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location relative to the lateral wall of the maxillary sinus, and distance of the
PSAA to the sinus floor. The prevalence of any additional branches of the
PSAA was recorded. Results: The PSAA was identified bilaterally in 150 cases
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(14.6%). The intraosseous course was most frequent in the molar region and
a near-equal distribution between intraosseous and beneath the sinus mem-

License (CC BY 4.0). brane in the premolar region. The mean diameter of the PSAA was 1.67 + 0.34
http://creativecommons.org/licenses/by/4.0/ mm. The distance to the maxillary sinus floor measured 13.46 + 4.24 mm,
whereas the distance to the alveolar crest was 22.53 + 2.32 mm. Two branches

of the PSAA were observed in 27.34% (n = 82) of the cases. On average, the
second branch was 12.34 * 3.65 mm from the maxillary sinus floor and 21.89
+ 3.51 mm from the alveolar crest. Conclusion: Antrostomy preparation
should be performed as mesial and as low as possible with a slight inferior
curve around the area of the second premolar and first molar.
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1. Introduction

Dental implant-supported prostheses are used worldwide due to their high sur-
vival and success rates [1]. One of the most fundamental requirements in implant
placement is the availability of adequate bone volume to attain adequate primary
stability. However, the atrophic posterior maxilla often presents a challenge due
to insufficient vertical bone height. This deficiency arises from alveolar ridge re-
sorption and maxillary sinus pneumatization, making implant placement surgically
demanding [2]. To overcome this limitation, sinus floor elevation (SFE) is com-
monly performed to increase vertical bone volume, allowing for implant place-
ment and grafting with biomaterials [3]. When the remaining subantral bone height
is less than 4mm, the lateral window approach is a commonly used technique in
which a bony window is created to access the antral cavity [4].

During SFE, intraoperative complications such as perforation of the Schneider-
ian membrane and hemorrhagic episodes due to vascular injury do sometimes
occur [5]. Specifically, the posterior superior alveolar artery (PSAA), a critical struc-
ture closely related to the lateral sinus wall, can be lacerated or transected by rotary
instruments during lateral window preparation. Although the haemorrhage from
this vessel may not be life-threatening, it can cause visual obstruction of the sur-
gical field, thus making membrane perforation more likely [6].

The PSAA originates from the maxillary artery’s third (pterygopalatine) seg-
ment. It branches off within the pterygopalatine fossa, either as a single vessel or
in conjunction with the infraorbital artery, and exits through the pterygomaxillary
fissure. It then travels forward and is intimately related to the lateral wall of the
maxillary sinus [7]. Here, it provides arterial supply to the maxillary sinus and the
maxillary premolar and molar teeth. Although the general anatomy is reasonably
well documented, the vessel exhibits substantial variations in its diameter and course
[8]. Such variations put the vessel at risk of iatrogenic injury with consequent haem-
orrhage not only during placement of dental implants in the posterior maxilla but
also during open sinus lifts, Caldwell-Luc surgeries, Le Fort 1 osteotomies, and
osteosynthesis of maxillary fractures [9].

Literature on the subject reveals that the PSAA is affected by factors such as
gender, geographical location, and ethnicity of the subjects being studied [8]. No-
tably, some of the most intriguing variations involve the artery’s relationship with
the lateral wall of the maxillary sinus. The PSAA may be embedded in the lateral
bony wall of the sinus, situated beneath the sinus membrane within the sinus, or
on the external cortex of the lateral wall. Furthermore, the distance between the

artery and key landmarks, such as the maxillary sinus floor and the alveolar crest,

DOI: 10.4236/0jst.2025.1511029

316 Open Journal of Stomatology


https://doi.org/10.4236/ojst.2025.1511029

K. Sarna et al.

is highly variable, which can have significant clinical implications [9]-[12]. In pur-
suit of optimal imaging modalities to evaluate PSAA variations, cone beam com-
puted tomography (CBCT) has emerged as a superior choice, offering distinct ad-
vantages such as a reduction in patient radiation exposure by a factor ranging from
1.5 to 12.3 times compared to conventional computed tomography (CT) scans,
thus enhancing patient safety while preserving imaging accuracy [13,14]. Moreo-
ver, CBCT is cost-effective and widely available, rendering it a pragmatic option
for investigating the intricate variations of the PSAA [15] [16]. Studies utilizing
conventional CT scans report a lower prevalence rate of the PSAA, raising perti-
nent questions about its suitability for visualizing the PSAA. Therefore, CBCT has
emerged as a compelling and reliable imaging modality [15].

