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Does residual bone thickness apical to periodontal defect play a major
role in maxillary sinus mucous membrane thickness?: A cone-beam
computed tomography-assisted retrospective study
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INTRODUCTION

The maxillary sinus is one among the paranasal

ABSTRACT

Background: The mucous membrane of the maxillary sinus is very sensitive to foreign bodies
and infections. Any triggering may lead to mucous membrane thickening (MMT). Residual bone
thickness (RBT) is the remaining bone apical to the periodontal defect until the floor of the maxillary
sinus acts as a barrier for the periodontal infections to reach the sinus. The aim of our current
study was to evaluate the minimal RBT to prevent periodontal infection to reach Schneiderian
membrane using cone-beam computed tomography (CBCT).

Materials and Methods: In this descriptive study, 144 maxillary sinus exposure records of
100 patients were collected retrospectively. Patients with minimum one sinus exposure were
considered. MMT and RBT were calculated with the CBCT assistance. Statistical analysis was done
using Mann—Whitney U-test , Kruskal-Wallis and Chi-square test. (P < 0.05) was considered as
statistically significant.

Results: Significant difference (P < 0.001) was observed in MMT among three RBT groups.
Significantly, higher mean MMT was observed with <2 mm and 2—4 mm RBT groups.The prevalence
of MMT with >4 mm group is less (7%) compared to <2 mm group and 2—4 mm RBT groups (91.2%
and 90.2%, respectively). Furthermore, there is no significant difference in MMT between angular
and furcation defects (P = 0.890).

Conclusion: Probability of MMT was increased if RBT is <4 mm. Early detection and prompt
periodontal treatments associated with regenerative procedures can be instituted wherever
possible to improve RBT and to reduce MMT. Further, microbiological studies are required to
confirm the analysis.
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connected with the nasal cavity through an ostium.
It maintains the airway, temperature, and balancing
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of the skull."! The Schneiderian membrane is a
mucous membrane, which lines the maxillary
sinus, and is quite sensitive to infectious agents of
both odontogenic or nonodontogenic origin.?! Its
thickness generally ranges from 1 to 2 mm and is
closely adherent to the periosteum.** Periodontal,
periapical, and peri-implant infections which are in
proximity to sinus floor may evoke inflammatory
reactions in the Schneiderian membrane, further
leading to the mucous membrane thickening (MMT)
and sinusitis.®® MMT of >2 mm is considered as
pathological.”’ Thickening of the maxillary sinus
membrane and chronic maxillary sinusitis may lead to
pathogenesis of adjacent structures such as ethmoidal
sinus.!""

Passage of odontogenic infections through the floor
of the sinus is very uncommon as the floor of the
sinus is made of thick cortical bone.'!! Tt has also
been observed that few cases (<10%) are affected due
to the infection or inflammatory agents reaching the
cortical bone marrow of the floor of the maxillary
sinus. This can be attributed to the thick residual
bone between the apical extent of the periodontal
or periapical lesion and floor of the maxillary sinus
which has a prime role in preventing the transmission
of infections of odontogenic origin.' Periapical and
periodontal pathology reaching the maxillary sinus is
a well-known concept.['*! However, very little research
evidence is available on minimal residual bone
thickness (RBT) that is required apical to periodontal
defect till the floor of the maxillary sinus to effectively
prevent transmission of infection. Cone-beam
computed tomography (CBCT) can be used to check
periodontal disease extension, RBT, and MMT. CBCT
overcomes the challenges such as overimposition
anatomical structures and allows visualization of
anatomical relations three-dimensionally.!"*!5 Tt also
helps in identifying etiology of the infection and
association with dental or periodontal pathology.!'®

We hypothesized that periodontal infection leading
to MMT of the maxillary sinus depends on RBT
apical to periodontal defect, i.e., the distance between
the floor of the maxillary sinus and apical extent
of the periodontal defect. Hence, the aim of the
present study was to investigate the minimum RBT
to prevent odontogenic infection to reach maxillary
sinus and to prevent pathological MMT with the
aid of CBCT imaging. With this study, we can
implicate this knowledge in periodontal regenerative
procedures wherever possible to increase RBT to

reduce the potential risk of maxillary sinusitis due to
periodontitis.

MATERIALS AND METHODS

The current study was a retrospective, single-center
descriptive study, conducted in Sri Rajiv Gandhi
Dental College and Hospital, Bengaluru, India. This
study included CBCT images recorded from June 2014
to May 2016 from the Department of Oral Radiology.
Before starting the study, written informed consent
had been obtained from the patients for checking
their records and usage of their investigations for
this research purpose. The study was started after the
approval from an ethical committee and institutional
review board.

