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ABSTRACT
Objective: This study aimed to calculate the volume of the maxillary

sinus and grafted part of it with different modes of three-dimensional
reconstruction software.

Materials and Methods: This retrospective volumetric cone-beam
computed tomography study was carried out on 21 patients/ 36
maxillary sinuses who had undergone maxillary sinus lift surgery using
a lateral approach, between 2010 and 2016 at the Department
Periodontology. All statistical analyses were performed by using the
NCSS (Number Cruncher Statistical System, Kaysville, Utah, U.S.A.)
software. P values <0.05 were considered to indicate statistical
significance.

Results: The mean volume of the right maxillary sinus cavity was 15.37
cm® while for the left it was 15.90 cm?®. There was no statistically
significant difference between right and left maxillary sinus volumes
(p>0.05). An occupied portion of the sinus cavity after lateral sinus
floor elevation surgery was approximately 14.87 %. Furthermore, the
volume through manual and automatical modes of the software do not
affect the results (p>0.05). The right and left sides of the maxillary sinus
volumes were not different from each other. Gender and measuring
mode was not found to be related to volumetric values of the maxillary
sinus cavity.

Conclusions: The grafted volume of the sinus cavity was defined as a
safe volume in terms of serious complications during and after the
surgery.

Key words: Sinus floor elevation, maxillary sinus volume, cone-beam
computed tomography, dental implant, Schneiderian membrane.
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Maxillary Sinus Volume After Sinus Surgery

INTRODUCTION

The maxillary sinus is the largest of the paranasal
sinus with pyramid-shaped cavity between the
nasal wall and zygoma.* The cavity extends from
premolar area to the first molar region, and average
volume of it is approximately 12 to15 cm3.%* The
pneumatization of the maxillary sinus varies from
patient to patient, and increases with age in the
edentulous areas towards the alveolar process.*

Alveolar  bone resorption and  sinus
pneumatization can compromise  immediate
implantation in the posterior maxilla.® Different sinus
floor elevation techniques have been used since 1980
to restore this anatomic deficiency before the implant
surgery.®” Among these techniques, lateral sinus
floor elevation (LSFE) has been recommended in
sites with insufficient residual bone height (RBH).®
LSFE ensured the reconstruction of bone deficiencies
of the sinus cavities with high clinical success rates,
allowing implantation in that region safer and more
predictable.®

Moreover, volumetric knowledge of the
maxillary sinus cavity and grafted part of it is
crucial for the practitioners in choosing the surgical
method and evaluate the success of the procedure.
The various effects of LSFE on maxillary sinus
physiology were evaluated in this retrospective
study. Maxillary sinus physiology might also be
affected by the volumetric changes after sinus
surgeries. It has been established that the risk of
Schneiderian membrane perforations is greatly
correlated to the membrane thickness.®* One of
research objectives was to analyze the change of
thickness of the Schneiderian membrane and
gingival thickness before and after LSFE.

Several radiological and clinical studies have
reported promising data through panoramic
radiography, spiral computerized tomography
(CT), cone-beam computed tomography (CBCT),
magnetic resonance imaging (MRI) to provide
volumetric information of the sinus cavity.'**°
Among these methods, the application of CBCT in
exploring paranasal sinuses has rapidly become a
popular tool by supporting scientific and
technologic advances.’®* CBCT was accepted very
efficient, affordable, and relatively safe method for
evaluating maxillary sinus cavity. One of the main
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points of this study to define a safe volume of the
sinus cavity to avoid any serious complications
during the surgery. The present radiographic study
observed total volume of the sinus cavity and the
grafted part of the cavity after LSFE procedure.
Another aim of the study is to compare the
volumetric values obtained by manual and
automatic volumetric measurements.

MATERIAL AND METHODS

Patient selection

The study included the radiographic data of 21
patients, 36 maxillary sinuses. During the period
from 2010 to 2016, these patients had undergone
CBCT investigations before maxillary sinus lift
(MSL) using bone biomaterials at the Department of
Periodontology. Fifteen patients (71.4%) underwent
bilateral LSFE surgery. LSFE surgeries were carried
out at the same department. According to the
patients” records, in all sites, pre-surgical bone
height was lower than 5mm and a staged surgical
approach was necessary.'”*® Thirty-six maxillary
sinuses which underwent maxillary sinus lifting
surgeries with the application of bone substitutes
were defined as research subjects. Collagenated
heterologous bone graft derived (Large granules, 1-
2mm, Apatos, Osteobiol®, Tecnoss, Coazze, Italy)
was used to fill the antrum. The length of the paced
implants into the augmented sinuses were between
10-12 mm. No perforation of the sinus membrane or
any other clinical complications such as
postoperative sinusitis, ostium obstruction were
present in the patient records. The study did not
address patient’s general health condition at the time
of examination and surgery, as well as the elapsed
time between tooth loss, MSL and the smoking
factor. The study was approved by the Local
Research Ethics Committee of YY'Y (Decision date:
07/11/2017, decision number: 1511), and the
protocol of the study was conducted following the
principles of the Declaration of Helsinki.