Although numerous studies have investigated anatomical variations of the PSAA,
most have focused on populations from Asia, Europe, and North America. These
studies consistently report differences in the artery’s location relative to the sinus
wall, its calibre, and distances to various landmarks, often influenced by factors such
as ethnicity, gender, and side. However, a significant gap remains in the literature
regarding its characteristics from a predominantly African population, which may
vary considerably in light of previous research on the subject [11] [12] [17]-[19].
To the best of the authors’ knowledge, this is one of the first studies to investigate
the PSAA in a Sub-Saharan setting. Thus, this study aims to provide a compre-
hensive assessment of the PSAA, focusing on key variables such as its diameter,
relationship to the lateral sinus wall, distance to the sinus floor, and alveolar crest,
all of which are crucial considerations during SFE. Such insights are crucial for
enhancing the safety and predictability of SFE, thereby minimizing the risk of in-

traoperative complications and improving patient safety.

2. Materials and Methods

This radiological study was approved by the Kenyatta National Hospital—Uni-
versity of Nairobi Ethics and Research Committee (KNH-UON ERC), protocol
number P814/10/2023. To address the objectives of this research, we conducted a
retrospective cross-sectional study. A waiver for informed consent was approved,
as the scans used in the study were collected retrospectively. The study population
consisted of CBCT scans from dentate adult patients who were referred to Digital
Healthcare Solutions in Nairobi, Kenya, for pretreatment scanning related to den-
tal implants, maxillofacial surgery, orthodontics, endodontics, and oral pathology.
The inclusion criteria of the sample were: 1) Left and right CBCT scan of the full
maxilla; 2) Absence of any notable pathology, growth disorder or defect involving
the maxillary sinus, alveolar process of the maxilla and maxillary teeth; 3) good
quality CBCT free from distortion, artefacts, or foreign bodies; 4) Permanent den-
tition; 5) Presence of all teeth from central incisors to the second molar. Any scans
that did not meet these criteria were excluded from the study. The final sample
group included data from 178 CBCT scans—95 males and 83 females.

The equipment used to acquire CBCT scans was an Orthophos SL digital imag-
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ing system. The images were obtained at 90 kV, 10 mA with a voxel size of 76.5
pum? and a 200 um image resolution. All images were viewed with a 19-inch LCD
monitor (HP L1910, Hewlett-Packard Development Co., Palo Alto, CA, USA)
with 1280 x 1024 pixel resolution. The 3D Slicer medical imaging platform was
used to analyze the scans. To standardize all measurements, the team reviewing
the scans (KS and JN) was calibrated on data collection by a board-certified oral
and maxillofacial radiologist. This process involved a thorough joint review of 32
(18%) representative CBCT scans using the 3D Slicer medical imaging platform,
and an agreement was reached on anatomical reference points, including the lat-
eral sinus wall, alveolar crest, and sinus floor. To assess inter-observer and intra-
observer reliability, 35 CBCT scans (20%) were randomly selected and re-evalu-
ated after a two-week interval. The re-evaluation was blinded to prior measure-
ments. Intra-observer reliability yielded an intraclass correlation coefficient (ICC)
of 0.91, while inter-observer reliability achieved an intraclass correlation coeffi-
cient (ICC) of 0.88, indicating excellent consistency. No statistically significant
differences were found between repeated measurements (p = 0.832), confirming

measurement reproducibility.

Figure 1. (a)—Coronal illustration of the maxilla showing the possible variations of the PSAA
either located beneath the sinus membrane, intraosseously in the lateral wall of the sinus, or
on the external cortex of the lateral wall. MS—Maxillary sinus, SM—Schneiderian membrane,
AC—Alveolar crest. (b)—Coronal illustration of the maxilla showing the measurements per-
formed. A—Distance from the PSAA to the floor of the Maxillary sinus. (c)—Lateral illustra-
tion of the maxilla showing the location in the coronal plane where measurements were made.
PM1—1* premolar, PM2—2"¢ premolar, M1—1% molar, M2—2" molar. (Adapted from
Yang et al. with permission under the Creative Commons Attribution 4.0 International Li-
cense) [20].
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The independent variables were gender and side. Gender was classified as either
male or female, and side was designated as either right or left. The dependent var-
iables were the rate of detection of the PSAA (presence or absence of the PSAA),
the vessel’s diameter, its location relative to the lateral wall of the maxillary sinus
(classified as either intraosseous, beneath the sinus membrane to or on the exter-
nal cortex), the distance of the PSAA from the floor of the maxillary sinus (meas-
ured from the most inferior point of the sinus floor to the inferior border of the
PSAA), and the distance of the PSAA from the alveolar crest (measured from the
mid-point the buccal plate to the inferior border of the PSAA). These observations
and measurements were made at 4 points: region of the first premolar (PM1), sec-
ond premolar (PM2), first molar (M1), and second molar (M2) (Figure 1). In the
event accessory branches of the PSAA were encountered, the additional branch
underwent similar scrutiny.

