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Abstract: The aim of this study is to evaluate anatomical considerations and assess the volume of the
maxillary sinus bone graft. There were sixty-three patients (eighty-three sinuses) who had taken CT
scans for implant surgery. Patients included those whose height of the residual alveolar bone was
less than 5 mm. The position of posterior superior alveolar artery, the thickness of the maxillary sinus
wall, and the volume of the maxillary sinus according to the amount of sinus floor elevation were
measured. The mean vertical distance of posterior superior alveolar artery was 11.91 ± 4.79 mm
from 3.03 mm to 24.05 mm. The mean thickness of the lateral wall was 1.71 ± 0.55 mm in the range
of 0.74 mm to 3.93 mm. The volume of 3 mm, 5 mm, 7 mm, and 10 mm from the sinus floor was
0.173 ± 0.11 cm3, 0.526 ± 0.25 cm3, 1.068 ± 0.43 cm3, and 2.184 ± 0.74 cm3 on average, respectively.
The knowledge of the posterior superior alveolar artery position, the lateral wall thickness, and the
volume of the maxillary sinus can help the clinician for sinus bone graft.

Keywords: cone beam computed tomography; maxilla; maxillary artery; maxillary sinus; sinus
bone graft

1. Introduction

The maxillary sinus is an important anatomical structure due to its anatomical rela-
tionship with posterior maxillary teeth [1]. It begins to develop at 10 weeks of intrauterine
development, increases to a volume of 6–8 cm3 and has empty space with fluid at birth [2].
The maxillary sinus can be shown to be adult size at 18–20 years of age, and the average
maxillary sinus volume is observed to be 15 cm3 [3].

The maxillary sinus pneumatization is the expansion of the sinus towards the alveolar
process [4]. The causes of maxillary sinus pneumatization are poorly understood, but
heredity, environment, infection, density of the bone, growth hormone, sinus air pressure,
sinus surgery, and posterior tooth extraction can cause this process [5,6]. Maxillary sinus
pneumatization and alveolar bone resorption affect the volume and height of the residual
ridge [7]. Especially in the maxillary second molar region, these processes may reduce
available bone; therefore, bone graft may be required during implant surgery [6,8].

The main techniques for sinus bone graft (SBG) are lateral window opening and
crestal approach [9]. Maxillary SBG is considered a successful and predictable approach for
implant surgery [7,9]. However, sinus abnormalities can cause problems during SBG [10].
The average available bone height in edentulous maxilla is classified into 3 classes [11].
Class 1 has a 10 mm residual bone, class 2 has a 5–10 mm residual bone, and class 3
indicates a 0–5 mm residual bone height. In classes 2 and 3, SBG should be considered;
especially in class 3, lateral window opening is preferred over crestal approach.

Schneiderian membrane (SM) perforation is the most common complication during
sinus bone graft, and possible causes for this include maxillary septum, pathological
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condition, or very thin membrane [12,13]. It occurs in 11–58.3% of SBG surgeries [14–16].
SM perforation can occur while preparing the window or reflecting the membrane to access
the sinus [9]. Lateral wall thickness and the angle between the lateral and medial walls are
related to the SM perforation. The thickness of the lateral wall of the maxillary sinus varies
according to sites. The structures such as buttress of zygomatic bone, maxillary tuberosity,
and the canine eminence are related to the thickness [17]. The presence of the maxillary
sinus septum is a potential risk factor for SM perforation and should be considered during
maxillary SBG. When the maxillary sinus septum is present, the clinician should perform
careful manipulation during floor elevation and lateral window opening. The posterior
superior alveolar artery (PSAA) and infraorbital artery supply the lateral wall of maxillary
sinus and SM [8]. These are the branches of the maxillary arteries that supply the lateral
walls and membranes [18–20]. Since they are in close proximity to the lateral window
osteotomy, severe bleeding can occur when the PSAA is damaged during maxillary sinus
bone graft [12]. Damaging this vessel during surgery may interfere with the procedure
as significant bleeding is introduced into the surgical field [21]. Profuse bleeding must be
suppressed immediately by various methods such as firm pressure, direct ligation, bone
wax, and electrocautery [21]. It is important to understand the anatomy of the maxillary
sinus to avoid unnecessary bleeding and perforation of the membrane. Blood vessels with
large diameters have a greater risk of bleeding during the surgery [22].

