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Abstract

using CBCT sections.

females on both sides.

the pterygomaxillary region.

&

Introduction: This study aimed to evaluate the anatomy of the pterygomaxillary region and the position of the descending palatine artery

Methods: In this analytical cross-sectional study, an evaluation of CBCT scans from 280 patients was undertaken. Axial sections of these
images were utilized to determine the thickness, width, and location of the descending palatine artery, as well as the length of the pterygoid
plates within the pterygomaxillary region. Convenient sampling was employed to gather these CBCT scans.

Results: The mean anterior length was higher in men (41.1 + 5.6 vs.39.8 + 6.2) (both with P<0.05). The mean length of lateral plate was
12.07 £ 2.2 and 11.1 + 2.5 mm in men and women, respectively on the right side (P=0.001) and it is significantly higher in men (12.5 + 4.7
vs. 11.1 + 2.5) on the left side (P=0.002). The mean length of the medial plate in men and women was nearly similar and significant on the
left side (P=0.005). The thickness of the trigomaxillary region and the nerigoid appendage were not significantly different in men and
women and both sides. It has been determined that the distance between the descending palatine canal and the priform rim is longer in

Conclusion: The intricate morphology of the pterygomaxillary region can harbor anatomical variations that increase the risk of specific
complications during Le Fort | osteotomy. To mitigate these potential risks, pre-operative imaging with CBCT is crucial for scrutinizing
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Introduction

Le Fort | osteotomy, a time-honored and dependable
surgical technique, stands as a widely employed method
for rectifying maxillofacial anomalies *. Pioneered by von
Langenbach in 1859 for addressing nasopharyngeal
polyps 2, Le Fort | surgery has evolved into a mainstay
treatment  option, lauded for its  technical
straightforwardness, its applicability in addressing a
multitude of aesthetic and functional deformities, and its
relatively low complication rate 3. While generally
considered a safe procedure, a substantial body of
literature has documented a range of complications
associated with Le Fort | osteotomy ¥ % Among these,
pterygomaxillary separation (PMS) bears significant
responsibility for the more severe complications arising
from this procedure *.

The trigomaxillary junction, one of the sutures
disrupted during Le Fort | surgery , is a complex three-
dimensional structure that articulates the maxilla and the
pterygoid plates of the sphenoid bone . Its morphology
can be characterized by the thickness, height, and angle
formed by the bone union relative to the mid-sagittal
plane of the skull & The lower portion of this region
originates at the juncture between the maxilla's tuberosity
and the pterygoid plate, while its upper portion constitutes
the base of the pterygoid fissure and behind this intricate
area lies the pterygoid network, with its inner aspect
abutting the larger palatine foramen .. Due to the
complexity of the trigomaxillary junction and the
difficulty in directly visualizing it during Le Fort |
maxillary ~ osteotomy, obtaining ~ comprehensive
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information about its morphology is of paramount
importance .

Cone beam computed tomography (CBCT), a widely
employed imaging modality in the maxillofacial region,
offers the unique advantage of visualizing anatomical
structures in three orthogonal planes: coronal, sagittal, and
axial > This three-dimensional representation effectively
eliminates the potential for anatomical landmarks to
overlap, minimizing observation errors and enhancing the
accuracy of diagnosis and treatment planning ** . The
intricate anatomy of the trigomaxillary region, which
encompasses a multitude of anatomical landmarks,
necessitates the utilization of 3D imaging tools over
conventional 2D methods to prevent the superposition of
these structures and ensure precise assessment *2,
Furthermore, given its lower radiation exposure compared
to conventional computed tomography (CT), CBCT
emerges as an optimal imaging modality for evaluating
the trigomaxillary region 2,

To safeguard the maxillary artery during
pterygomaxillary separation, a crucial step in Le Fort |
osteotomy, thorough knowledge of the morphometric
features of the PMJ is essential. These features, including
its thickness, width, and height, play a pivotal role in
determining the surgical approach and minimizing the risk
of vascular injury . This study aimed to evaluate the
anatomy of the pterygomaxillary region and the position
of the descending palatine artery using CBCT sections.