CBCT with good quality images showing at least
one tooth with an angular defect and furcation
involvements in posterior region of maxilla were
considered for review These radiographs were taken
previously for different diagnostic and treatment
purposes. A total of 258 defect sites were observed in
100 patients with 144 maxillary sinus exposures. Both
male and female patients aged between 35 and 70,
who were diagnosed with chronic periodontitis, were
considered. Patient’s previous records and periodontal
charting were observed to correlate periodontal status
and other histories for maxillary sinusitis.

Exclusion criteria

Categorizing odontogenic and nonodontogenic
sinusitis was done according to the Abrahams
guidelines.'”  Patients with preexisting maxillary
sinusitis because of nonodontogenic origin, previous
history of trauma, teeth with dental caries or
periapical pathologies, pregnancy, nursing, history of
using antibiotics in the past 2 months, patients who
underwent any periodontal treatment 6 months before
CBCT investigation, and edentulous areas or implants
were excluded from the study.

Evaluation of images

CBCTs were taken (exposure: 90 KV, 2.5 mA, 15 s
and dose: 1179 mGy.cm?), and measurements were
recorded with the software (CS 3D imaging, v3.3,
NY, USA) and calibrated by two dental graduates
under the supervision of two oral and maxillofacial
radiologists with a minimum of 2 years of experience
in evaluating CBCT and the average was noted.
The bias between inter-examiner calibrations was

eliminated by calibrating 30% of images again.
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Measuring Schneiderian membrane thickness

MMT was measured at the thickest area of the
membrane perpendicularly from the underlying bone.
The measuring line of MMT should be a continuation
of the measuring line of RBT. Mucosal thickness
grouped into two: (a) <2 mm as normal [Figure 1]
and (b) >2 mm thickening as pathological
MMT [Figure 2].' For each sample, measurements
were taken both in coronal and sagittal sections of
CBCT and the average was noted [Figure 2].['! Rulers
in the CBCT software were used for the measurements.

Measuring residual bone thickness

Underlying RBT was measured with a line, at the
thinnest area from the apical-most region of the
periodontal lesion to the floor of the maxillary
sinus [Figure 2]. Again, for each sample, measurements
were taken both in coronal and sagittal sections of
CBCT and the average was noted. RBT is grouped
into three: (a) <2 mm, (b) 2—4 mm, and (c) >2 mm.
All types of vertical defects (one-wall, two-wall, and
three-wall defects) and all types of furcation defects
were taken into consideration. Rulers in the CBCT
software were used for measurements.

Statistical analysis

Statistical analysis was done, and Mann—Whitney
U-test was performed for intra-group comparisons.
Kruskal-Wallis test was performed for intergroup
comparisons. Chi-square test was used for checking
association of the prevalence of MMT with
RBT groups. Statistical Package for the Social
Sciences (v20.0, SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. P < 0.05 was taken as
statistically significant.
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Figure 1: Normal thickness of mucus membrane without
periodontal infection.

RESULTS

A total of 144 CBCT sinus exposures of
100 patients (male 56, female 44) with 258 sites
were included in the study, in which 166 sites were
with angular defects and 92 were with furcation
involvement. Intergroup comparisons in variations
in MMT among <2 mm, 2-4 mm, and >4 mm RBT
groups with the Kruskal-Wallis test show a significant
difference among the groups. Mean mucosal
thickness was within the range of normal mucosal
thickness (<2 mm) in >4 mm RBT group and reverse
was seen with <2 mm and 2-4 mm RBT groups,
which come under pathological MMT range (>2 mm).
These results are summarized in Table 1.

The prevalence of MMT in different groups is shown
in Table 2. MMT is more prevalent in <2 mm and
2-4 mm RBT groups when compared to >4 mm
group. A total number of pathological MMT sites
in <2 mm and 2—4 mm groups are 65.89%. Greater
than 4 mm RBT group showed a major number of
sites with nonpathological MMT.

Table 1: Intergroup comparisons of mucous
membrane thickening among three residual bone
thickness groups

RBT (mm) n Mean mucosal SD P
thickness (mm)

<2 136 4.4112 1.431 <0.001**

2-4 51 3.024° 0.769

>4 71 0.951¢ 0.683

*Kruskal-Wallis; post hoc Mann-Whitney test was used for intergroup comparison;
Different alphabets in the superscript showed a significant difference among
groups. SD: Standard deviation; RBT: Residual bone thickness

Figure 2: Measurement of residual bone thickness and mucous
membrane thickening in sagittal sections of cone-beam
computed tomography in relation to periodontal lesion.
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No significant difference was observed between
the mean RBT of angular and furcation defects, as
shown in Table 3. Similarly, no significant difference
was observed between mean MMT in angular and
furcation defects.

The range of MMT values along the mean value in
the three groups can be observed in Graphs 1-3. In
Graph 1, we can see an extended range of observations;
in fact, maximum observation of MMT when RBT is
around 1 mm was noted. Furthermore, in Graph 3,
minimum MMT was observed when RBT was
between 4.5 mm and 6.5 mm.

