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ABSTRACT

Objective: This study aimed to evaluate the maxillary sinus mucosal thickness (MSMT) and factors that may affect this thickness in individuals
with a posterior edentulous region.

Methods: Cone beam computed tomography (CBCT) images of 130 patients with edentulous posterior maxilla were retrospectively
examined. MSMT was measured. The relationship between MSMT and age, gender, residual alveolar bone length/width, nasal septum
deviation angle, ostium obstruction, and pneumatization were examined. Descriptive statistics, nonparametric tests, Spearman correlation,
and chi-square analyses were used. The significance level was set at .05.

Results: The study included 130 maxillary sinuses. Pathological mucosal thickening was present in 67 (51.5%) of maxillary sinuses. Mucosal
thickness was significantly thicker in the presence of maxillary sinus ostium obstruction, in the presence of pneumatization and in males. No
statistically significant differences were found between nasal septum deviation angle groups.

Conclusion: MSMT is affected by gender, the alveolar bone length, maxillary sinus ostium obstruction, and pneumatization as results of this
study. When planning implant treatment, these factors that will affect the MSMT should be considered for the success of the treatment, and

-

the planning should be done together by the oral and maxillofacial surgeon and the dentomaxillofacial radiologist.
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1. INTRODUCTION

Implanttreatmentisapreferred methodtoreplace the missing
tooth. In the posterior maxilla, resorption is observed after
tooth loss, leading to progressive sinus pneumatization and a
decrease in the alveolar ridge in the cranial direction (1). After
this resorption, maxillary sinus floor augmentation (MSFA) is
performed in cases where the existing bone is insufficient for
implant treatment. However, some complications related to
MSFA may occur. One of the most common complications
during the MSFA is sinus membrane perforation, with
0-60% incidence (2,3). The main risk factors causing sinus
membrane perforation are the presence of septa in the
sinus, differences in sinus morphology (angle of sinus walls),
sinus membrane thickness, and application errors during
osteotomy or membrane elevation (4). In a previous study, it
was reported that one of these risk factors, sinus membrane
thickness less than 0.8 mm or more than 3 mm, significantly
increased the risk of perforation and caused an increase in
postoperative inflammation (5). Another previous study

stated that sinus membrane thickness outside the range of
1-2 mm significantly increased the risk of perforation (6). In
this context, measuring the MSMT and the size of the existing
bone before the surgical procedure for implant placement
and detailed evaluation of the pathologies and anatomical
structures that will affect the membrane thickness is essential
for the success of the treatment.

Situations where the sinus membrane is greater than the
physiological thickness limit are referred to as increased
mucosal thickening. Different physiological mucosal
thicknesses have been mentioned in many previous studies
(6-9). However, a mucosal thickness of 2 mm is considered
a reliable threshold, and when it is more than 2 mm, it is
classified as pathological/increase in thickening in recent
studies (2,8,10). Increase in sinus membrane thickness;
it may be associated with various pathological conditions
such as rhinosinusitis, pseudocyst, retention cyst, mucocele,
allergy, and odontogenic infections (11). In addition, some
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studies show that there may be a correlation between
sinus membrane thickness, obstructed sinus ostium (12),
and the height of the residual alveolar crest (13). Another
study stated that it could not find a relationship between
residual bone and MSMT (6). The relationship between nasal
septum deviation and maxillary sinus mucosa thickening has
been a matter of debate in the literature. While a study by
Bayrak et al. (14) emphasizes that there is no relationship,
another study by Munakata et al. (2) argues that there is a
relationship.

Cone beam computed tomography (CBCT) is the most reliable
3D imaging method used for treatment planning before
implant treatment. In CBCT images, the alveolar bone, as well
as the maxillary sinus, can be visualized, and the anatomy
and pathologies of the maxillary sinus can be evaluated (15).
To reduce the risk of infection and obtain good clinical results
during sinus lifting, the maxillary sinus membrane should be
evaluated in detail on CBCT.