The aim of this study was to evaluate the anatomical features, such as the height of
the PSAA, lateral wall thickness of the maxillary sinus, and the volume of the maxillary
sinus to be considered during maxillary SBG.

2. Materials and Methods

This retrospective study included 83 sinuses in 63 patients, who visited the Department
of Oral and Maxillofacial Surgery for SBG and implant treatment between January 2015
and July 2020. The height of residual bone was less than 5 mm. The average age of the
patients was 57.37 y and ranged from 28 to 92 y.

For the preoperative evaluation, cone beam computed tomography (CBCT) was taken
(Hitachi, Marunouchi, Japan) and three-dimensional (3D) reconstruction models were
created by reformatting the CBCT scan images on Mimics (18.0.0.025) software (Materialise,
Leuven, Belgium).

For evaluating the position of PSAA, we measured the distance between the lower
border of the artery and the lowest point of inferior border of maxillary sinus on coronal
plane (Figure 1).
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We also measured the thickness of lateral wall of sinus at right immediately below the
external branch of PSAA (Figure 2).

Appl. Sci. 2021, 11, x FOR PEER REVIEW 3 of 9 
 

We also measured the thickness of lateral wall of sinus at right immediately below 
the external branch of PSAA (Figure 2). 

 
Figure 2. Lateral wall thickness was measured at right immediately below the PSAA. 

Sinus cavity was segmented for making the 3D model by setting of threshold value 
with Mimics software and then it was divided into 3 mm, 5 mm, 7 mm, and 10 mm heights 
based on the lowest point of the sinus floor and then the 3D segmented volumes were 
measured according to the height from the sinus floor (3 mm, 5 mm, 7 mm, 10 mm) and 
the total maxillary sinus volume (Figure 3). 

 
Figure 3. 3D modeling of the maxillary sinus. Measuring the volume of the sinus by segmenting it 
into 3 mm, 5 mm, 7 mm, and 10 mm from the lower point of the sinus. 

In order to measure the height of the residual bone, the vertical distance between the 
tangents of the lower point of the maxillary sinus and the crest of the residual bone was 
evaluated. A septum of maxillary sinus was identified in CBCT images (Figure 4). 

   
(A) (B) (C) 

Figure 4. The height of residual bone and presence of septum. Measured from the crest of alveolar 
bone to the sinus floor (A), septum is shown in CT image (B), and clinical picture (C). 

Figure 2. Lateral wall thickness was measured at right immediately below the PSAA.

Sinus cavity was segmented for making the 3D model by setting of threshold value
with Mimics software and then it was divided into 3 mm, 5 mm, 7 mm, and 10 mm heights
based on the lowest point of the sinus floor and then the 3D segmented volumes were
measured according to the height from the sinus floor (3 mm, 5 mm, 7 mm, 10 mm) and
the total maxillary sinus volume (Figure 3).
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Figure 3. 3D modeling of the maxillary sinus. Measuring the volume of the sinus by segmenting it
into 3 mm, 5 mm, 7 mm, and 10 mm from the lower point of the sinus.

In order to measure the height of the residual bone, the vertical distance between the
tangents of the lower point of the maxillary sinus and the crest of the residual bone was
evaluated. A septum of maxillary sinus was identified in CBCT images (Figure 4).

Statistical analysis was calculated using SPSS 20.0 (IBM, New York, NY, USA). The
normal distribution was verified through the Kolmogorov–Smirnov test, and the statistical
method according to each result was used. Statistical significance was verified through the
Mann–Whitney U test, independent t-test and chi-square test. A p value of 0.05 was set for
statistical significance.

This study protocol was approved by the institutional ethics committee. Written
informed consent was obtained from all of the patients. (CUDHIRB 1902007)
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3. Results
3.1. The Height of the Posterior Superior Alveolar Artery (PSAA)

The average height of PSAA was 11.91 ± 4.79 mm, ranged from 24.05 mm to 3.03 mm.
In the comparison of the results according to gender, 11.94 ± 5.08 mm in male and
11.87 ± 4.40 mm in female were shown, and there was no significant difference (Table 1).

