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ABSTRACT

Background: Identification of factors affecting maxillary sinus membrane thickness would be
of practical importance in surgical planning for both implant placement and otolaryngeal surgery.
This study aimed to analyze a possible correlation between Schneiderian membrane thickness
(SMT) and gingival biotype (GB), marginal bone loss (MBL) and presence of periapical infection
(PAI) of related teeth using Cone beam computed tomography (CBCT)

Subjects and Methods: A total of fifty consecutive moderate to severe chronic periodontitis
patients were included in this cross-sectional study. The patients’ sex and age were recorded. Clinical
measurement of (GB) was performed in the premolar and first molar area, and then (CBCT) images
of patients were examined for (SMT), (MBL) and presence of (PAI) in the same area.  All
measured parameters were analyzed and graded. Then correlation between these parameters and
Schneiderian membrane thickness was evaluated.

Results: Higher percentage of severe SMT was observed in patient with thick gingival biotype
(37.3%) than those with thin biotype (33.3%) and a direct positive correlation between SMT and
MBL (r= 0.595, p<0.001) was detected. Cases with PAI showed higher mean sinus membrane
thickness (5.3+£1.97) than normal cases (2.26+1.90) (p<0.001).

Conclusion: The presence of periapical infection marginal bone loss or clinically detected
thick gingival biotype in the maxilla could be associated with thicker Schneiderian membrane, so
clinicians should be aware of these clinical and radiographic findings that could predict the sinus

membrane thickness.

KEYWORDS: CBCT, Schneiderian membrane, gingival biotype, marginal bone loss,

periapical infection.
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INTRODUCTION

The close anatomic proximity of the maxillary
sinus to the alveolar crest makes dental disease,
especially periodontal diseases and periapical lesions
a potential source for the spread of the infection
into the maxillary sinuses!'!. The sinus is lined with
a thin respiratory mucous membrane referred as
the Schneiderian membrane which adheres to the
periosteum and is about one millimeter thick!.

When the sinus mucosa comes to be irritated
membrane thickness greater than 3 mm is most
likely observed that appear in radiographic image
as a non-corticated radiopaque band, paralleling
the bony wall of the sinus. It is considered a sign
of sinusitis and possible pathologic entities in the
sinus®™. Sinus pathologies and certain medications
alter ~membrane thickness'*.  Apical
periodontitis, periodontal diseases implant treatment
and tooth extraction are thought to increase the odds
of maxillary sinusitis®®!. However data regarding

may

anatomical factors that may affect thickness of
healthy sinus mucosa is limited!”.

Detailed information about the maxillary sinus
anatomy and its anatomic variations is required in
precise surgery including implant placement and
sinus lifting procedures to prevent complications
in the maxillary posterior area®. It is difficult
to visualize important maxillary sinus anatomic
areas adjacent to the roots of molars due to the
superimposition of the adjacent structures®.
However cone beam computed tomography (CBCT)
is a three dimensional (3D) imaging modality that is
effective in revealing the etiology and relationship
between odontogenic pathologic lesions and sinus
involvement!!%l,

Recently, Aimetti et al and Deepthi et al reported
that gingival thickness seems to represent a reliable
parameter to predict sinus membrane thickness! '\,
While Khorramdel et al and Goller-Bulut et al found
that membrane thickness was significantly associated
with marginal bone loss, apical lesions, and they all
recommended further investigations!!%?!,
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The aim of the present study was to assess the
relation between sinus Schneiderian membrane
thickness and gingival biotype, the presence of
periapical lesions and marginal bone loss using

CBCT among chronic periodontitis patients.

PATIENTS AND METHODS

Patient’s Selection

Fifty consecutive patients scheduled for Phase 1
therapy were recruited from the outpatient clinic of
Oral Medicine, Periodontology, Oral Diagnosis and
Oral Radiology department at Faculty of Dentistry,
Ain Shams University.

Both genders with age range (30-60 years) and
free from any systemic disease were selected based
on the following criteria: (1) Existence of at least
second premolar and 1* molar in maxillary left or
right sides (fully erupted teeth and fully formed
apices) (2) Clinically diagnosed with moderate to
severe chronic periodontitis in maxillary premolar
and molar area with clinical attachment loss (CAL)
more than three millimeters!'®!. Pregnant females,
smokers or patients taking medication that may in-
duce gingival enlargement as well as patients who
had signs of acute infections or those with history of
developmental anomalies, previous trauma or sur-
gery involving the sinus or gingiva were excluded.