In this study, MSMT was examined in patients who were
planned to receive implant treatment in the maxillary
posterior edentulous area in order to evaluate the correct
patient selection, accurate surgical-prosthetic planning, and
possible complications before the operation.

In addition, the relationship between membrane thickness
and bone height in the relevant region, bone width, maxillary
sinus ostium obstruction, maxillary sinus pneumatization,
maxillary sinus septum, and nasal septum deviation angle
were evaluated.

2. METHODS

Ethics committee approval was obtained before starting the
study (Research No: 2022-1069).

G* Power package program (G* Power ver. 3.0.10, Franz Faul,
Universitat Kiel, Germany, http://www.psycho. unidusseldorf.
de/aap//projects/gpower) was used to determine the
minimum number of individuals to be included in the study.
The calculation of our sample size is based on the assumption
that certain anatomical factors, which form the basis of
the present study, may influence maxillary sinus mucosal
thickness. Given the descriptive nature of the present
study, our focus is specifically on estimating the relationship
between the maxillary sinus mucosal thickness of individuals
and these identified anatomical factors. To increase the
accuracy of our estimates and ensure the reliability of the
results, we used a margin of error (a) = .05, effect size f = .30,
and test power (1-B) = .80. As a result of the calculations, the
sample size that would provide the power of the test (1-8)=.80
was determined as 128. The width of the confidence interval
was determined in accordance with the objectives of the present
study and the chosen analytical methods and will contribute to
the assessment of the significance of the data obtained.

The CBCT images of 765 patients aged 18 and over who
applied to our Faculty of Dentistry, Department of Oral and
Dentomaxillofacial Surgery for implants between 2017 and

2018 examined in this retrospective study. All the CBCT
images obtained from the maxillofacial region (Field of View
(FOV) 16.0 cm x 9.2 cm) or maxilla (FOV: 16.0 x 5.2 cm) were
examined using the Planmeca Promax 3D-Mid (Planmeca,
Helsinki, Finland) device with the parameters 90 kVp, eight
mA, 13.5 seconds exposure time and 400 um voxel size.
Among the CBCT images examined, images of partially
edentulous individuals, in whom at least one of the premolar
and molar teeth in the posterior maxilla was missing, were
included in the study. Care was taken to ensure the maxillary
sinus and crista galli were within the imaging area. Images
with various artifacts affecting image quality (motion
artifact, metal artifact, noise artifact, etc.) (n: 53), previously
maxillary sinus augmentation (n:157), bone grafting, and
fully edentulous cases (n: 425) were excluded from the study.
In line with these criteria, MSMT was evaluated unilaterally
in the CBCT images of 130 patients (51.5% female, 58.5%
male) with an average age of 55.3 + 10.7 years.

CBCT images of 765 patients aged 18 and over were examined

Excluded criteria:

-Images with various artifacts affecting image
quality (motion artifact, metal artifact, noise
artifact, etc.) (n: 33)

-previously performed maxillary sinus
augmentation, and bone grafting (n: 157)

-fully edentulous cases (n: 425)

Included criteria:

-Images of individuals with partial edentulism o
the posterior maxilla
-The maxillary sinus and crista galli were within
the imaging area

MSMT was evaluated in the
CBCT images of 130 patients
(51.5% female, 58.5% male)

CBCT images of 635 patients

were excluded.

All the CBCT images were examined in sagittal, coronal, and
axial sections. The radiographic evaluations were performed
by a radiologist with at least seven years of experience in
the Department of Dentomaxillofacial Radiology. All images
were analyzed in a light-reduced environment, on a medical
monitor with a 24-inch screen with ideal resolution, from a
distance of approximately 50 cm, using the measurement
function in Planmeca Romexis 4.6.2.R, the original program
of the device.

The presence/absence of maxillary sinus mucosal thickening
was assessed unilaterally on images of the posterior
edentulous region of the maxilla where the implant was
planned, and its extent was measured from the widest area
in the sagittal section (16). Pathological mucosal thickening
was considered to be present when the MSMT was more
than 2 mm (2).