Statistical analysis was performed using SPSS software (IBM Version 29.0; Ar-
monk, NY). Descriptive statistics were computed and organized in tables. The con-
fidence intervals (CI) and standard error of the mean (SEM) were calculated for
each measurement. To scrutinize any variations of the PSAA, analysis was conducted
to reveal any gender disparities and side differences. The chi-square test was em-
ployed for all categorical variables, while the independent t-test was employed for
all continuous variables. A threshold of P < 0.05 was considered statistically sig-
nificant. This manuscript adheres to the Strengthening the Reporting of Observa-

tional Studies in Epidemiology (STROBE) guidelines.

3. Results
3.1. Sample Characteristics and Rate of Detection of the PSAA

A total of 487 CBCT scans were initially retrieved. Of these, 275 were excluded
during the initial screening due to either incomplete imaging or the absence of the
region of interest. An additional 34 scans were excluded for not meeting the in-
clusion criteria. Ultimately,178 CBCT scans were included in the analysis, com-
prising 95 males and 83 females (Figure 2). The average age of participants was
31.4 £ 5.9 years, ranging from 21 to 37 years. The PSAA was identified bilaterally
in 150 scans (84.3%), belonging to 82 males and 68 females. Unilateral PSAA was
detected in 2 cases on the right side, both of which were males (1.12%). In 26 scans
(14.6%), the PSAA was undetected: 11 males and 15 females. There was no statis-
tically significant difference in the prevalence of the PSAA between males and fe-
males (Chi-square; P = 0.551). Owing to the low detection of unilateral PSAAs,

subsequent analysis was performed on only the bilateral cases.

3.2. Diameter of the PSAA

The adjusted mean diameter of the PSAA was 1.67 + 0.34 mm (SEM = 0.020 mm;
95% CI: 1.64 - 1.72 mm), ranging from 1.04 mm to 2.14 mm. When assessed based
on side, the mean diameter on the right side was 1.64 £ 0.31 mm (SEM =+ 0.025
mm; 95% CI: 1.59 - 1.69 mm), while on the left mean diameter was 1.67 + 0.40
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mm (SEM # 0.033 mm; 95% CI: 1.61 - 1.73 mm). There were no statistically sig-
nificant differences between the left and right sides. Regarding gender dimorphism,
the males had a higher average at 1.81 + 0.30 mm (SEM * 0.033 mm; 95% CI: 1.75
- 1.87 mm) compared to females at 1.52 + 0.34 mm (SEM + 0.041 mm; 95% CI:

1.44 - 1.60 mm). However, this difference was not statistically significant. The

largest values were observed in the M2 region, while the PM1 region exhibited the

smallest diameters across both genders. Statistical analysis revealed significant dif-

ferences between the left and right sides in diameter at several positions, particu-
larly at M2, M1, and PM2 (P-value < 0.05) (Table 1).

Identification

Screening

[ Patient CBCT scans assessed for elgibility ]

Number of CBCT retrieved
(n=487)

Excluded (n = 275)

-Focused on other regions of
interest
-Incomplete scans

A4

CBCT scans screened
(n=212)

Included

Excluded (n = 34)
-Failed to meet inclusion criteria

CBCT scans analysed
(n=178)

Figure 2. STROBE flowchart showing the CBCT screening for the study (STROBE: Strength-
ening the Reporting of Observational Studies in Epidemiology).

Table 1. Diameter of the PSAA at the various anatomical positions by side and gender, with the student t-tests for statistical com-

parison. *Represents statistically significant P-values.

