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Abstract
Background: The study aimed to investigate the effect of customized lateral nasal wall osteotomy (LNO) on the 
lateral nasal wall (LNW) and pterygomaxillary junction (PMJ) separation during Le Fort I. We hypothesized that 
customized LNO on the LNW affect the PMJ separation type.
Material and Methods: This prospective, controlled, randomized study included forty-three patients were ran-
domly assigned to either the conventional or customized (study) osteotomy groups. In the study group, LNW 
depth was measured before surgery in the axial section of the CT scan, and LNO was performed at a depth of 2 
mm less than the measured distance. In the conventional osteotomy group, LNO was performed at 30 mm for 
females and 35 mm for males. Patients with cleft lip and palate, previous orthognathic surgery, or rhinoplasty were 
excluded. Separation types were classified as follows: LNW types; Type1-from the osteotomy line; Type2- 2-4 mm 
above the osteotomy line; Type3- 4 mm or more above the osteotomy line. PMJ types; Type1-including the tuber 
maxilla; Type2-from the pterygomaxillary junction; Type3-including the pterygoid plates. Chi-square tests were 
conducted to determine whether there was a significant correlation between groups and LNW separation types, 
groups and PMJ separation types and groups, and LNW separation type and PMJ separation type. A P value of < 
.05 was considered statistically significant.
Results: In both the conventional (P=0.052) and the study groups (p=0.828), there was no significant difference 
between LNW depth. Type 1 (P=0.0003) and Type 2 (P=0.0051) LNW separation types presented a significant 
difference between groups. A chi-square test showed a significant correlation between the surgical groups and 
PMJ separation patterns (P<0.05).
Conclusions: Customized LNO optimizes the LNW and PMJ separation. Facilitates the Le Fort I surgery and 
decrease unintentional fracture of the PMJ.
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LNW affect the PMJ separation type. The specific aims 
of the study were investigating the customized LNO ef-
fect on the PMJ separation type.

Material and Methods 
- Study Design and Sample
The authors designed and executed a prospective, 
controlled, randomized study approved by Bezmi-
alem Vakif University Clinical Research Ethics Com-
mittee (2023/08/06-E.110541). The study included pa-
tients 18-50 years old who underwent orthognathic 
surgery at the Bezmialem Vakif University Faculty 
of Dentistry, Department of Oral and Maxillofacial 
Surgery. The procedures used in this study adhere to 
the tenets of the Declaration of Helsinki. The inclu-
sion criteria for the study were patients who required 
orthognathic surgery to treat malocclusion, sleep 
apnea, or jaw asymmetry. Patients with cleft lip and 
palate, previous orthognathic surgery, or rhinoplasty 
were excluded.
- Study Variables
Predictor Variables: The primary predictor variable was 
to investigate the customized LNO. Informed consent 
was obtained from all patients. All patients received a 
detailed explanation of the surgical procedure and po-
tential adverse events and underwent a preoperative an-
esthesia evaluation. A total of 43 patients (N=43) were 
included in the study and computer-generated random 
assigned to two groups: conventional (n=21) or cus-
tomized osteotomy (study) (n=22) groups. In the study 
group patients LNO was performed 2 mm less than 
the measured distance from the piriform aperture to 
descending palatine artery. In the conventional group 
patients LNO was performed 30 mm in females and 35 
mm for males (3).
Other Variables: The primary outcome variable was to 
evaluate PMJ separation type according to customized 
LNO. When the maxilla was down-fractured, LNW and 
the pterygomaxillary separation types were assessed in-
traoperatively (Table 1) (Fig. 1). This is because when 
the maxilla is down-fractured, the PMJ fracture line is 
within the surgical field of view in type 1 and type 2 
fractures. Fractures that are not within the field of view 
were classified as type 3. Each lateral nasal wall and 
pterygomaxillary junction were evaluated independent-
ly as a separate sample.
The secondary outcome variable was to evaluate 
LNW Length, PMJ thickness and width. Patients 
underwent a CT scan in the supine position using a 
64-detector row CT scanner (Philips Ingenuity 128, 
Holland). The scanning area covered the space be-
tween the mandible and the cranium base. The scan-
ning parameters were set to 120 kVp, 450 mAs, 0.5 
mm slice thickness, and 0.3 mm reconstruction in-
terval.