The alveolar bone size was measured from the coronal
section. The measurement in the coronal section was made
from the part corresponding to the region with the highest
mucosal thickening in the sagittal section. A vertical guide
plane was used to determine this region in the coronal section
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Table 1. Maxillary sinus mucosa thickness according to gender

Gender

Mann Whitney U Test

n Mean Median ~ Minimum Maximum sd Mean rank U p
Maxillary sinus mucosal Female 67 4 2 0 16 58.74
thickness (mm) Male 63 7 2 0 31 72.69
Total 130 5 2 0 31 7 1657.5 .03

'p<.05

(Figure 1). The bone width was measured at the widest point
closest to the ridge top in the determined coronal section.

Figure 1. CBCT sagittal section showing the region with the
highest mucosal thickening, and mucosal thickness measurement.
Measurement of alveolar bone length in CBCT coronal section. The
vertical guide plane used to determine the area to be measured in
the coronal section is visible in both sections.

Table 2. Correlation between alveolar bone length/width and
maxillary sinus mucosal thickness

Alveolar bone

Alveolar bone

length (mm) width (mm)
Maxillary sinus mucosal  r -0.17° -0.13
thickness (mm) p 04" 12
n 130 130

‘p<.05

Figure 2. CBCT coronal section showing ostium of the maxillary sinus
and septa of the maxillary sinus

Figure 3. CBCT coronal section showing maxillary sinus

pneumatisation

The presence/absence of ostium obstruction of the relevant
maxillary sinus, the presence/absence of septa of the
maxillary sinus, and maxillary sinus pneumatization were
evaluated (Figure 2-3).

The nasal septum deviation angle is the angle made by the
line between crista galli and spina nasalis anterior (point
projection on the horizontal plate of the maxillary or palatine
bone) on the coronal section with the line between crista
galli and the most lateral part of the nasal septum (2). The
angle was determined by measuring in the coronal section
(Figure 4). According to the measured angle, individuals were
classified as mild < 9°, 9°< moderate <15°, and severe > 15° (17).

e

Figure 4. Measurement of nasal septum deviation angle in CBCT
coronal section.
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The data obtained from the study were analyzed through
the SPSS v.22 package program (IBM, Chicago, IL, USA). Since
the data were not normally distributed, the Mann-Whitney
U test was used for comparisons between two groups, and
the Kruskall Wallis H test was used for comparisons between
three or more groups. Spearman correlation analysis was
used for relationships between variables. The relationship
between categorical data was examined with Chi-Square
analysis.

A descriptive statistical method (Mean, Median, Standard
Deviation, Minimum-Maximum) was used when evaluating
the study data.

In the study, .05 was used as the significance level, and if
p< .05, it was stated that there was a significant difference/
relationship, and if p> .05, it was stated that there was no
significant difference/relationship.

3. RESULTS

The study included 130 patients (51.5% female, 58.5% male,
with an average age of 55.3 + 10.7 years) and 130 maxillary
sinuses. It was observed that 61 (46.9%) of the maxillary
sinuses were on the right, and 69 (33.1%) were on the left.
Pathological mucosal thickening was present in 67 (51.5%)
of 130 maxillary sinuses. There was pathological mucosal
thickening in 35 (57.4%) of the right maxillary sinus and 31
(44.9%) of the left maxillary sinus.

Table 3. Maxillary sinus mucosa thickness according to pneumatization

Pneumatization

The average MSMT was 5 + 7 mm, and the median was 2
mm. Mucosal thickness was maximum 31 mm and minimum
zero. There was a statistically significant difference in MSMT
between genders (p< .05). MSMT was significantly higher in
males than in females (Table 1). There was no statistically
significant relationship between age and MSMT values (p>
.05).

There was a negative and significant relationship between
the amount of MSMT and bone length (r=-.174; p< .05).
Accordingly, as MSMT increases, alveolar bone length
decreases. There was no statistically significant relationship
between MSMT and alveolar bone widths (p> .05) (Figure
5) (Table 2). However, as the amount of mucosal thickness
increased, bone width decreased.