POSITI Of\IlztEGENDER RIGHT # SD (mm) LEFT % SD (mm) MEAN + SD (mm) P-value
Male 2.14 £0.25 2.13£0.25 2.14£0.25 0.018*
Mz Female 1.82 £0.35 2.08 £0.35 1.95+0.35 0.032*
Male 1.99 £ 0.45 2.01 £0.45 2.00 £ 0.45 0.040*
Mt Female 1.65 £ 0.55 1.61 £0.55 1.63 +0.55 0.056
Male 1.64 £ 0.65 1.74 £ 0.65 1.69 + 0.65 0.038*
FM2 Female 1.45+0.75 1.04 £ 0.75 1.25+0.75 0.049*
Male 1.34 £ 0.85 1.51 £0.85 1.42 £0.85 0.122
i Female 1.28 £0.95 1.23 £0.95 1.25+0.95 0.135
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3.3. Location of PSAA Relative to the Lateral Wall of the Maxillary
Sinus

The relationship of the PSAA to the lateral wall of the maxillary sinus was found
to vary across the different tooth positions (Figure 3). In the M2 region, the artery
was primarily located intraosseously (48.3%), followed by the PSAA beneath the
sinus membrane (32.7%), and the least on the external cortex of the lateral sinus
wall (19%). A similar trend was observed in the M1 region, with the intraosseous
location being the most common (65.3%). In comparison, the proportions of PSAA
beneath the sinus membrane and on the external cortex were lower than that of
the M2 region (14% and 20.7%, respectively). In the PM2 region, the artery was
more evenly distributed between the intraosseous (45.7%) and beneath the sinus
membrane locations (43.0%), with the external cortex (11.3%) location being the
least frequent. In the PM1 region, the trend was comparable to PM2, with a nearly
equal distribution between intraosseous (47.0%) and beneath the sinus membrane
(44.7%) positions, while the external cortex location remained the least common
(8.3%). Statistical analysis showed a significant difference in the distribution of
the PSAA across the assessed tooth positions (Chi-square; P =< 0.001) (Table 2).

A binomial analysis revealed no statistically significant differences in the position

of the PSAA across genders.

Figure 3. Relationship of the PSAA (arrows) to the lateral wall of the maxillary sinus: (a) Intraosseous, (b) beneath the sinus mem-

brane, (c) on the external cortex.

Table 2. Distribution of the PSAA across the various tooth positions, with chi-square test for statistical comparison. * Represents

statistically significant P-values.

Beneath the Sinus On the External Cortex of the Lateral

Location Intr % P-val
ocatio aosseous (%) Membrane (%) Sinus Wall (%) vaue
M2 145 (48.3%) 57 (19.0%) 98 (32.7%)
M1 196 (65.3%) 42 (14.0%) 62 (20.7%)
<0.001*
PM2 137 (45.7%) 129 (43.0%) 34 (11.3%)
PM1 141 (47.0%) 134 (44.7%) 25 (8.3%)
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3.4. Distance of PSAA to the Floor of the Maxillary Sinus

The average distance of PSAA to the maxillary sinus floor was 13.46 + 4.24 mm
(SEM =+ 0.245 mm; 95% CI: 12.98 - 13.94 mm), spanning from 3.08 mm to 19.74
mm. When assessed based on side, the mean distance on the right was 13.19 +
2.63 mm (SEM + 0.215 mm; 95% CI: 12.77 - 13.61 mm), while on the left, it was
13.72 + 2.87 mm (SEM % 0.234 mm; 95% CI: 13.26 - 14.18 mm). There was no
statistically significant difference between these values. Regarding gender dimor-
phism, the males had a higher average at 13.70 + 2.92mm (SEM + 0.322 mm; 95%
CI: 13.07 - 14.33 mm) than females at 13.22 + 2.58 mm (SEM # 0.313 mm; 95%
CIL: 12.61 - 13.83 mm). However, this difference was also not statistically signifi-
cant. The results show that the greatest distance from the sinus floor was at the
M2 position. The distance generally decreased at M1 and PM2 and increased as
PM1 was approached. The most significant variability between the males and fe-
males was seen at M2 and PM1, with a statistically significant difference between
the right and left sides (Table 3).

Table 3. Distance of the PSAA to the maxillary sinus floor at the various anatomical positions by side and gender, with the student

t-tests for statistical comparison. * Represents statistically significant P-values.