Imaging procedures

Radiological investigation for pre-surgical
planning and post-surgical evaluation purposes
were performed using CBCT device I-CAT Next
Generation (Imaging Sciences International,
Hatfield, PA, U.S.A). All patients were
investigated following a unified protocol. All
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included patients’ second radiographs were taken
because of different diagnostic purposes other than
the sinus surgery. Radiographic records of the
patients showed the same scanning parameters:
diameter — 16 cm, height — 13 cm, scanning time —
8 to 9 seconds, power — 120 kV, 5 mA. Images
were obtained using 0.3 voxel (three—dimensional
image volume unit) size. Images were processed
and reconstructed by Three Dimensional (3D)
Synapse Software (Fujifilm, Tokio, Japan). Before
taking measurements, an image was positioned so
that the plane of the hard palate was parallel to the
floor while the sagittal plane was perpendicular to
the floor. Each volumetric data was measured
twice (in automatic (Fig. 1) and in manual mode
(Fig. 2) and recorded in cubic centimeters (cm?).

=

Figure 1. Total sinus volume measurement and visual construction of
the cavity (automatically).

Figure 2. Total sinus volume measurement nd visual construction of
the cavity (manually).

Statistical analysis

The recorded data were processed using NCSS
software (Number Cruncher Statistical System,
Kaysville, Utah, U.S.A.). After descriptive and
comparative analysis, significance of 5% or less

Table 1. Volumetric measurements of the sinus cavities.

was considered statistically significant. When the
data were subjected to normal distribution, analysis
of variance (ANOVA) was used for analysis of
quantitative differences between two or more
groups Student's t—test was performed for analysis
of differences between two groups.

RESULTS

Summarization of demographic data led to the
conclusion that out of 36 maxillary sinuses
included in the study 22 (61.1%) were females and
14 (38.9%) were males. At the time of LSFE
surgery, the mean age of patients was 50.9 years
(31-66 years). Mean age of females who were
included in the study was 49.4 while the mean age
of males was 53.7 years.

Inclusion criteria consisted of maxillary
CBCT taken both before and after the sinus
surgery. The longest time recorded from post—
surgery until CBCT re—examination was 5 years.
The average time from post—surgery until CBCT
re—examination was 2.06 + 0.749 years.

Mean values and standard deviations of the
volumes for the maxillary sinus cavities and for
grafts are shown in Table 1 and Table 2. All
volumetric assessments were performed not only
automatically but also in manual mode using 3D
Synapse Software. Although there were small
differences between manual and automatic
measurements, they were not significant (p>0.05).
The total maxillary sinus volume (mean + SD)
measured manually on CBCT images was 15.35 +
2.9 cm®. The minimum maxillary sinus volume was
10.91 cm® and the maximum was 22.03 cm?.

. - -
Measurement Mode Side Volume (cm?) Difference Difference
(p value) (p value)
Right 15.37 (£3.05)
Manual Left 15.9 (£3.08) p>0.05
Mean 15.35 (£2.9)
p>0.05
Right 15.19 (£3.08)
Automatic Left 14.98 (£2.87) p>0.05

Mean 15.1 (¥2.9)




Maxillary Sinus Volume After Sinus Surgery

Table 2. Volumetric measurements of the grafts.

Measurement Mode VO]“:'SeD(cm3) Percentage D(;)ff\c/e;leunec)e
Manual 2.25 (+1.24) 14.87 % (+7.71)
p>0.05

Automatic 2.24 (£1.2) 14.66 % (£7.73)

The overall average graft volume obtained after (£0.94). The gingival thickness in the surgical area
the surgery was 2.25 cm?® (£1.24 cm?). The occupied increased slightly after the surgery, which was not
space of the sinus cavity by graft biomaterials was statistically significant (Table 3). The sinus
calculated (%), as shown in Table 2. The average membrane thickness ranged from 0.7mm to 3.2mm
percentage of the grafted part was 14.87% through in pre-surgical CBCT scans. The mean thickness
manual measurements and 14.66% through prior to surgery was 1.62 mm. Following LSFE,
automatic measurements. mean membrane thickness showed no significant

In pre-surgical CBCT imaging, the mean difference from pre-surgical values (Table 3).

thickness of the crestal gingiva was 1.09 mm

Table 3. Analysis of the linear measurements before and after sinus surgery

Parameters Pre—oi% émm) Post—ig.])(mm) [z:aff\(/e;;aune(;e
Schneiderian membrane thickness 1.62 (£1.04) 1.77(x0.72) p>0.05
Gingival thickness 1.09 (£0.94) 1.29 (+0.47) p>0.05
Residual bone height 3.14 (£2.38)
Graft height 11.36 (£2.78)

through the CT images.*?** Recent years,

volumetric measurements have been performed by
using CBCT with different  modelling
software.’®%*? In this study, total and grafted
volume of the maxillary sinus were examined using
manual and automatic mode of the 3D Synapse
Software.