Introduction
The Le Fort I osteotomy is a horizontal maxillary os-
teotomy used to correct midface deformities, allowing 
three-dimensional movement. It can also facilitate sur-
gical access for the removal of tumors or the reduction 
of complex midfacial fractures. The procedure was 
named after Rene Le Fort, who described the Le Fort I 
horizontal fracture type in 1901 (1).
As the procedure has continued to evolve, incorporat-
ing and recognizing the roles of hypotensive anesthesia, 
orthodontics, tension-free stability, and virtual surgical 
planning, it has become a standard, predictable, and 
safe procedure.
During Le Fort I osteotomy, precise knowledge of 
blood vessel locations is crucial to avoid significant 
bleeding, particularly in the two stages most associ-
ated with arterial bleeding complications. One is lat-
eral nasal wall osteotomy (LNO), and the other is the 
separation of the pterygomaxillary junction (PMJ). In 
particular, the descending palatine arteries are located 
posterior to the pyramidal processes of the palatine 
bone. They can be inadvertently damaged because of 
over-extension of the lateral nasal osteotomy. Inappro-
priate superior placement of the osteotome to separate 
the pterygomaxillary junction can interrupt the ptery-
gopalatine fossa and damage the internal maxillary ar-
tery and its branches (2).
Lateral nasal osteotomies are performed with a small 
straight chisel or Neivert-Anderson single-guarded 
osteotome with a curved end in contact with the nasal 
floor. Aligning the osteotome to correspond to the di-
vergence of the lateral nasal wall (LNW) from anterior 
to posterior is essential and eliminates the complica-
tions. A hard stop is encountered when the osteotome 
contacts the pyramidal process of the palatine bone. 
The nasal septum is then separated from the maxilla 
using a thin U-shaped osteotome by seating its curved 
end towards the nasal floor. Li, et al. (3) suggested 
that the LNO should not be extended to more than 30 
mm in females and 35 mm in males to avoid damage 
to the descending palatine artery. However, they also 
reported the range of LNW depth between 28 and 43 
mm in females and 34 to 42 mm in males. In patients 
with a shorter LNW depth, bleeding may occur if the 
osteotomy is performed at a standard depth. There-
fore, performing preoperative measurements and de-
termining the osteotomy depth in each patient would 
be safer.
There is no research in the literature that evaluates lat-
eral nasal wall separation effects on the pterygomax-
illary junction separation type. The study aimed to 
investigate the effect of customized lateral nasal wall 
osteotomy (LNO) on the lateral nasal wall (LNW) and 
pterygomaxillary junction (PMJ) separation during Le 
Fort I. We hypothesized that customized LNO on the 
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Separation types Description

Lateral Nasal Wall
Type 1 Separation from the osteotomy line
Type 2 Separation 2-4 mm above the osteotomy line
Type 3 Separation 4 mm or more above the osteotomy line

Pterygomaxillary Junction
Type 1 Separation including the tuber maxilla
Type 2 Separation from the pterygomaxillary junction
Type 3 Separation including the pterygoid plates

The computed tomography (CT) scans were assessed 
prior to surgery. The CT images were aligned parallel to 
the Frankfort horizontal plane to ensure standard head 
position. The descending palatal artery within the pter-
ygopalatine canal was identified using axial CT images. 
The axial section of the CT scan that fully displayed 
the pterygopalatine canal, about 3-5 mm above the nasal 
floor, was chosen for measurement. The LNW length 
was measured as the distance between the piriform rim 
and the descending palatine artery in this axial section 
(Fig. 2). The PMJ thickness was recorded as the dis-
tance between the most anterior point of the pterygoid 
fossa and the most posterior point of the posterior wall 
of the maxillary sinus in the same section. Lastly, the 
PMJ width was measured and recorded as the distance 
between the most concave point on the lateral surface 
of the PMJ and the most medial point of the PMJ in the 
same section (Fig. 2).