SIDE

POSITION & GENDER RIGHT = SD (mm) LEFT % SD (mm) MEAN + SD (mm) P-value
Male 13.86 +3.44 15.18 +3.29 14.52 + 3.37 0.001*
M2 Female 13.97 +£2.49 12.85 +3.84 13.41 +3.24 0.054
Male 13.32 +3.61 13.49 + 4.68 13.41 +4.18 0.964
m Female 12.70 +2.70 13.25+3.71 12.97 +3.24 0.889
Male 12.08 + 4.83 13.83 +3.59 12.96 + 4.26 0.526
PM2
Female 12.85 +2.17 12.55 +3.78 12.70 + 3.08 0.137
Male 13.27 + 4.64 14.53 +3.41 13.90 + 4.07 0.192
e Female 13.47 +3.55 14.10 +3.27 13.79 £ 3.41 0.018*

3.5. Distance of PSAA to the Alveolar Crest

The average distance from the PSAA to the alveolar crest was 22.53 * 2.32 mm
(SEM * 0.134 mm; 95% CI: 22.27 - 22.79 mm), with a range spanning from 14.25
mm to 24.19 mm. When assessed based on side, the mean distance on the right
was 22.04 + 2.09 mm (SEM #+ 0.171 mm; 95% CI: 21.71 - 22.37 mm), while on the
left, it was 22.32 £ 2.26 mm (SEM = 0.185 mm; 95% CI: 21.96 - 22.68 mm). There
was no statistically significant difference between the right and left sides. In terms
of gender dimorphism, the males had a higher average at 22.67 + 2.51 mm (SEM
+ 0.277 mm; 95% CI: 22.13 - 23.21 mm) compared to females, which was 22.39 £+
2.12 mm (SEM # 0.257 mm; 95% CI: 21.89 - 22.89 mm). However, this difference
was not statistically significant. The results show that the greatest distance from

the alveolar crest was at the M2 position, with a progressive decrease at M1 and
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PM2, followed by a slight increase at PM1. There was no statistically significant
difference between the right and left sides across most positions, except for M1
(Table 4).

Table 4. Distance of the PSAA to the alveolar crest at the various anatomical positions by side and gender, with the student t-tests

for statistical comparison. *Represents statistically significant P-values.

POSITI O;H;E GENDER RIGHT % SD (mm) LEFT % SD (mm) MEAN * SD (mm) P-value
Male 24.19 £ 1.57 23.86 £1.33 24.03 £1.76 0.224
Mz Female 23.12+£2.93 23.40 +£2.63 23.24 +£2.78 0.741
Male 22.06 £2.16 22.49 +2.47 22.23 £2.39 0.087
ML Female 20.53 £2.02 20.69 =+ 1.76 20.54 £1.91 0.378
Male 20.35 £2.75 20.07 £3.11 20.34 £2.82 0.118
M2 Female 18.91 £2.46 18.99 £ 2.04 19.01 £ 2.46 0.455
Male 22.39+1.73 22.52 +1.44 22.38£1.73 0.276

M1 Female 22.49 £ 1.59 22.01 £1.11 22.52 £ 1.66 0.003*

3.6. Accessory Branches of the PSAA

In 27.34% (n = 82) of maxillary sinus walls, two branches of the PSAA were iden-
tified. The larger branch was analyzed along with the single PSAA cases, while the
smaller branch was analyzed as an accessory branch. The accessory branch was
more commonly positioned below the larger branch, but in a few instances (n =
5), it was located above it. On average, the accessory branch was located at a mean
distance of 12.34 + 3.65 mm (SEM # 0.403 mm; 95% CI: 11.55 - 13.13 mm) from
the maxillary sinus floor and 21.89 * 3.51 mm from the alveolar crest (SEM *
0.388 mm; 95% CI: 21.13 - 22.65 mm). The average distance between the two
branches was 3.23 + 1.51 mm (SEM = 0.167 mm; 95% CI: 2.90 - 3.56 mm).