Methods

Ethical approval for this study was granted by the
Research Ethics Committee of Urmia University Sciences
(approval number: IR.UMSU.REC.1401.084). In this
analytical cross sectional study, complying with the
study's criteria, a retrospective evaluation of CBCT
images from 280 patients was conducted, assessing the
thickness and width of the pterygomaxillary region, the
location of the descending palatine artery, and the length
of the pterygoid plates on axial sections. These CBCT
images were conveniently selected from January 2022 to
December 2022 at Urmia University's Faculty of
Dentistry, Oral and Maxillofacial Radiology Department.
The inclusion criteria were high-quality and clear CBCT
images, CBCT images of individuals between the ages of
18 and 75 years, and images with adequate visualization
of the bilateral trigomaxillary region. Exclusion criteria
were images with incomplete coverage of the target area,
the presence of defects or pathology in the posterior
region, previous tumor or cyst surgery, trauma or
orthognathic surgery history, artifacts affecting image
quality.
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Examination of the CBCT Images
The CBCT images analyzed in this study were obtained
using Planmeca Promax 3D Did (Planmeca, Helsinki,
Finland) devices. These images provided comprehensive
visualization of the maxilla and the pterygoid process of
the sphenoid bone in the axial sections. The field of view
(FOV) adapted to individual patient requirements, ranging
from 15 to 16 cm. The scanning parameters were set at 90
kVp, 12 mA, and a scan time of 13.85 seconds. The
images were composed of 0.4 x 0.4 x 0.4 mm voxels. The
image evaluation was conducted using the R program in
conjunction with the medical computer Planmeca
Romexis 2.7.0., equipped with an NVIDIA QUADRO
FX380 graphics card of 24-inch size and 720 x 1080
pixels resolution. This task was undertaken by an Oral
and Maxillofacial Surgeon. Subsequently, 10% of the
images were reevaluated by an Oral and Maxillofacial
radiologist, and the observer variation was statistically
assessed.

Measurements Performed on the CBCT Images

Coronal views, which provide a comprehensive depiction

of the nasal bone, served as reference images for

generating secondary reconstructions. On these coronal
images, a sagittal guideline was positioned along the
midline of the anterior nasal spine. This guideline was
used to reconstruct a secondary sagittal image. The
sagittal image was then obtained from the reference
coronal image. Next, guiding points were marked on axial
images at specific locations: Point A, 2 mm superior to

the approximate center of the nasal floor; and Point B, 5.2

mm superior to the approximate center of the nasal floor.

Axial slices were obtained between these points, and the

axial slice with the clearest visualization of the

pterygomaxillary region was selected for measurements.

Target distances were measured according to standardized

definitions established based on the findings and methods

of previous studies *' *°.

1. Anterior Length (Ant Length): The distance between
the pyriform rim and the most anterior point of the
descending palatine canal.

2. Lateral Plate Length (LP Length): The shortest distance
between the most posterior point of the lateral
pterygoid plate and the most concave point of the
pterygomaxillary fissure (Figure 1, part B).

3. Medial Plate Length (MP Length): The distance
between the most posterior point of the medial
pterygoid plate and the most medial point of the
pterygomaxillary fissure line (this line passes through
parallel to the coronal guide line passing through the
most concave point of the pterygomaxillary junction.)
(Figure 1, part C).
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Figure 1. Axial view of the pterygomaxillary region in
CBCT imaging by measuring the anterior plate of the
pterygoid area (A), the lateral plate of the pterygoid (B) and
the medial plate of the pterygoid

4. The thickness of the pterygoid process (Thickness of
PP): The distance between the pterygomaxillary
fissure line and the deepest point of the pterygoid fossa
(Figure 2, part B)

Figure 2. Axial view of the pterygomaxillary region in
CBCT imaging by measuring the distance between the
trigomaxillary groove and the palatine canal (A) and
measuring the thickness of the pterygoid appendages (B).

5. The thickness of the pterygomaxillary region
(Thickness of PMR): The shortest distance between
the deepest point of the pterygoid fossa and the
posterior wall of the maxillary sinus (Figure 3).

6. The distance between the pterygomaxillary fissure and
the descending palatine canal (PMF-DPC): The
shortest distance between the most concave point of
the pterygomaxillary fissure laterally and the
descending palatine canal (Figure 3, part A).
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Figure 3. Axial view of the pterygomaxillary region in
CBCT imaging with the measurement of the thickness of the
trigomaxillary region

Upon completing the measurements (recorded in
millimeters), the collected data, accompanied by relevant
demographic information (gender) and the studied side
(right/left), was encoded and entered into SPSS version 27
software for statistical analysis in accordance with the
study's objectives.

Sample size

The minimum sample size using the results of Odabasi et
al.'s study %8, considering the significance level of 95%,
the standard deviation of 2.75 for the anterior length of
the left trigomaxillary groove, and also considering the
standard error of 0.01, as well as the following formula,
finally, 280 cases were calculated. The computing power
is considered to be 80%.

Statistical analysis

The results of the study have been reported using
descriptive statistics such as mean + standard deviation
and frequency (percentage). The independent t-test was
used to compare the measured values among gender
groups, and the paired t-test was used to compare the
measured values in the two sides of the study. The
significance level in this study was P<0.05 and statistical
analysis was performed using SPSS version 27 software.