The study was designed as cross sectional
study and the protocol has been performed in
accordance with the ethical standards laid down
in the Declaration of Helsinki. The selected sites
in eligible patients were examined clinically and
radiographically using cone beam computed
tomography (CBCT) after patients’ agreement and
the following measurements were recorded;

Clinical Measurements

All
expert periodontist blinded to the radiographic

measurements were recorded by an

measurements using University of Michigan

O probe with William’s markings (Hu-Friedy
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Mfg. Co., LLC, UK). Gingival biotype was
clinically recorded based on the transparency of
the periodontal probe through the gingival margin
while probing the sulcus at the mid-facial aspect of
teeth at the premolar and molar area; if the outline
of the underlying periodontal probe could be seen
through the gingiva, it was categorized as Thin GB
(Figure 1A) and if not, it was categorized as Thick
GB on a site based level (Figure 1B)!'4,

Radiographic Measurements

All CBCT
examination at the Oral Radiology Department,
Faculty of Dentistry, Ain-Shams University. The
image acquisition was performed using i-CAT

patients were referred for

next generation (Imaging sciences international,
Hatfield, PA, USA) with exposure parameters 120
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kVp,5mA,0.2 mm voxel size, 26 seconds scanning
time and field of view was limited to the maxillary
arch. DICOM (digital images and communication
in medicine) files were transferred to a third party
software; OnDemad3D (Cybermed, Seoul, South
Korea).

An oral radiologist with 14 years of experience
examined the images twice separated by two weeks
interval. Images were viewed in adimmed light room
on a computer monitor 17 inch HD LED (Dell Inc.,
Berkshire, UK). Reconstructed panoramic images
were created by drawing the panoramic curve on the
axial image (Figure 2A), and then cross sectional
images were created parallel to the long axis of the
tooth having periodontal defect (Figure 2B). Image
enhancement was done using the sharpness filter

tool to increase the image sharpness by a factor of

Fig. (2) A. Axial image showing the determination of reconstructed panoramic curve B. Reconstructed panoramic image showing

the alignment of cross sectional line parallel to the long axis of the examined tooth
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one (Filter X1), also image brightness and contrast
was adjusted accordingly for each case. All the
following parameters were assessed on the cross
sectional images:

Periapical infection [Yes/No]

The presence of bone resorption related to the
apex of the examined tooth was recorded as a
periaipcal infection (PAI) (Figure 3A).

Schneiderian Membrane Thickness [mm]

Schneiderian Membrane Thickness (SMT) was
measured at the point of maximum thickness from
the sinus floor. The measurement was performed on
the cross sectional images using the “measurement
tool” provided by the software and was expressed
in millimeters. The observer performed three
measurements apical to each examined tooth, then
the mean thickness was calculated (Figure 3B).
The SMT was recorded as: Normal if the thickness
was < Ilmm; Mild if the thickness was 1-2 mm;
Moderate if the thickness was 2-4 mm; Severe if
the thickness was 4-10 mm; and Extensive if the
thickness was more than 10 mm?!.

Marginal Bone loss [MBL (mm)]

MBL was measured as the distance between the
cemento-enamel-junction (CEJ) and the alveolar
bone crest at the buccal aspect of the examined

5 [mA]
120 [kvp)
T

Ola M. Ezzatt, et al.

tooth, and then two millimeters were deducted
from this measurement. Several measurements
were taken at different mesiodistal positions then
the highest measurement was chosen for statistical

analysis (Figure 3B).

Statistical Analysis

Numerical data were explored for normality
by checking the data distribution and using
Kolmogorov-Smirnov and Shapiro-Wilk tests.
Data

distribution. Data were represented by mean,

showed non-normal (non-parametric)
standard deviation (SD), median and range values.
Spearman’s correlation coefficient was used to
determine significant correlations between different
quantitative variables. Mann-Whitney U test was
used to compare between sinus membrane thickness
in cases with or without periapical infection.
Qualitative data were presented as frequencies
and percentages. Fisher’s Exact test was used to
determine the association between sinus membrane
thickness grade and presence of periapical infection
as well as sinus membrane thickness grade and
gingival biotype. The significance level was set at
P < 0.05. Statistical analysis was performed with
IBM® (IBM Corporation, NY, USA), SPSS®
Statistics Version 20 for Windows (SPSS, Inc., an
IBM Company).

Fig. (3) Reconstructed cross sectional images showing A. The presence of periapical infection B. The measurement of MBL and

SMT
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RESULTS

The present study was conducted on 50 subjects;
33 females (66%) and 17 males (34%) with no
significant difference regarding sex distribution
among the study population. Their mean age was
444 + 9.3 years with a minimum of 31 years and a
maximum of 58 years old.