A significant difference was found between the presence
of pneumatization in terms of the amount of MSMT. The
maxillary sinus mucosa thickness in the maxillary sinus with
pneumatization was statistically significantly thicker than in
those without (p< .05) (Table 3).

A significant difference was observed between the ostium
obstruction conditions regarding mucosal thickness amount
(mm) (p< .05). MSMT was significantly greater in maxillary
sinuses with ostium obstruction than those without (Table 4).

There was no statistically significant difference between
the presence/absence of maxillary sinus septum in terms of
maxillary sinus mucosa thickness (p> .05).

Mann Whitney U Test

n Mean Median Minimum Maximum sd Mean rank U
Maxillary sinus Absence 54 3 2 0 16 4 53.74
mucosal thickness Presence 76 7 4 0 31 8 73.86 1417  .003"
(mm) Total 130 5 2 0 31 7

“p<.05

Table 4. Maxillary sinus mucosa thickness according to ostium obstruction

Ostium obstruction

Mann Whitney U Test

n Mean Median Minimum Maximum sd Mean rank U p
Maxillary sinus mucosal . ” N 2 o "
thickness (mm) sence 3 0 5 59.3
Presence 17 16 14 0 31 11 106.65 261 .0001"
Total 130 5 2 0 31 7

'p<.05

Table 5. Maxillary sinus mucosa thickness according to nasal septum deviation angle

Nasal Septum Deviation Angle

Kruskal Wallis H Test

n Mean Median Minimum Maximum sd  Mean rank H p
82 5 2 0 29 6 6131
i i 43 6 3 0 31 7 70.06
M.aX|IIary sinus mucosal 4,748 093
thickness (mm) Group 3 5 16 22 0 28 13 95.00
Total 130 5 2 0 31 7
“p<.05
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The number of patients in the groups according to the
severity of nasal septum deviation was as follows: mild
82, moderate 43, and severe 5. There was no statistically
significant difference in maxillary sinus mucosa thickness
between groups classified according to nasal deviation
severity (p>.05). Although not statistically significant, it was
found in our study that the maxillary sinus mucosa thickness
was higher in the severe (Table 5).
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Figure 5. Correlation between alveolar bone length/width and
maxillary sinus mucosal thickness

4. DISCUSSION

Perforation in the maxillary sinus membrane may reduce
the chance of success in implant treatment and cause
various symptoms in the patient. Therefore, it is important
to evaluate MSMT when planning implant treatment in the
posterior maxilla region. is essential when planning implant
treatment in the posterior maxilla region.

Computed tomography and magnetic resonance imaging are
essential for the evaluation of the maxillary sinus because
they provide multiple sections through the sinuses in different
planes (18). However, it has recently been shown that CBCT
can also be used in the evaluation of the maxillary sinus (19).
While CBCT has advantages such as lower radiation dose
and faster speed compared to computed tomography, it has
advantages compared to magnetic resonance imaging, such
as lower cost. Additionally, CBCT is the preferred 3D imaging
method in implant treatment planning. (18). Therefore, the
CBCT images were preferred to evaluate MSMT for our study.