- Surgical Procedure
The same surgical team performed the osteotomies 
under general anesthesia with nasotracheal intubation. 
Hypotensive anesthesia was applied as a standard pro-
tocol in all patients. Orthognathic surgery, including Le 
Fort I and sagittal split ramus osteotomy, was used to 
correct skeletal deformities.
Bone osteotomy was initiated on the bilateral wall of 
the maxilla with piezosurgery after a mucosal incision 
and flap elevation. The surgical steps were performed 
in the following order: separation of the LNW, separa-
tion of the nasal septum, separation of the PMJ, and 
down-fracture. LNO with Nievert Anderson single 
guarded osteotome, median septum separation with 
double guarded U-shaped osteotome, and pterygomax-
illary junction separation with curved osteotome were 
performed before the down-fracture. A curved osteo-
tome and a mallet were used in each case to separate the 

Fig. 1: Assessment of the lateral nasal wall (LNW) separation type. The arrow on the left side 
shows a Type 2 LNW separation. 

The arrow on the right side shows a Type 1 LNW separation. 
R: Right, L: Left, *: Show the nasal mucosa perforation.

Table 1: Descriptions for the separation types of lateral nasal wall (LNW) and pterygomaxillary junction (PMJ).
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pterygomaxillary junction. The down-fracture of the 
maxilla was performed using a hook and a bone spread-
er in all patients. The maxilla was stabilized in its new 
position by four L-shaped osteosynthesis mini-plates at 
the zygomaticomaxillary buttress and the aperture piri-
formis regions.
- Statistical Analysis
The data were statistically analyzed using the SPSS soft-
ware, version 26.0 (SPSS Inc, Chicago, IL, USA). The 
level of statistical significance was set at the level of P 
< 0.05. The normality of data distribution was assessed 
using the Shapiro-Wilk test and histograms. The differ-
ences in lateral nasal wall depth for malocclusion types 
determined to show a normal distribution were examined 
using the Student’s t-test. Other data that did not have a 
normal distribution were tested using the Kruskal-Wal-
lis test. Chi-square tests were conducted to determine 
whether there was a significant correlation between 
groups and LNW separation types, groups and PMJ 
separation types, the down-fracture type and groups, 
and LNW separation type and PMJ separation type.

Results
Forty-three patients (conventional group n=21, study 
group n=22), with a mean age of 24.65 ± 6.65 years, 
underwent bimaxillary orthognathic surgery without 
any intraoperative complications, including bleeding. 
The distribution of anatomical and demographic vari-
ables among and within the groups were described in 
Table 2. There was no statistically significant differ-

ence between the groups in terms of age (P=0.181), sex 
(P=0.084), and deformity type (P=0.120). There were 
no statistically significant differences between the 
groups in terms of width of PMJ and lateral nasal wall 
length (P> 0.05). But there was a statistically significant 
difference between the groups in terms of thickness 
of PMJ (P=0.025). In both groups, there was no sig-
nificant difference in terms of the PMJ separation type 
between the width and lengths of the PMJ (P>0.05).
There was no difference between LNW depths in two 
different malocclusion types in the conventional group 
(P=0.060) and the customized group (P=0.849).
Chi-square test was performed to determine if there 
was a significant correlation between the surgical 
groups and LNW separation patterns (Fig. 3). Fisher's 
exact test revealed a significant correlation (χ2=12.75, 
P=0.001). The statistical differences between the 
groups were analyzed after Bonferroni correction (new 
significance level P <0.008) to determine which groups 
were responsible for this difference: Type 1 and Type 2 
showed significant differences among groups (Table 3).
Chi-square test was performed to determine if there was 
a significant correlation between the surgical groups 
and PMJ separation patterns (Fig. 3). Fisher's exact test 
revealed a significant correlation (χ2=12.027, P=0.001). 
The statistical differences between the groups were 
analyzed after Bonferroni correction (new significance 
level P <0.008) to determine which groups were re-
sponsible for this difference: Type 2 showed significant 
difference among groups (Table 4).