The clinical examination revealed that 29
patients (58%) had thick gingival biotype while 21
patients (42%) had thin biotype with no statistical
difference between the distribution of these two

types among the chronic periodontitis patients.

The mean MBL as measured in CBCT in the
chronic periodontitis patients included in this
study was 2.8+1.14 with a minimum of 1mm and
a maximum of 5.9mm. While the mean SMT was
2.942 3 ranged from 0.5mm to 7.9mm (32% was
Normal, 16% Mild, 16% Moderate, 36% Severe,
and no extensive membrane thickness was found);
no significant statistical difference was observed
between percentage of normal, mild to moderate and
severe SMT among the study population. Periapical
infection was detected only in 12 patients (24%).

Table 1 represents the association between
SMT grades and gingival biotype in which higher
percentage of severe thickness of sinus membrane
was observed in patient with thick gingival biotype
(37.3%) than those with thin biotype (33.3%) as
well as normal thickness grade while opposite
was observed in moderate and severe grades but
without statistical significant differences between
percentage of the two gingival biotypes in each

grade of sinus membrane thickness.

Correlation analysis of the results demonstrated
that there was a statistically significant direct
(positive) correlation between SMT and MBL (r=
0.595, p<0.001) (Figure 4). Cases with periapical
infection showed statistically significant higher
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mean sinus membrane thickness (5.3£1.97) than
normal cases (2.26x1.90) (p<0.001).

cases with severe sinus membrane thickness

Moreover,

grade showed the highest prevalence of periapical
infection (83.3%) while no case in this study with
normal sinus membrane thickness grade showed
periapical infection with statistical significant
differences between percentage of cases with and
without PAI in each SMT Grade (Table 2).

TABLE (1): Frequencies, percentages and results
of Fisher’s Exact test for the association
between sinus membrane thickness (SMT)

grade and gingival thickness

Thick gingiva Thin gingiva
SMT - -
(n=29) (n=21) P-value
Grade
n % n %
Normal 11/29 379 5/21 23.8
Mild 4/29 13.8 4/21 19
0.464
Moderate 3/29 10.3 5/21 238
Severe 11/29 379 7/21 333

TABLE (2): Frequencies, percentages and results
of Fisher’s Exact test for the association
between sinus membrane thickness (SMT)
grade and presence of periapical infection

Periapical

. . Normal
infection B
SMT Grade (n=12) (n=38) P-value
n ) n %0
Normal 0/12 0 16/38 42.1
Mild 1/12 8.3 7/38 184
0.001*
Moderate 1/12 8.3 7/38 184
Severe 10/12 83.3 8/38 21.1

*: Significant at P < 0.05
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Fig. (4) Scatter diagram representing direct correlation between
sinus membrane thickness and marginal bone loss

DISCUSSION

The study attempted to clarify the possible
association between maxillary sinus Schneiderian
membrane thickness and marginal bone loss,
biotype and presence of periapical
infection in chronic periodontitis patients that

gingival

may help the clinicians to predict the membrane
thickness and minimize complications during sinus
left procedure!'s. Patients within the same age
range and periodontal disease severity and with no
difference in sex distribution were included while
smokers were excluded to minimize the effect
of these confounding factors on sinus membrane
thickness as recently reported by Maska et al. and
Khorramdel et al. in 2017101,

In the present study we choose to use CBCT for
radiographic evaluation of the periodontal defects
due to its ability to reconstruct 3D images allowing
the radiologist to gain information regarding the
defect dimensions and association with maxillary
floor in contrast to the 2D techniques''’". In
addition, software features allow reorientation of
cross sectional images in planes other than axial,
coronal or sagittal sections in order to easily detect
PAI or to accurately measure MBL and SMT?20211,

Several studies investigated the maxillary sinus
using computed tomography (CT)!?2%!, on the other
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hand CBCT provides the same information regarding
3D reconstructed images and linear measurement
accuracy with an enormous reduction in patient
absorbed dose®?”. Regarding the relationship
between PAI and maxillary sinus our choice to use
CBCT was in accordance with Cymerman et al.l*®!
and Nurbakhsh et al.**!,

For evaluation of gingival biotype we used
a simple and reproducible method which is the
transparency of the periodontal probe through the
gingival margin. And because tissue biotype was
also correlated to and can predict the gingival
thickness and underlying bone thickness!*l.