Table 1. Height of the posterior superior alveolar artery (PSAA).

Height from the Sinus Floor

Mean ± S.D. Maximum Minimum

Height (mm) 11.91 ± 4.79 24.05 3.03

(Mean ± S.D.)

Gender p-Value
Male Female

Height (mm) 11.94 ± 5.08 11.87 ± 4.40 0.952
Statistically significant p < 0.05; independent t-test.

3.2. Lateral Wall Thickness of the Maxillary Sinus

Lateral wall thickness of the maxillary sinus was 1.71 ± 0.55 mm on average; the
maximum was 3.93 mm and the minimum was 0.74 mm. Depending on the gender, it
was 1.76 ± 0.60 mm for male and 1.63 ± 0.44 mm for female. There was no significant
difference by gender (Table 2).

Table 2. Lateral wall thickness of the maxillary sinus.

(Mean ± S.D.)

The Lateral Wall Thickness

Mean ± S.D. Maximum Minimum

Thickness(mm) 1.71 ± 0.55 3.93 0.74

(Mean ± S.D.)

Gender p-Value
Male Female

Thickness(mm) 1.76 ± 0.60 1.63 ± 0.44 0.830
Statistically significant p < 0.05; independent t-test.

3.3. The Volume of the Maxillary Sinus

In the case of maxillary sinus volume, there was no significant difference according to
gender. The average total volume of the maxillary sinus was 12.104 ± 4.82 cm3, and average
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volume of maxillary sinus according to the height from the sinus floor was 0.173 ± 0.11 cm3,
0.526 ± 0.25 cm3, 1.068 ± 0.43 cm3, and 2.184 ± 0.74 cm3 at 3 mm, 5 mm, 7 mm, and 10 mm
respectively (Table 3).

Table 3. Volume of maxillary sinus.

(Mean ± S.D.)

The volume of maxillary sinus

Mean ± S.D. Maximum Minimum

3 mm (cm3) 0.173 ± 0.11 0.570 0.038
5 mm 0.526 ± 0.25 1.304 0.104
7 mm 1.068 ± 0.43 2.372 0.208
10 mm 2.184 ± 0.74 4.334 0.493
Total 12.104 ± 4.82 25.812 0.495

(Mean ± S.D.)

Gender p-Value
Male Female

3 mm (cm3) 0.158 ± 0.11 0.197 ± 0.11 0.082
5 mm 0.513 ± 0.25 0.547 ± 0.25 0.051
7 mm 1.065 ± 0.44 1.072 ± 0.42 0.947
10 mm 2.198 ± 0.77 2.161 ± 0.70 0.825
Total 11.800 ± 5.158 12.587 ± 4.25 0.472

Statistically significant p < 0.05; Mann–Whitney test, independent t-test.

3.4. The Height of Residual Bone

The average height of the residual bone was 2.97 ± 1.08 mm. There was no significant
difference in the height of the residual bone according to the gender (Table 4).

Table 4. The height of residual bone.

Height from the Sinus Floor to Residual Crest

Mean ± S.D. Maximum Minimum

Height 2.97 ± 1.08 4.98 0.93

(Mean ± S.D.)

Gender p-Value
Male Female

Height (mm) 2.92 ± 1.14 3.05 ± 1.00 0.595
Statistically significant p < 0.05; independent t-test.