Fig. 2: Lateral nasal wall (LNW) depth (B,C), pterygomaxillary junction (PMJ) thickness (D) 
and PMJ width (A) measurements in the axial CT section. 

B, C Point: Distance between the piriform rim and the descending palatine artery in axial section.
A Point: PMJ width was measured as the distance between the most concave point on the lateral 
surface of the PMJ and the most medial point of the PMJ in the same section.
D Point: PMJ thickness was the distance between the most anterior point of the pterygoid fossa 
and the most posterior point of the posterior wall of the maxillary sinus in the axial section.
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LNW separation types
Groups

Total
Conventional Study

Type 1

Count 20 37 57
Expected count 27.8 29.2 57
% within grup 47.60% 84.10% 66.30%

Adjusted Residual -3.6 3.6 -
Adjusted P value 0.0003

Type 2

Count 17 6 23
Expected count 11.2 11.8 23
% within grup 40.50% 13.60% 26.70%

Adjusted Residual 2.8 -2.8 -
Adjusted P value 0.0051

Type 3

Count 5 1 6
Expected count 2.9 3.1 6
% within grup 11.90% 2.30% 7.00%

Adjusted Residual 1.8 -1.8 -
Adjusted P value 0.0719

Total
Count 42 44 86

Expected count 42 44 86
% within grup 100.00% 100.00% 100.00%

Variables
Groups

P
Conventional Study Overall

Demographic 
variables

Age (mean ± SD, year) 24.05 ± 6.37 25.31 ± 7.00 24.65 ± 6.65 0.181
Sex (male/female) 20 / 22 12 / 32 32 / 54 0.084

Deformity 
type

Class 2 10 4 14 0.120
Class 3 32 40 72 -

Anatomical 
variables

PMJ thickness (mean ± SD, mm) 3.36 ± 0.86 3.86 ± 1.24 3.62 ± 1.08 0.025
PMJ width (mean ± SD, mm) 8.10 ± 1.26 8.19 ± 1.59 8.15 ± 1.43 0.760

Lateral nasal wall depth (mean ± SD, mm) 33.10 ± 3.38 33.18 ± 4.03 33.15 ± 3.69 0.917

Fig. 3: Distribution of lateral nasal wall (LNW) (A) and pterygomaxillary junction (PMJ) (B) separation patterns in the groups.

Table 2: Distribution of anatomical and demographic variables among groups.

Table 3: Distribution of lateral nasal wall (LNW) separation types among groups (new significance level was P <0.008 
after bonferroni correction).
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PMJ separation types
Groups

Total
Conventional Study

Type 1

Count 10 2 12
Expected count 5.9 6.1 12
% within grup 23.80% 4.50% 14.00%

Adjusted Residual 2.6 -2.6 -
Adjusted P value 0.0093

Type 2

Count 26 41 67
Expected count 32.7 34.3 67
% within grup 61.90% 93.20% 77.90%

Adjusted Residual -3.5 3.5 -
Adjusted P value 0.0004

Type 3

Count 6 1 7
Expected count 3.4 3.6 7
% within grup 14.30% 2.30% 8.10%

Adjusted Residual 2 -2 -
Adjusted P value 0.0455

Total

Count 42 44 86

Expected count 42 44 86

% within grup 100.00% 100.00% 100.00%

Fig. 4: Distribution of pterygomaxillary junction (PMJ) separation patterns with respect to lateral nasal wall (LNW) 
separation patterns in the conventional group (A) and in the study group (B).

Table 4: Distribution of pterygomaxillary junction (PMJ) separation types among groups (new significance level was P 
<0.008 after bonferroni correction).