All ostiums were detected and most of them
maintained their openness after sinus lift surgery.
Obstruction of the sinus ostium was observed just
in one sinus (2.7 %). The mean buccal bony wall
of the maxillary sinus cavity after the surgery was
slightly thicker than in pre-surgical CBCT scans
(Table 3).

DISCUSSION

According to several clinical studies, the success
rate of the sinus elevation procedure for the
placement of implants has significantly
increased.’® LSFE with different types of bone
grafts has become a remarkable treatment choice
for severely atrophic posterior maxilla. This
retrospective analysis aimed to evaluate the
physiological changes after sinus lifting surgery.

The maxillary sinus cavity is described as the
largest one between paranasal sinuses and its
volume is changing between 8.6 cm® and 24.9
cm?.*?® The maxillary sinus volume tends to be
increased after the maxillary posterior tooth loss.?
According to Takahashi et al.® mean volume of the
maxillary sinus was 31.3 cm?, which was
approximately twice as much as the present results.
This difference may be explained by the fact that
volume measuring methods were totally unlike

Volumetric and linear measurements of the from each other. The mean volume of the sinus
maxillary sinus cavity have conventionally been cavity after full growth was calculated as 14.8
measured using cadavers by different authors.?**?° cm®.2 The mean total sinus volume was around 15
However, “gold standard” for LSFE considered cm?® in the present results.

3D CBCT.?® Ariji, Uchida and others have

. . . There have been a few studies reported graft
measured maxillary sinus volume in humans P 9

volume after different types of sinus surgeries.’*3?
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However, this is the first CBCT study in the
literature using the current software to
investigating the safe volume of the sinus cavity for
the grafting. The safe volume after sinus grafting
means not to interfere with the osteomeatal unit
that hazardous to sinus physiology. In this study,
all included patients were performed successfully
two-stage lateral sinus floor elevation without any
complication. These results confirmed that sinus
augmentation with lateral approach is a safe
procedure when evaluation of maxillary sinus
anatomy by CBCT and 3D elevation of the
membrane are performed.

All volumetric measurements of the sinuses
were performed twice to compare manual and
automatic modes of the software. To the best of our
knowledge, no study evaluated the difference
between manual and automatical estimated
maxillary sinus cavity volumes in the CBCT
images. The automatical volume calculation is
easier to perform and less time consuming than the
manual measurement.  Our study showed an
excellent convenience between the manual and
automatic measuring volumetric data of the sinus
cavity. Although such estimation may not be
suitable for other software, we believe that this tool
might be beneficial for research purposes in further
evaluations through this program.

Published studies comparing left and right
sinus cavity volumes have produced resemble
outcomes. Most of the authors have found no
statistical difference between right and left cavity
in terms of sinus volume.*3* Our results are
consistent with other reported studies. In the
present study, the mean value of the right sinus
cavity volume was 15.37 cm?®, and 15.9 cm? for the
left side, which showed no statistically significant
difference.

In the present study, the authors relied on
CBCT exploration in order to evaluate and
understand physiological changes after LSFE.
Sinus membrane thickness is one of the first post-
surgical inflammatory signs inside the maxillary
sinus cavity after membrane elevation procedure.
The transient swelling of the Schneiderian
membrane after the LSFE has already been
described by Quirynen et al.*® Membrane
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thickening was assessed before and after the sinus
surgery to understand the effect of the procedure on
membrane physiology. The outcomes showed the
fully resolution of the early post-surgical
inflammatory reaction of sinus membrane after the
healing period. These presented results are in
excellent agreement with the previous established
results by different authors.* %’

Some authors reported that healthy
Schneiderian membranes are thicker in individuals
with a thick gingival biotype than in those with a
thin gingival biotype.'** However, our results
showed no correlation between the membrane
thickness and crestal gingival thickness.

Sample size might be a major limitation of this
retrospective study. Moreover, the current study
may be considered as standardized since they were
only augmented with bone grafts without implant
placement. Further studies can be designed to
achieve valuable data about graft volumes used
with different surgical techniques.

CONCLUSIONS

The present study showed that in posterior
maxillary regions with insufficient bone height, the
LSFE technique could achieve a predictable
outcome for implant surgery. According to the
results of this retrospective study, approximately
14.87% of the sinus cavity is occupying by graft
materials after sinus elevation surgery, which
considered as a safe volume. There were no
significant difference between pre-surgical and
post-surgical CBCT scans according to sinus
membrane thickness and patency of osteomeatal
unit. Nevertheless, this retrospective radiographic
study confirmed that sinus augmentation surgery is
a safe procedure in a long term when carefully
planned and all inflammatory reactions totally
subsides after the healing period.
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