4. Discussion

Lateral SFE is frequently carried out in cases where the vertical height of the re-
sidual alveolar ridge is less than 4mm to facilitate Schneiderian membrane detach-
ment and lifting from the maxillary sinus floor, followed by grafting [3]. However,
given that the Schneiderian membrane has an average thickness of just 1.17 £ 0.1
mm, it is prone to perforation during the procedure [21]. This risk is further am-
plified when haemorrhage from the PSAA obscures the surgical field, making vis-
ualization and manipulation more challenging. Injury to the PSAA most often oc-
curs when rotary instruments are used to create the lateral bony window, empha-
sizing the need for precise surgical technique. As a result, lateral SFE can be par-
ticularly demanding for inexperienced clinicians and even seasoned surgeons. De-
signing an optimal lateral window is one of the most critical steps in ensuring a
smooth procedure. It must be large enough to provide adequate visibility, allow for

safe Schneiderian membrane elevation, and facilitate the proper placement of bone
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graft material. Achieving this requires a comprehensive preoperative analysis of
the maxillary sinus, considering potential anatomical variations of the PSAA [22],
which may be influenced by population-specific differences in craniofacial mor-
phology and sinus pneumatization patterns that are known to vary among various

groups.

4.1. Rate of Detection of the PSAA

In the present study, the PSAA was detected in 84.3% of cases—a rate similar to
that reported in Turkish (80.6% and 89.3%) and Iranian (87.0%) populations [11]
[18]. In contrast, detection rates in other populations have been higher among
Malays (91.6%), Iranians (93.0%), and Thais (94.6%), and lower among Japanese
(74.5%), Iranians (71.0%), Indians (70.0%), Americans (64.5% and 52.9%), Israe-
lis (55.0%), and French (10.5%) [9] [10] [12] [13] [15] [19] [23]-[26]. Studies using
CT scans report lower detection rates than those employing CBCT. This is likely
because CT, with a spatial resolution of 0.5 to 0.8 mm, may miss finer canals, mean-
ing that an undetected PSAA on CT does not confirm its absence [26]. In contrast,
cadaveric studies report a 100% detection rate, suggesting that radiological imag-
ing may underestimate the true prevalence of the PSAA [27]-[29]. These discrep-
ancies in radiological detection rates likely stem from differences in imaging equip-
ment, techniques, CBCT data interpretation, and the inherent challenges of visu-

alizing small-calibre vessels.

4.2. Diameter of the PSAA

In the present study, the mean diameter of the PSAA was 1.67 + 0.34 mm, which
is higher than that reported in the existing literature [10] [15] [16] [30] [31].
Larger arteries pose a more significant potential for significant hemorrhagic epi-
sodes. Apostolakis et al. highlighted that vessels with a diameter greater than 2 mm
could lead to excessive bleeding but non-life-threatening complications [32]-[34].
Our findings indicate that the largest diameters of the PSAA are found in the M2
and M1 regions, where the average diameter exceeds the 2mm threshold. This em-
phasizes the importance of vigilance on the surgeon’s part, as extending the lateral
window approach too far posteriorly may increase the likelihood of more severe

haemorrhage.

4.3. Location of PSAA Relative to the Lateral Wall of the Maxillary
Sinus

A large proportion of existing studies evaluate the relationship of the PSAA to the
lateral wall of the maxillary sinus at a single location and generalize those findings
for the entire course of the vessel [10] [12] [18]. In contrast, the present results
demonstrate that this relationship is dynamic and changes along the PSAA’s path.
Specifically, although most vessels were intraosseous in the region of M2 (48.3%),
a considerable proportion (32.7%) was observed on the external cortex. More an-

teriorly, in the M1 region, the intraosseous position was observed to have increased
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(65.3%), while the proportion on the external cortex decreased (20.7%), indicating
that some vessels had traversed the bone to adopt an intraosseous course. Further
anteriorly, in the PM2 and PM1 regions, the PSAA was almost equally distributed
between intraosseous and beneath the sinus membrane, suggesting an additional
shift as the vessel pierced the medial aspect of the lateral wall to now enter the
maxillary sinus. Nevertheless, compared with the systematic review and meta-
analysis by Radmand et a/, the findings of this study are concordant in demon-
strating that the most frequent location of the PSAA is intraosseous, with no sig-
nificant influence of gender on arterial positioning [17].

There is a scarcity of data concerning the investigation of dynamic changes in
the relationship between the PSAA and the lateral wall of the maxillary sinus at
different locations among the African population groups. However, this information
is highly significant when utilizing a lateral window approach to the sinus. Varia-
tions in the PSAA’s positioning can elevate the risk of bleeding and hinder the heal-
ing process. This variability is essential for accurate preoperative planning, which
includes thorough radiographic assessments to identify and safeguard the PSAA.
Understanding how the artery might penetrate or navigate through the bony wall
is vital for refining surgical techniques, thereby reducing the risk of haemorrhage

and other potential complications.