Previousstudies have noconsensusonhow much physiological
thickness of the sinus membrane should be. Eggesbo et al.
(20), Cakur et al. (21), and Kalyvas et al. (7) accepted that the
sinus membrane thickens when its physiological thickness is
4 mm or more. Lozano-Carrascal et al. (9) stated this limit of
physiological membrane thickness as 3 mm. In their study,
Cagici et al. (22), Shanbhag et al. (23) and Janner et al. (8)
reported that the sinus anatomy was affected when the
maxillary sinus mucosa thickness was more than 2 mm, and
they accepted this value as pathological mucosal thickness. In
recent similar studies, a maxillary sinus mucosal thickness of
more than 2 mm was evaluated as pathological/the increase
of mucosal thickness (2,10). Differences in opinion regarding
physiological mucosal thickness may arise from differences in
race and ethnicity. In addition, when clinical and radiographic
findings are evaluated together, it has been stated that some
of the causes of pathological thickening may also present an
asymptomatic (10). Ignoring this situation may have caused
the physiological mucosal thickness to be determined as
thicker in some studies. Therefore, in the present study,
pathological MSMT was evaluated as more than 2 mm.
With this, the increase of mucosal thickness was present
in 51,5% of the maxillary sinuses. In previous studies, this
rate varies between 25% and 53.6% (2,7,12,24). The reason
for this difference between studies may be due to different
populations. Additionally, in some studies, dentulous regions
were evaluated, while in others, edentulous regions were
considered. In the study conducted by Dursun et al. (25), it
was emphasized that the increase of mucosal thickness was
higher in edentulous regions than in the dentulous regions.
However, we think more studies need to be done on this
subject.

Guo et al. (26) reported the MSMT value as 1.93+2 mm.
Lin et al. (6) and Lozano-Carrascal et al. (9) were found this
value as 1.32 £+ 0.87 and 1.82 + 1.59 mm in their CBCT study,
respectively. In other studies conducted for this purpose,
Yildirim et al. (27) declared it as 4.19+5.84, Kalyvas et al. (7)
found this value to be 1.60+1.20 mm and Munakata et al. (2)
reported it as 1.09 £ 1.30 mm. MSMT was measured as 5 + 7
mm in the present study. The reason why the sinus mucosa
thickness was relatively higher in this study compared to
other studies may be due to the examination of areas where
there were no teeth and the inclusion of maxillary sinus
diseases that cause mucosal thickening in the maxillary sinus
(except for those that cause bone destruction).

Although the amount of MSMT that causes perforation
during implant treatment was known in studies, there are
few studies on the factors that may affect this thickness
in edentulous areas (2). Therefore, in the present study,
in addition to age and gender, the relationship between
alveolar bone length and width, presence of pneumatization,
maxillary sinus ostium obstruction, maxillary sinus septum,
and nasal septum deviation were examined.

There are many studies in the literature examining the
relationship of MSMT with gender and age (2,7,8,21,28). In
these studies, when the maxillary sinus mucosa thickness
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was evaluated in terms of gender, it was found to be thicker
in males than in females (2,7,8,21). Kalyvas et al. argued
that the age factor did not affect the anatomical features
of the sinus (7). In a meta-analysis study by Monje et al., it
was stated that age did not affect MSMT (28). Munakata and
colleagues found that there was an increase in sinus mucosa
thickness with age, but there was no statistical correlation
between the two data in another meta-analysis study (2).
Findings regarding age and gender in the present study are
consistent with these previous studies.

Although there were several studies on residual alveolar crest
length with MSMT, to our knowledge, no previous study has
examined the relationship between alveolar bone width and
sinus mucosa thickness. In addition, it has been reported in
many studies that there is no relationship between alveolar
bone length in edentulous areas and maxillary sinus mucosa
thickness (2,29). It was also stated that MSMT showed a
positive correlation with alveolar ridge size in those with a
residual ridge height of less than 3.5 mm in another study
(30). The present study revealed that as the maxillary sinus
mucosa thickness increased, the alveolar bone length
decreased statistically significantly, and the maxillary sinus
mucosa thickness increased as the bone width decreased,
this was not statistically significant. The reason for these
differences between the studies may be related to different
populations, reasons for tooth extraction and the process
after extraction and the presence of prosthesis used in
this process. It may also be related to the determination
of alveolar crest length using a vertical reference plane in
our study. We believe that the use of the vertical reference
plane prevented random measurements and introduced
an innovative approach for the measurement method. In
addition, since this was a retrospective study based on the
imaging archive, the reasons for tooth extraction, the process
after extraction and the presence of prosthesis used in this
process were not known.