Results

In this study, 310 CBCT images were initially evaluated,
of which 280 cases (140 women, 140 men) were
subjected to final analysis after considering the inclusion
and exclusion criteria.
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On the right side, the mean Ant length was 41.9 + 3.3
and 40.6 + 2.6 mm in men and women, respectively. This
difference was statistically significant (P = 0.001). The
mean anterior length in male (41.1 + 5.6) is significantly
higher than that of women (39.8 % 6.2) in the left side
which is significant (P=0.028).

The mean LP length on the right and left sides was
11.6 + 2.3 and 11.8 + 3.8 mm, respectively, that there was
not statistically significant difference between the two
sides (p=0.256). The mean length of the LP was 12.07 +
2.2 and 11.1 £ 2.5 mm in men and women, respectively,
this difference was significant (P=0.001). Also, in the left
side, the mean LP is significantly higher in men (12.5
4.7) than in women (11.1 £ 2.5) which is statistically
significant (P=0.002).

The mean MP length on the right and left sides was
76 £ 1.9 and 7.9 £ 2.6 mm, respectively, which was
statistically significant (P= 0.001). The mean length of the
MP was higher in women (8.1 + 2.2) than in men (7.7 £
2.9) on the left side, but it is not significant (P = 0.168).
Regarding the opposite side, the mean length of the MP in
men and women was nearly similar (7.3 £ 2.03 vs. 7.9
1.7). This difference was significant (P=0.005).

The mean PP thickness on the right and left side was
76 £ 19 and 7.9 + 2.6 mm, respectively, and this
difference was not statistically significant (P=0.120). On
the left side, the mean PP thickness in men and women
was 7.7 £ 1.6 and 7.3 £ 1.7 mm (P=0.068). On the right
side, the mean PR thickness in men (7.7 £ 1.5) and
women (7.6 + 1.4) did not have a significant difference
(p=0.409).

The mean thickness of PMR on the right and left sides
was 3.4 + 0.8 and 3.8 + 2.6 mm, respectively (P=0.062).
On the left side, the mean PMR thickness in men and
women was 4.03 £ 1.6 and 3.6 + 1.7 mm, respectively
(p=0.172). On the right side, the mean thickness of PMR
region in men (3.3 + 0.8) and women (3.5 £ 0.7) did not
have a significant difference (076 /0P=).

The mean PMR-DPC on the right and left sides was
5.7 + 1.2 and 5.5 £ 1.1 mm, respectively (P=0.092). The
mean PMR-DPC, in men and women was 5.4 + 1.05 and
5.5 + 1.2 mm, respectively, on the left side (P 0.575 =).
The mean PMR-DPC on the opposite side, in men (5.6 +
0.8) and women (5.8 = 0.6) did not have significant
difference (P=0.249) (Table 1).

Morphometric Evaluation of Pterygomaxillary Region

Table 1. The statistical analysis of the measurements
according to the gender and sides

Measurnment  Side Gender N MeantSD P-value

Male 140 41.1+5.6
0.028**

Left Female 140 39.8+6.2

Total 280 40.4+6.4 0.068*
Ant Length
Male 140 41,9433
0.001**
Right  Female 140 40.6+2.6
Total 280 41.3+£3.08 0.068*
Male 140 12.5+4.7
0.002**
Left Female 140 11.5+2.5
Total 280 11+38 0.256*
LP Length
Male 140 12.07+£2.2
0.001**
Right  Female 140 11.1+2.5
Total 280 11.6+23 0.256*
Male 140 7.7£2.9
0.168**
Left Female 140 8.1+2.2
Total 280 7.9£2.6 0.001*
MP Length

Male 140 7.9+1.7
0.005**
Right  Female 140 7.7£2.9

Total 280 7.6+£1.9 0.001*

Male 140 7.7£1.6
0.068**
Left Female 140 7.3£1.7

Thickness of Total 280 7.9£2.6 0.120*

PP Male 140 7.7£1.5

0.409**
Right  Female 140 7.611.4

Total 280 7.6x1.9 0.120*

Male 140 4.03+1.6
0.06**

Left Female 140 3.6+1.7

Thickness of Total 280 3.8+2.6 0.062*

PMR Male 140 3.3+0.8
0.172**

Right  Female 140 3.5+0.7
Total 280 3.4+0.8 0.062*

Male 140 5.4+1.05
0.575**

Left Female 140 5.5+1.2
Total 280 5.5+1.1 0.092*

PMR-DPC

Male 140 5.6+0.8
0.249**
Right  Female 140 5.8+0.6

Total 280 5.7£1.2 0.092*
Paired-T test”, Independent-T test”
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Discussion