The distribution of LNW and PMJ separation patterns 
Chi-square test revealed no correlation between LNW 
and PMJ patterns in the conventional group (χ2=3.360, 
P=0.519) (Fig. 4). None of the patients with Type 2 and 3 
LNW separation patterns in the customized osteotomy 
group had PMJ Type 1 and 3 separation patterns (Fig. 4). 
Therefore, Chi-square test was not performed in this group.

Discussion
The aim of this study was to investigate the effect of 
customized lateral nasal wall osteotomy on LNW and 
PMJ separation during Le Fort I osteotomy. The Le Fort 
I osteotomy is a standard surgical procedure used to 
correct dentofacial deformities. The complication rates 
associated with this procedure range from 6.1% to 9.1% 
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(4,5). Movement of the maxilla during down-fracture 
may inadvertently cause damage to the vessels and cra-
nial nerves, leading to vision loss or life-threatening 
complications such as intraoperative hemorrhage, in-
fection, and airway obstruction (6). 
One major risk of this procedure is excessive bleed-
ing due to injury of the internal maxillary artery or 
its branches, particularly the descending palatine ar-
tery (7,8). Over-instrumentation is the most frequent 
cause of descending palatal artery laceration during 
the lateral nasal osteotomy. In the literature, the depth 
of the artery is reported in various values and varies 
from patient to patient. Li, Meara and Alexander Jr 
(3) reported that the average LNW depth is 35.4 mm. 
Ueki, et al. (9) conducted a study using CT scans to de-
termine the position of the descending palatal artery. 
They found that the average distance from the piriform 
rim to the descending palatal artery is 39.1 ± 3.8 mm 
on the right side and 39.4 ± 4 mm on the left side. Ap-
inhasmit, et al. (10) found the lateral nasal wall length 
to be 34.4 ± 2.96 mm on average. In this study, females 
had a mean arterial distance of 32.48±3.91 mm while 
males had 34.27±2.97 mm, resulting in an overall 
length of 33.15±3.69 mm. The study of Li, Meara and 
Alexander Jr (3) has established the generally accept-
ed LNO depth of 35 mm for males and 30 mm for fe-
males. However, the study also reported that the range 
of arterial length for females varies from 28 to 42 mm, 
which means that the average osteotomy depth may 
be shorter in some patients and too long for others. If 
the LNO depth is applied shorter than required, the 
LNW separation in the posterior region may extend 
higher to the anterior cranial base, making mobilizing 
the maxilla more difficult for the expected position. 
In this study, LNO was performed at a customized 
length. In the study group, only six Type 2 LNW sepa-
rations were observed. Not only short osteotomy depth 
but also thin or has an overly angulated LNW curva-
ture, may cause not to separate properly during the Le 
Fort I surgery. In such cases, the LNW osteotome may 
sometimes miss or not separate it accurately. Inappro-
priate separation of the LNW during Le Fort I surgery 
may complicate the procedure, especially in maxillary 
impaction and advancement cases. If the LNO line is 
higher than it should be, it must be reduced before the 
maxillary impaction or advancement. During trim-
ming, the burr may damage the descending palatal 
artery, leading to arterial bleeding and related com-
plications. This problem may also increase the opera-
tion time. In both groups patients there is no arterial 
bleeding complications was seen, but repositioning the 
maxilla in desired position is more complicated in the 
conventional group patients. Because in conventional 
group trimming the remain part of the LNW take time 
and sometimes complicated to handle in.