There were very few studies in the literature examining
the relationship between MSMT and the presence of
pneumatization. A previous study showed that there was
no relationship between pneumatization and mucosal
membrane thickness (31). The reason for the inconsistency
with our study may be related to the evaluation of the
maxillary sinus in the edentulous region in our study.
Remodeling of the alveolar crest after tooth extraction in
the posterior maxilla may trigger growth in the maxillary
sinus and cause pneumatization (32). Another previous
study has shown that there was a risk of sinus membrane
perforation in cases where the membrane thickness was
above the pathological limit (5). Considering the results of
this study (5) and the finding in the present study that the
membrane thickness was statistically significantly thicker in
the presence of pneumatization in the maxillary sinus, the
presence of pneumatization may cause thickening of the
sinus membrane and, therefore, perforation during implant
treatment. However, more studies are needed on this topic.

Previous studies have reported that mucosal thickness was
ticker in with ostium obstruction presence than without,
which is consistent with the present study (12,33). The
maxillary sinus ostium provides the passageway for the
mucosa released from the mucociliary cells lining the
maxillary sinus into the nasal cavity (33). Maxillary sinus
ostium obstruction occurring for various reasons may cause
mucus retantion, maxillary sinus mucosal thickening, and
rhinosinusitis  (33,34). Rhinosinusitis negatively affects
the chances of success of implant surgery (35). Generally,
after implant surgery and sinus augmentation, facial pain
or pressure on the treated side, nasal congestion, thick
purulent discharge and foul odor, and oroantral fistula may
occur (33). For this reason, ostium obstruction should also
be evaluated in the presence of mucosal thickening on CBCT
taken during implant treatment planning. In the presence of
ostium obstruction, the patient should be consulted to the
otolarhinlaryngology department before implant surgery.

There are few studies examining the relationship between
MSMT and the presence of septa in the sinus. Munakata et
al. (2) showed that they could not find a relationship between
the presence and absence of septa in individuals with MSMT
more than 2 mm. Our study is consistent with the previous
study. In their computed tomography (CT) study, lizuka et
al. (36) found that the presence of maxillary sinus septa
was associated with the presence of mucosal thickening.
On the other hand, there were also CBCT studies reporting
a negative correlation between MSMT and the presence of
septa (21,37). Discrepancies between studies and the present
study may result from differences in study methodology and
differences in the population.

Bayrak et al. (14) reported that there was no correlation
between nasal septum deviation and maxillary sinus mucosa
thickness. Taghiloo and Halimi (38) evaluated the MSMT
in their CBCT study by classifying nasal septum deviation
according to its type. The study stated that there was no
difference between the type of nasal septum deviation and
maxillary sinus mucosa thickness (38). In the present study,
nasal septum deviation angle was divided into three groups
to examine the relationship between maxillary sinus mucosa
thickness and the severity of nasal septum deviation angle.
There was no statistically significant difference in maxillary
sinus mucosa thickness between groups classified according
to nasal deviation severity. However, the maxillary sinus
mucosa thickness was greater in the group with severe nasal
septum deviation angle than in the other groups. Contrary
to these studies, one study concluded that there was a
relationship between nasal deviation angle and maxillary
sinus mucosa thickness (2). Considering that the deviation
seen in the nasal septum, a part of the osteomeatal complex,
is a pathological condition, more studies are needed to
evaluate the relationship between maxillary sinus mucosa
thickness and nasal septum deviation.
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5. CONCLUSION

The amount of maxillary sinus mucosa thickness is
important in terms of the risk of perforation that may
occur in the membrane during implant treatment and sinus
augmentation. According to the results of this study, maxillary
sinus mucosa thickness is affected by gender, the alveolar
bone length, maxillary sinus ostium obstruction, and the
presence of maxillary sinus pnematization. When planning
implant treatment, these factors that will affect the maxillary
sinus mucosa thickness should be taken into consideration,
and planning should be made together by the oral and
maxillofacial surgeon and the dentomaxillofacial radiologist.
However, clinical studies that can compare before and after
implant treatment should be conducted to evaluate the
implications of the findings on implant treatment success.
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