickening was more
prevalent in females compared to males (80.9% vs. 74.4%,
respectively). However, this difference was not statistically
significant, presumably due to the inconsistency in
patient selection. This finding is in contrast to the re-
sults of the study by Vallo et al., where thickening was
more common in males, and was twice as prevalent in
males than in females (18% vs. 8%, respectively).!” The
authors examined the occurrence of oral infections as
a whole, rather than categorizing them." Similar contra-
dictory results in relation to age were reported in a study
of a Chinese population, with a prevalence of 58.3% in
males and 42.5% in females.?°

The dimensions of the maxillary sinus vary depending
on numerous factors, including the presence or absence
of teeth, the duration of edentulousness, and periapical
infection as the age of the individual increases.?! In our
sample size, with an average age of 40.59 years, mucosal
thickening was found to be most prevalent in patients aged
36—50 years. The present findings are comparable with
those reported by Ren et al., who described an increase
in the prevalence of mucosal thickening in patients aged
26—40 years and a decline thereafter.” This observation could
be attributed to the higher prevalence of aggressive forms
of periodontitis in younger individuals, which could have
led to increased thickening. However, these findings con-
tradict those reported by Shanbhag et al., who observed
a statistically significant increase in mucosal thickening in
individuals older than 60.1¢

The mean MT was 4.24 mm, with a distribution of
localized cases to molars in 55.1% and generalized cases
in 87.0% of the patients. However, Zhang et al. reported
an average MT of 4.2 +2.1 mm with generalized mucosal
thickening in all cases.! The potential reasons for this dis-
crepancy could be the strict exclusion of any pathological
cysts, tumors or overgrowths in our study.!

In the present study, mucosal thickening was more
prevalent in horizontal defects (82.9%) than in vertical
defects (68.2%). This finding contradicts the results reported
by Ren et al., who observed a greater degree of mucosal
thickening in association with vertical defects (90.2%).2°

The dense cortical bone, which exhibits variability in
thickness, usually separates the maxillary sinus membrane
and maxillary posterior teeth. On occasion, this separa-
tion is confined to the mucoperiosteum. The infection

S. Veluri et al. Periodontitis and Schneiderian membrane thickness

from the teeth has various routes to enter the sinus cavity,
including direct spread via the porous maxillary bone, as
well as spread through the vascular and lymphatic chan-
nels. Therefore, it can be suggested that the proximity
of a diseased tooth to the sinus lining is associated with
an increased probability of infectivity transmission.!??

One of the crucial criteria in the assessment of
Schneiderian membrane thickening is the gap between
the apical extent of the alveolar bone that supports
the affected tooth and the crest of the sinus or lining,
referred to as RHAB. According to Bornstein et al., the
inflammatory reaction may cause thickening of the bone
apical to periapical lesion as well as thickening of the
mucous membrane of the maxillary sinus.??> However,
very little research has been conducted to establish
a relationship between RHAB and MT."?® The maximum
thickness of the maxillary sinus mucosa was shown to be
inversely linked with RHAB in the current investigation
(r = -0.660, p = 0.046). The majority of sinus linings
(89.5%) exhibited a substantial increase in MT when
RHAB was less than 4 mm.

In the present study, MT was shown to be substantially
associated with maxillary first and second molars, as well
as second premolars, with a prevalence of 82.6%, 83.3%
and 75.8%, respectively. This is in line with the study by
Zhang et al. who examined the association between MT
and maxillary first and second molars.!

In healthy individuals, MT of the sinus membrane averages
1 mm. However, thicker sinus membranes of up to 2 mm
have been observed to be less susceptible to membrane
perforation during sinus elevation procedures. Mucosal
thickening of more than 2 mm, on the other hand, has been
positively linked with sinus membrane perforation.?#?> The
current study demonstrated a correlation between MT
and periodontitis, with respect to residual alveolar bone
height and the extent of bone loss. Furthermore, mucosal
thickening measurements exhibited statistically significant
correlations with the extent of bone loss and RHAB.

Limitations

Certain limitations must be considered when interpret-
ing the results of the study. The assessment of changes in
membrane thickness after periodontal treatment could
reveal more about the association of the disease with sinus
membrane thickening. A histological or microbiolog-
ical examination of the thickened sinus membrane could
have elucidated the association between periodontitis and
Schneiderian membrane thickening.

Conclusions

Mucosal thickening is associated with periodontitis
and is proportional to the extent of bone loss. Horizontal
defects show the highest incidence of mucosal thickening.
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The extent of alveolar bone loss and RHAB adjacent to the
infected molar are the 2 major factors related to alterations
in MT. Patients with substantial furcation involvement
should be questioned about sinus problems, especially if
the sinus is adjacent to the teeth. While the prevalence
of this type of condition is relatively low, proper evaluation
and diagnosis could help avoid consequences. In patients
considering implant placement, CBCT might be a useful
tool for detecting periodontitis-related alterations in the
sinus membrane.
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