Ideal PMJ separation is also a pivotal step to mobilizing 
the maxilla and eliminating the related complications. 
The PMJ consists of the posterior maxilla, the anterior 
part of the pterygoid process, and the pyramidal pro-
cess of the palatine bone, and it houses the descend-
ing palatine vessels; the lesser and the greater palatine 
nerves (11). The ideal separation starts laterally in the 
PMJ and medially proceeds along the pterygomaxillary 
fissure between the maxilla and the lateral pterygoid 
process (12). Usually, a curved Obwegeser osteotome 
was used through a blind approach to the pterygomax-
illary fissure. However, other approaches include the 
swan-neck, shark-fin osteotomes, and ultrasonic bone 
curette, improving safety (13-15). Successful separa-
tion of the PMJ depends on the surgeon's experience 
and familiarity with the technique. Precious, et al. (16) 
described down-fracturing the maxilla with finger pres-
sure and spreader without PMJ osteotomy. Joshi, et al. 
(17) suggested using a Smith spreader and Rowe's for-
ceps to separate the PMJ safely. Hernández-Alfaro and 
Guijarro-Martínez (18) described the twist technique, 
PMJ separation using a frontal approach and a straight 
osteotome driven along the standard Le Fort I horizon-
tal osteotomy toward the PMJ. They also described the 
transmucosal PMJ approach using piezoelectric devices 
for separating the PMJ (19). In our study, PMJ separa-
tion is performed only by curved osteotome, and a hook 
and a spreader were used for down-fracture. After the 
down-fracture of the maxilla, the PMJ separation was 
assessed intraoperatively. PMJ separation is related to 
the width, thickness, and synostosis type of the PMJ 
and LNW separation. There was complete fusion of the 
entire length of the PMJ in all patients. The width of the 
PMJ was similar in both groups, and no statistical dif-
ference was found.
In the study group, the mean PMJ thickness was higher 
than that in the conventional group, and the difference 
was statistically significant (P=0.025). According to 
Neema et. al. (20), the overall mean width and thickness 
of the PMJ were 10.24 ± 1.97 mm and 6.40 ± 1.97 mm, 
respectively. Chin, et al. (21) reported a pterygomaxil-
lary thickness of 5.1 ± 1.4 mm and a width of 9.7 ± 1.7 
mm. Dadwal, et al. (22) found the mean width of the 
PMJ to be 7.8 ± 1.5 mm and the mean thickness of the 
PMJ 4.5 ± 1.2 mm. In our study, similar to the other 
studies, the width of the PMJ is 8.15 ± 1.43 mm, and 
the thickness of the PMJ is 3.62 ± 1.08 mm. There was 
a significant correlation between the surgical groups 
and Type 2 (P=0.0004) PMJ separation patterns (Table 
3). Type 1 PMJ separation was more common in the 
conventional group than in the study group. This can 
be explained by the fact that the axis of rotation was 
more anteriorly positioned due to the shorter osteotomy 
depth. Therefore, when the force was applied, the frac-
ture started in front of the PMJ.
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There is no research in the literature that evaluates lat-
eral nasal wall separation effects on the pterygomaxil-
lary junction separation type. In our study, in the study 
group, except for three cases, all the other cases had 
Type 2 PMJ separation, so statistical analysis could not 
be performed. However, based on clinical observations 
and the high number of Type 2 PMJ separations in the 
study group, we concluded that the customized LNO 
positively affected the separation type of PMJ. During 
the down-fracture of the maxilla, the almost complete 
separation of the LNW reduced the force required for 
the down-fracture, facilitated the separation of the PMJ, 
and shifted the osteotomy line towards the PMJ.
According to study Eberlikose et. al. (23) there was a 
significant difference between Class I and Class III pa-
tients lateral nasal wall length (p < 0.001). On the other 
hand, this study was show that the correlation between 
malocclusion type (Class 2 and Class 3) and LNW depth 
statistically insignificant, as well as the PMJ width and 
also length.
It is important to note that bone density also plays a 
role in the separation of the LNW and the PMJ, but this 
study did not assess the bone density in those regions 
of the maxilla. Furthermore, it is worth mentioning that 
the amount of force applied during the down-fracture 
varies depending on the surgeon's dominant hand and 
degree of experience. In this study, the lead surgeon 
was right-handed and applied forces according to the 
overall experience. However, the study did not evaluate 
the down-fracture forces applied to the maxilla. As a 
further limitation of the study, there are two LNWs and 
deviation on one side may affect the separation type on 
the other, which could influence the outcomes.