During the Lefort | osteotomy procedure, if the lateral
nasal osteotomy is excessively advanced posteriorly, there
is a risk of damaging the descending palatine artery,
which lies within the lateral nasal wall *’. Consequently,
accurate knowledge of the distance between the pyriform
rim and the descending palatine artery, also known as the
anterior plate distance, is crucial to minimize the
likelihood of complications involving this artery &2,

Our study determined that the mean Ant length of the
pterygomaxillary plates was 40.4 mm on the left side and
41.3 mm on the right side. A significant difference was
observed between right mean Ant lengths in men and
women, with men having a mean length of 41.9 mm and
women having a mean length of 40.6 mm. Left mean Ant
length in male (41.1 mm) is significantly higher than that
of women (39.8 mm) which is significant (P=0.028). This
finding is consistent with previous studies, which have
reported mean Ant lengths in the range of 38 to 40 mm
8 In another similar study conducted by Kim et al. on
cadaver samples, the Anth length of the plate in men (38.4
mm) was significantly higher than that in women (34.6
mm) ¢ While the existing variations in facial and skull
morphology can be attributed to factors such as race and
nationality. Notable differences between the left and right
sides of the pterygomaxillary plates have not been
consistently reported in previous studies, but is consistent
with our findings. However, our study corroborates
previous studies by demonstrating that the Ant plate
distance in men is significantly greater than in women,
emphasizing the importance of meticulous surgical
technique during osteotomies in women to safeguard the
descending palatine artery.

The present study revealed that the lateral and medial
pterygoid plate distances ranged from 10 to 12 mm and 7
to 9 mm, respectively. Similar to the anterior distance, no
significant difference was observed between the lateral
distances on the left and right sides, and the lateral
distance in men was consistently greater than in women.
Conversely, the medial pterygoid plate distance was
significantly greater in women compared to men. This
finding aligns with the results of a previous study
which reported an overall mean lateral distance of
approximately 12 mm on both sides without significant
inter-group differences. However, in contrast to our study,
no significant gender-based differences were observed in
the lateral distance in that study. The medial distance in
the previous study also concurred with our findings,
indicating a mean distance of approximately 7.5 mm, and
a higher distance in women compared to men. Some
researchers have proposed that unknown muscular
movements in women might contribute to the increased
medial pterygoid plate distance, a hypothesis supported

AN
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by the findings of Lee et al., which also demonstrated a
significant gender disparity in the medial distance .

The present study determined that the mean thickness
of the pterygomaxillary plates was 3 to 4 mm, with no
significant differences observed between the left and right
sides or between men and women. Previous research *
reported a mean pterygomaxillary region thickness of 1.9
+ 1.2 mm in patients older than 30 years of age and 2.8 +
1.9 mm in patients younger than 30 years old. This
difference was statistically significant, indicating a
decrease in PMR thickness with increasing age. In the
present study, pterygomaxillary zone thickness less than
2.6 mm was identified as a risk factor for lateral and
medial plate fractures during pterygomaxillary separation
procedures performed without the use of osteotomes.

The mean PP thickness was 7.6 mm on the right side
and 7.9 mm on the left side, with no statistically
significant difference between the two sides (P = 0.120).
It was also found to be similar in men and women on both
sides. This finding contrasts with a previous study by
Romoozi et al., which reported a thicker PP in women and
negative values in 5.5% of cases 2. Additionally,
according to a study reports 2, a significantly higher
mean Ant length between the descending palatine canal
and the lateral wall of the piriform rim in men compared
to women (P = 0.012). Contrary to this finding, our study
demonstrated no significant difference in anterior length
between the two sexes.

Conclusion

The findings of this study clearly demonstrated a
significant degree of variation in the morphometric
coordinates of the pterygomaxillary region. This
anatomical variability can influence the efficacy of
anesthesia or maxillary nerve blocks in patients with
trigeminal  neuralgia.  Therefore, having accurate
knowledge of the pterygomaxillary region's anatomy prior
to any procedure is particularly valuable for clinicians
performing guided nerve blocks using CBCT or CT
guidance.  Consequently, CT imaging of the
pterygomaxillary region is recommended prior to Le Fort
| osteotomy, and preoperative measures should be
implemented to address potential complications.

Highlights

What is already known?

Le Fort | osteotomy stands as a widely employed method for
rectifying maxillofacial anomalies. The trigomaxillary junction,
one of the sutures disrupted during Le Fort | surgery is a complex
three-dimensional structure that articulates the maxilla and the
pterygoid plates of the sphenoid bone.

What Does This Study Add?

A significant degree of variation exists in the morphometric
coordinates of the  pterygomaxillary  region.  This
anatomical variability can influence the efficacy of anesthesia or
maxillary nerve blocks in patients with trigeminal neuralgia.
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