A recent meta-analysis reported overall mean of
SMT(1.17+0.1 mm)in CBCT"¥ . However,the mean
SMT in this study was 2.9+2.3 ranged from 0.5mm
to 7.9mm. In accordance with the study conducted
by Janner et al and evaluated 168 CBCT images; the
thickness of the Schneiderian membrane exhibited
variable thickness in CBCT with highest mean
values, ranging from (2.16 to 3.11 mm) However the
wide range obtained in his study (0.16-34.61mm)
may be explained by the presence of other
confounding factors as age, gender and periodontal
diseases!®!l.

In this study we reported that 32% of sinus
membrane was Normal, 16% Mild, 16% Moderate,
36% Severe, and no extensive membrane
thickness. While other study by Maska et al
evaluated 29 CBCT scans found that 93.1% of
them had
Specifically, 6.9% of cases exhibited no thickening,
6.9% had minimal thickening, 20.7% of cases
had moderate thickening, and 65.5% had
severe thickening!'®". This was more than what

maxillary sinus mucosal thickening.

was reported in our study for chronic periodontitis
patients; a total of 68% of patients exhibited mucosal
thickness x 1mm but the contradiction in results may
be attributed to un excluded confounding factors.

The mean MBL as measured in CBCT in the
chronic periodontitis patients included in this
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study was 2.8+1.14 with a minimum of Imm and a
maximum of 5.9mm with a strong significant direct
correlation between SMT and MBL which was
consistent with the previous studies?*!. Janner et
al. also found that there is an association between
the SMT and MBLEPY, The similarity of the results
of these studies with the present study can be due
to the similar methods of research. The association
between bone loss in periodontal diseases and sinus
mucosal thickness was further emphasized in Ren
et al. study in 2015 who found that among the 221
periodontal patients studied, 103 (48.9%) displayed
SMT and also reported dramatic increase in SMT
with the degree of alveolar bone loss**. Phothikhun
in et al. also demonstrated a three-fold increase in
the likelihood of SMT with severe periodontitis®*!.
Sheiki etal later concluded that there is an association
between both MBL and pulpoperiapical condition
and SMT, but the effect of MBL was about 4 times
stronger!®>,

The previous finding is also supported and
explained by histopathological study by Moskow
that found direct relationship between moderate and
severe periodontitis of the maxillary molar teeth
and pathological changes resulting in maxillary
sinus mucosal thickening'. Furthermore maxillary
sinus floor is perforated by a number of vessels,
allowing for close approximation of the maxillary
sinus mucosa and periodontal ligament and the
separation consists only of mucoperiosteum in some
individuals®”, Thus overlap between collateral
branches of posterior superior alveolar arteries
representing main blood supply of the dental and
periodontal structures with the basilar maxillary
sinus vascular network may also encourage the
spread of periodontal inflammation to sinus'*®!.

Aimitti et al. in 2008 investigated the correlation
between gingival phenotype and Schneiderian
membrane and found that mean SMT was 1.26+0.14
mm in individuals with thick gingival compared to
0.61+£0.15 mm in subjects with thin gingival tissues
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and recommended the use of gingival thickness
as reliable parameter to predict sinus membrane
thickness™!, Deepthi et al in 2012 later reported
a strong correlation between SMT and GB!”. The
previous results were in accordance with higher
percentage of severe thickness of sinus membrane in
thick biotype patients observed in our study. These
results may be attributed to the previous finding that
biotype is significantly related to underlying bone
thickness and alveolar crest position*#!, and that
the SMT is also correlated to residual ridge height!*?1,

In the present study, the presence of periapical
infection was associated with severe SMT in
83.3% of the cases, consistent with the results of a
study by Bolger et al. in which 83.2% of the cases
had thick membrane thickness in the presence
of periapical infection*?. In comparison, this
percentage was reported to be 38.1% in a study by
Ritter et al.'*!, 48.4% in a study by Lu et al.*¥!, and
60% in a study by Hihnel et al.*!. However, the
discrepancies between the results of studies might
be attributed to differences in race or age and the
different diagnostic techniques used. The proximity
of periapical pathosis and the sinus floor may be
a potential factor of sinus mucosal irritation and

subsequent thickening! 47,

This study has demonstrated that clinical and
radiographic findings as the presence of periapical
infection marginal bone loss or clinically detected
thick gingival biotype can predict the presence
of thick Schneiderian membrane, so may help
clinicians in planning their sinus left procedure in
chronic periodontitis patients. However, number of
limiting factors diminished the impact of our results;
including small number of patients and single
center design. In addition, other clinical changes
evaluation as gingival index and clinical signs of
sinusitis would have revealed more confounding

factors and help to understand the association.
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