Conclusions
During Le Fort I surgery, the separation of the LNW 
and PMJ is a critical step. However, this step is closely 
related to complications such as bleeding. Recent stud-
ies have reported more accurate outcomes with the use 
of customized applications. The results of our study 
indicate that using customized LNO simplifies the sur-
gery and optimizes the LNW separation. Moreover, 
PMJ separation is better in patients who undergo cus-
tomized LNO. Ideal separations of the LNWs shift the 
rotation axis towards the PMJ, and separation of the 
PMJ goes through the curved osteotomy line on the 
posterior maxillary wall. Further studies are needed to 
investigate the effects of the down-fracture forces and 
the bone density values on separation patterns.

Acknowledgement
This study was presented as a poster at the 17th International Con-
gress of ACBID and received the Best Poster Presentation award 
(Antalya, Turkiye; May 10-14, 2024). The authors would like to ex-
press their gratitude to Dr. Burcu Diker for performing the statistical 
analysis for this study.

Institutional Review Board Statement
This study was approved by the Bezmialem Vakif University Clini-
cal Research Ethics Committee (2023/08/06-E.110541) and regis-
tered at ClinicalTrials.gov under the identifier NCT06233188. The 
procedures used in this study adhere to the tenets of the Declaration 
of Helsinki.

Data Availability Statement
Due to privacy and ethical restrictions, the datasets generated and 
analyzed during the current study are not publicly available. How-
ever, they are available from the corresponding author upon reason-
able request.

Author Contributions
All authors contributed to the study conception and design. Material 
preparation, data collection and analysis were performed by all au-
thors. The first draft of the manuscript was written by T.P. and E.F.A. 
All authors commented on previous versions of the manuscript. All 
authors read and approved the final manuscript.

Funding
The authors did not receive support from any organization for the 
submitted work.

Conflict of interest
The authors declare no conflict of interest.
All authors certify that they have no affiliations with or involvement 
in any organization or entity with any financial interest or non-fi-
nancial interest in the subject matter or materials discussed in this 
manuscript.

References
1. Sakharia A, Muthusekar M. A comparative assessment of maxil-
lary perfusion between two different Le Fort I osteotomy techniques. 
Int J Oral Maxillofac Surg. 2015;44:343-8.
2. Eshghpour M, Mianbandi V, Samieirad S. Intra- and Postoperative 
Complications of Le Fort I Maxillary Osteotomy. J Craniofac Surg. 
2018;29:e797-803.
3. Li KK, Meara JG, Alexander Jr A. Location of the descending 
palatine artery in relation to the Le Fort I osteotomy. J Oral Maxil-
lofac Surg. 1996;54:822-5.
4. van Otterloo JJdM, Tuinzing DB, Greebe RB, van der Kwast WA. 
Intra-and early postoperative complications of the Le Fort I osteoto-
my: a retrospective study on 410 cases. Journal of Cranio-Maxillofa-
cial Surgery. 1991;19:217-22.
5. Tung T, Chen Y, Bendor-Samuel R. Surgical complications of the 
Le Fort I osteotomy--a retrospective review of 146 cases. Changgeng 
Yi Xue Za Zhi. 1995;18:102-7.
6. Bendor-Samuel R, Chen YR, Chen PKT. Unusual complications 
of the Le Fort I osteotomy. Plast Reconstr Surg. 1995;96:1289-96.
7. Turvey T. The anatomy of the internal maxillary artery in the 
ptegopalatine fossa: its relationship to maxillary surgry. J Oral Surg. 
1980;38:92-5.
8. Lanigan DT, Hey JH, West RA. Major vascular complications of 
orthognathic surgery: hemorrhage associated with Le Fort I osteoto-
mies. J Oral Maxillofac Surg. 1990;48:561-73.
9. Ueki K, Hashiba Y, Marukawa K, Nakagawa K, Okabe K, Yama-
moto E. Determining the anatomy of the descending palatine artery 
and pterygoid plates with computed tomography in Class III patients. 
Journal of Cranio-Maxillofacial Surgery. 2009;37:469-73.
10. Apinhasmit W, Chompoopong S, Methathrathip D, Sangvichien 
S, Karuwanarint S. Clinical anatomy of the posterior maxilla per-
taining to Le Fort I osteotomy in Thais. Clin Anat. 2005;18:323-9.
11. Methathrathip D, Apinhasmit W, Chompoopong S, Lertsirithong 
A, Ariyawatkul T, Sangvichien S. Anatomy of greater palatine fora-
men and canal and pterygopalatine fossa in Thais: considerations for 
maxillary nerve block. Surg Radiol Anat. 2005;27:511-6.
12. Bilge S, Kaba YN, Demirbas AE, Kütük N, Kiliç E, Alkan A. 