3.5. The Septum of the Maxillary Sinus

The septum was found within 28 maxillary sinuses (33.7%) (Figure 5).
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4. Discussion

Inadequate bone quantity on posterior maxillary area may be associated with maxillary
sinus pneumatization, which may contribute to a further decrease of the available bone for
implant placement [23]. Maxillary SBG is a predictable technique to increase available bone
for implant surgery [7,24]. In order to avoid unnecessary complications such as arterial
bleeding and perforation of SM, it is important to know the clinical anatomy for SBG.
For evaluating the location and size of PSAA, CBCT is the most appropriate method for
detecting vessel [25]. If unnecessary bleeding occurs during SBG, it is caused by injury
of PSAA. This can be prevented by recognizing the position of the PSAA in preoperative
CT scan and paying attention to preserving the vessel during operation. In this study,
PSAA was 11.94 ± 5.08 mm in male and 11.87 ± 4.40 mm in female, and residual bone was
2.92 ± 1.14 mm in male and 3.05 ± 1.00 mm in female on average. In anatomical studies,
this distance of PSAA has been shown as 18.9 mm (Kim et al.), 18 mm (Güncü et al.) and
19.6 mm (Mardinger et al.) [8,26,27]. Pandharbale et al. reported that the distances from
inferior margin of PSAA to the middle of interdental alveolar crest were 17.19–17.75 mm
on first molar and 17.00–17.17 mm on second molar [28]. Kim et al. found that there
was no significant difference between age and gender [27]. In this study, we included the
patient who had residual bone less than 5 mm and measured the distance of PSAA from
the inferior border of maxillary sinus; thus, the distance was smaller than previous studies.

Lateral wall thickness can affect the operation time for making a lateral window and
the perforation of the SM [3]. In this study, lateral wall thickness was 1.71 mm on average,
maximum 3.93 mm, and minimum 0.74 mm. Danesh et al. found that the state of teeth
(dentate state or edentulous state) did not affect the lateral wall thickness and indicated the
lateral wall thickness was 1.98 mm on average [29]. Yang et al. found that the lateral wall
thickness was 1.75 ± 0.80 mm in edentulous patients [19]. This is very similar to our results.
Neiva et al. reported that lateral wall thickness of the white skulls was 0.91 ± 0.43 mm
on average [20]. It was thinner than the results of the current study. The reason for this
difference is due to the different point of measuring site.

To predict the amount of graft materials for SBG, we measured the sinus volume
according to the heights of SBG. Lee et al. reported that the volume of sinus measured
at 5 mm height was 0.55 ± 0.41 cm3, and 2.11 ± 0.68 cm3 at 10 mm height [30]. Kim
et al. reported that the volume of sinus measured at the height of 5 mm and 10 mm was
0.56 ± 0.13 cm3 and 2.35 ± 0.57 cm3, respectively [31]. These results of volume for SBG
were similar to this study, 0.526 ± 0.25 cm3 at 5 mm and 2.184 ± 0.74 cm3 at 10 mm. In this
study, the total sinus volume was 12.104 ± 6.56 cm3 on average and there was no difference
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with gender. The average volumes of the maxillary sinus were 14.05 cm3, 15.7 cm3, and
20.740 cm3 [5,32,33]. This difference could be due to racial or technical differences. As
with other authors, no differences were found with respect to the patient’s sinus volume
according to gender [4,34–36]. Aktuna et al. reported that the volume of the maxillary sinus
increased with age [37,38]. Septum is one of the reasons for membrane perforation during
SBG. The prevalence of the sinus septum was reported as 55.2%, 16.1%, 26.5% [2,8,39], and
33.7% in this study.

This study has limitations in terms of volume analysis. In order to predict the volume
before surgery, it is necessary to investigate the amount of grafted material at the time
of the actual surgery. Therefore, further study is necessary to evaluate the volume of the
grafted bone in actual patients and to compare the time-dependent changes regarding the
volume of grafted bone through CBCT analysis.

5. Conclusions

PSAA is located at 11.91 ± 4.79 mm on average from the lowest point of the maxillary
sinus floor. The clinician should confirm the position of PSAA in CBCT when available bone
is not adequate due to the pneumatization and resorption of residual bone. Perceptions
of the lateral wall thickness can reduce the operation time and unintentional perforations.
The maxillary sinus septum was found in 33.7% of all patients, regardless of gender and
age. If there is a maxillary sinus septum, the operator needs to put a surgical plan into
consideration. The amount of graft materials according to the height was 0.173 cm3 (3 mm),
0.526 cm3 (5 mm), 1.068 cm3 (7 mm), 2.184 cm3 (10 mm) on average. These results can help
the clinicians in regards to sinus bone graft.
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