4.4. Distance of PSAA to the Floor of the Maxillary Sinus

The average distance from the PSAA to the maxillary sinus floor in the present
study was 13.46 + 4.24 mm, falling within the range reported for Thai and Malay
populations [9] [24], but exceeding the mean of 8.85 + 0.4 mm described for Egyp-
tian, Korean, Iranian, Chinese, and Turkish groups [8] [16] [35]-[40]. Such dif-
ferences may be due to geographic and genetic factors. Notably, because the artery
in our sample is positioned slightly higher than the international mean, surgeons
may have somewhat more leeway when planning the location of the lateral win-
dow during SFE. This study also reveals a previously undescribed trend: the dis-
tance from the PSAA is greatest in the M2 region, descends toward M1 (reaching
its lowest point near PM2), and ascends again in the PM1 region. From a clinical
standpoint, this indicates that the surgeon must exercise caution around the area
of the second premolar and the first molar, as the PSAA is located at a more infe-
rior compared to the first premolar and second molar regions.

Opverall, no statistically significant sex-based differences were found, consistent
with results in Malays, Indians, Koreans, and Tehranis [9] [15] [41] [42], although
greater distances have been reported in males among Thai and Turkish popula-
tions [24] [38].

4.5. Distance of PSAA to the Alveolar Crest

The distance of the PSAA to the alveolar crest was found to be 22.53 + 2.32 mm
in the present study. This is higher than the means reported among the Iranian,
Turkish, Korean, Columbian, Spanish, and Indian groups [8] [10] [11] [30] [31]
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[35] [39] [43]-[45]. Based on existing literature, a distance of 15mm superior to
the alveolar crest is considered safe for placement of the osteotomy in the lateral
window approach to the maxillary sinus [17]. Our study corroborates these find-
ings as the average reported in this study is more than adequate. These findings
may influence not only sinus augmentation procedures but also the selection of
implant length in the posterior maxilla. Of note is that in the M1 and PM2 regions,
the vessel descends slightly inferiorly than in the M2 and PM1 regions, a finding
that has not yet been explored further in the literature. The distance between the
alveolar crest and the PSAA is not significantly affected in partially edentulous
patients and may be comparable to dentate patients. The existing literature indi-

cates that it changes significantly only in fully edentulous cases [17].

4.6. Accessory Branches of the PSAA

Two branches of the PSAA were found in 27.34% of cases in this study. This is
lower than that described in the Malays but higher than the Egyptian population
groups [9] [16]. The importance of this finding is that when performing elective
surgeries, such as the Caldwell-Luc operation, Le Fort I osteotomy, and SFE, the
position of these branches should be known to avoid bleeding that may obscure

the surgical field and lengthen procedure times [9].

4.7. Clinical Surgical Implications

Taken together, the anatomical patterns demonstrated in this study highlight that
the PSAA follows a regionally variable and surgically consequential trajectory,
which must be accounted for in lateral sinus floor elevation. The artery does not
maintain a uniform position; rather, its course shifts progressively along the pos-
terior maxilla, altering its depth and proximity to key surgical landmarks. The in-
crease in vessel diameter in the molar region, combined with its closer relationship
to both the sinus floor and alveolar crest around the first molar and second pre-
molar, designates this zone as the highest-risk corridor for intraoperative hemor-
rhage. Furthermore, the transition from an external cortical or intraosseous course
posteriorly to a sub-membranous path anteriorly means that the artery may be
encountered at different layers of dissection, requiring the surgeon to adjust both
window height and depth of bone removal dynamically rather than adhering to a
standardized profile. These multidimensional variations mean that the lateral win-
dow design must be site-specific, guided by the actual vascular topography re-
vealed radiographically, rather than derived from generalized textbook distances.
Therefore, high-resolution CBCT evaluation is not merely recommended but clin-
ically indispensable, serving as the basis for tailoring the osteotomy, minimizing

Schneiderian membrane perforation, and reducing arterial injury risk.