e305

Med Oral Patol Oral Cir Bucal. 2025 Mar 1;30 (2):e297-305. Lateral nasal wall osteotomy depth and pterygomaxillary separation

Evaluation of the pterygomaxillary separation pattern in Le Fort I 
osteotomy using different cutting instruments. J Oral Maxillofac 
Surg. 2020;78:1820-31.
13. Ueki K, Nakagawa K, Marukawa K, Yamamoto E. Le Fort I os-
teotomy using an ultrasonic bone curette to fracture the pterygoid 
plates. Journal of Cranio-Maxillofacial Surgery. 2004;32:381-6.
14. Cheng L, Robinson P. Evaluation of a swan's neck osteotome for 
pterygomaxillary dysjunction in the Le Fort I osteotomy. Br J Oral 
Maxillofac Surg. 1993;31:52-3.
15. Laster Z, Ardekian L, Rachmiel A, Peled M. Use of the ‘shark-
fin’osteotome in separation of the pterygomaxillary junction in Le 
Fort I osteotomy: a clinical and computerized tomography study. Int 
J Oral Maxillofac Surg. 2002;31:100-3.
16. Precious DS, Morrison A, Ricard D. Pterygomaxillary separation 
without the use of an osteotome. J Oral Maxillofac Surg. 1991;49:98-9.
17. Joshi RJ, AlOtaibi N, Naudi K, Henderson N, Benington P, Ayoub 
A. Pattern of pterygomaxillary disarticulation associated with Le Fort 
I maxillary osteotomy. Br J Oral Maxillofac Surg. 2022;60:1411-6.
18. Hernández-Alfaro F, Guijarro-Martínez R. “Twist technique” for 
pterygomaxillary dysjunction in minimally invasive Le Fort I oste-
otomy. J Oral Maxillofac Surg. 2013;71:389-92.

19. Hernández-Alfaro F, Ghuloom M, Giralt-Hernando M, Lázaro-
Abdulkarim A, Valls-Ontañón A. Transmucosal pterygomaxillary 
disjunction using a piezoelectric device, in the context of the mini-
mally invasive Le Fort I osteotomy protocol. Int J Oral Maxillofac 
Surg. 2023;52:569-76.
20. Neema B, Olabu BO, Butt FMA, Idenya PM, Cheruiyot I, Misiani 
M. Computed Tomography Scan Assessment of the Anatomy of the 
Pterygomaxillary Junction and Its Relevance in Le Fort I Osteotomy. 
J Craniofac Surg. 2020;31:2017-20.
21. Chin YP, Leno MB, Dumrongwongsiri S, Chung KH, Lin HH, 
Lo LJ. The pterygomaxillary junction: An imaging study for surgical 
information of LeFort I osteotomy. Sci Rep. 2017;7:9953.
22. Dadwal H, Shanmugasundaram S, Krishnakumar Raja V. Preop-
erative and postoperative CT scan assessment of pterygomaxillary 
junction in patients undergoing Le Fort I osteotomy: comparison of 
pterygomaxillary dysjunction technique and Trimble technique—a 
pilot study. J Maxillofac Oral Surg. 2015;14:713-9.
23. Eberliköse H, Güler AY, Akbarihamed R, Öztürk C, Karasu 
HA. Comprehensive analysis of lateral nasal wall anatomy to opti-
mize the osteotomy in different skeletal patterns. Surg Radiol Anat. 
2024;46:327-32.