DISCUSSION

With this present study results, it appears to be a
significant correlation between RBT with MMT. The
proportional increase in MMT was observed with
a decrease in RBT; this is significant when RBT
is <2 mm. Lack of significant difference in MMT
between vertical defects and furcation defects supports
the importance of RBT than the type of lesion.

According to our knowledge, this is the first study
comparing the RBT from the apical-most part of
the periodontal defect till the floor of the maxillary
sinus with MMT. In previous studies, i.e. Phothikhun
et al™ and Ren,?” alveolar bone loss percentage
and clinical parameters were used to check the

Table 2: Prevalence of mucous membrane thickening
in different residual bone thickness groups

RBT Prevalence of mucosal thickness Total
(mm) (MMT) (%)

<2 mm >2 mm
<2 12 (8.8) 124 (91.2) 136
2-4 5(9.8) 46 (90.2) 51
>4 66 (93) 5(7) 71
Total 83 175 258

Chi-square test was used for association of prevalence of MMT thickness with
RBT groups; x?=165.893; df=2; P<0.001; highly significant. RBT: Residual
bone thickness; MMT: Mucous membrane thickening

Table 3: Mean residual bone thickness and
mucous membrane thickening according to the
type of defects

Variable Mean+SD Angular versus
Angular Furcation furcation
defects (n=166) defects (1=92) 74 Pt
RBT 2.779+2.004 2.643+1.916 0.457 0.647Ns
MMT 3.189+1.851 3.177+1.916 0.139 0.890N

*Mann-Whitney test; NS: P>0.05. NS: Not significant; RBT: Residual bone
thickness; MMT: Mucous membrane thickening; SD: Standard deviation
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Graph 1: Range of mucous membrane thickening values
above and below the mean (4.41 mm) in <2 mm residual bone
thickness group.
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Graph 2: Range of mucous membrane thickening values
above and below the mean (3.02 mm) in 2—4 mm residual
bone thickness group.
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Graph 3: Range of mucous membrane thickening values
above and below the mean (0.95 mm) in >4 mm residual bone
thickness group.
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severity of periodontal disease and were proportional
to MMT (odds ratio = 3.2 and 4.62, respectively),
found a significant association between periodontal
disease severity and MMT. Bornstein et al. proposed
a possible thickening of bone apical to periapical
lesion and thickening of mucus membrane of the
maxillary sinus due to the inflammatory reaction.!
Some authors even proposed the MMT with marginal
periodontitis.’) However, RBT and its relation with
MMT were not evaluated in any of these previous
studies. In Lane et al.’s opinion, the spread of the
microbiota or their toxins from the lesion to the
Schneiderian membrane also depends on RBT beneath
the maxillary sinus.' Hence, RBT and its association
with MMT were evaluated.

The prevalence of MMT in this study was 175 out
of 258 samples (67.8%). Again, the prevalence is
more with <2 mm and 2-4 mm RBT groups (91.2%
and 90.2%, respectively). Previously, a large-scale
epidemiological study was conducted by Vallo
et al.” to check MMT due to odontogenic infections,
which concluded the prevalence to be 10%—12%;
this low value could be attributed to the choice of
imaging being orthopantomography (OPG). OPG is
a two-dimensional imaging technique and is not as
sensitive as CBCT, and three-dimensional imaging
techniques are four times more accurate in measuring
MMT than two-dimensional imaging techniques.
A similar study conducted by Phothikhun et al."”
calculated periodontal bone loss by OPG and MMT
by CBCT and observed the prevalence of MMT
to be 42%. usingbased on The higher prevalence
in these two studies might be due to the usage of
three-dimensional radiographic investigations (CBCT)
to check MMT. On considering evidence, in the
current study, CBCT was used for assessing both
RBT and MMT.

Vertical bony defects and furcation lesions are the
indicators for periodontal disease severity. MMT
difference between angular and furcation defects
was assessed and found to be significant in previous
studies.?*?? Surprisingly, in this study, no significant
difference (P = 0.890) was observed between these
two groups. Perhaps, it might be because of lack of
consideration of RBT in previous studies.

Limitations of the study and future research
recommendations

The limitations of the present study were lack of
consideration of histological evaluation which is the
gold standard for the evaluation of quality of MMT.

Some authors propose overemphasizing of the MMT
with three-dimensional radiographs compared to
histological evaluation.?¥ Hence, further research
is needed to concentrate on histological sections
for evaluating MMT, microbial analysis to support
contaminations from periodontal infections to
Schneiderian membrane, and quality of the residual
bone which is also crucial in preventing the spread of
periodontal infection along with thickness.

CONCLUSION

Hence, with this study results, the possibility MMT
of the maxillary sinus is increased if RBT is <4 mm.
Early detection and prompt periodontal treatments
associated with regenerative procedures can be
instituted wherever possible to improve RBT beneath
the sinus floor to reduce inflammatory reactions
in Schneiderian membrane and MMT. Further,
microbiological studies are required to confirm the
analysis.
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