4.8. Avoiding Damage to the PSAA Intraoperatively

Maintaining a low window antrostomy design with a mesiodistal extent of 15-

20mm is advisable [4] [46]. A window height of 6-8mm at most prevents damage
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to most intraosseous vessels. Anteriorly, the osteotomy line should be placed flush
with the anterior wall of the sinus to eliminate blind spots caused by the mesial
recess. Inferiorly, the lower horizontal line should also be flush with the sinus floor
to remove any residual bone wall that might obstruct the detachment of the sinus
membrane. Distally, the osteotomy window should correspond to the location of
the most posteriorly planned implant. From the current study, we recommend
that the superior horizontal line should not be perfectly straight. Instead, it should
have a slight inferior (coronal) curve around the area of the second premolar and
first molar when compared to the first premolar and second molar regions. This
adjustment will help prevent injury to the PSAA, which is generally located closer
to the sinus floor and alveolar crest in these specific areas.

Computer-guided antrostomy using surgical stents designed in dedicated soft-
wares has been advocated to improve the surgical accuracy of SFE [47]. Although
promising, this technique has not been systematically evaluated in large-scale clin-
ical studies; the current evidence supporting its application remains largely anec-
dotal. Consequently, it remains imperative for the clinician to possess a sound un-
derstanding of maxillary sinus anatomy, particularly variations in the PSAA course
and location, to accurately interpret CBCT data and plan the antrostomy even
when using digital guides.

A thorough understanding of anatomical variations, such as the presence of
multiple arterial branches, an external cortical course of the artery, or the prox-
imity of a sinus septum to the osteotomy site, is also critical. To enhance safety
and control, it is advisable first to thin the lateral sinus wall using ultrasonic in-
strumentation before fully opening the window. This staged approach facilitates
early identification of the PSAA as it courses either intraosseously or beneath the
Schneiderian membrane, enabling the surgeon to adjust the antrostomy design and
avoid vessel injury [48].

The use of piezoelectric surgical devices allows for precise bone cutting while
preserving adjacent soft tissue structures, including the PSA A [49]. Several studies
have reported that piezoelectric systems, compared to conventional rotary instru-
ments, are associated with significantly fewer intraoperative complications [48]
[49].

Preoperative CBCT evaluation should, therefore, be mandatory to identify
high-risk vascular structures and adapt the antrostomy design accordingly, reduc-

ing the risk of intraoperative bleeding and membrane perforation.

4.9. How to Manage Intraoperative Bleeding from the PSAA

In cases of significant intraoperative bleeding, it is recommended to apply direct
pressure using gauze initially and to utilize a localized vasoconstrictor. Should the
haemorrhage continue and the affected vessel is intraosseous, alternative methods
may involve the application of bone wax, compressing the bone channel surround-
ing the vessel with a hemostat, or employing electrocauterization [5] [50]. How-

ever, caution must be exercised with the latter as this may risk the integrity of the
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sinus membrane. It is also suggested that it may be beneficial to avoid suturing

the distal incision site as this may facilitate the expulsion of any clots [51].

5. Strengths and Limitations

The strength of the present study is in its rigorous methodology, which involved
evaluating multiple parameters of the PSAA in an underrepresented population.
Nevertheless, the study had a limitation the sample consisted exclusively of pa-
tients who were fully dentate in the posterior maxilla. As such, the measurements
relating distance from the alveolar crest are specific to dentate individuals and may
not be directly generalizable to edentulous cases, where alveolar bone resorption
alters crest height and morphology. Additionally, this study consisted of a rela-
tively small sample size of 178 CBCT scans, which may limit its generalizability
and may not apply to patients exhibiting the less common unilateral vascular anat-
omy. Although this falls within the range of other studies that focus on the PSAA,
further studies would be necessary to corroborate these findings in this population
group. Furthermore, the CBCT imaging system used had an inherent slice thick-
ness of 0.3 mm, which could be considered a limitation in detecting smaller-di-
ameter PSAA. Future research studies with a larger sample size could provide data

that is much more generalizable.

6. Conclusion

Preoperative radiological evaluation of the maxillary sinus using CBCT scanning
is essential for identifying the presence, location, variations, and dimensions of
the PSAA. In the second molar region, the PSAA is found extraosseous and then
follows an intraosseous pathway in the first molar area, eventually assuming a me-
dial position of the lateral maxillary wall, specifically in the premolar region. The
PSAA is found 13.46 mm superior to the maxillary sinus floor and 22.53 mm su-
perior to the alveolar crest. The PSAA is in a much coronal position in the region
of the second premolar and first molar. In the absence of a surgical guide, it would
be recommended that the antrostomy preparation for the lateral SFE be performed
as mesially and as low as possible with a slight inferior (coronal) curve around the
area of the second premolar and first molar to avoid encountering PSAA or its

variants.
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