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Abstract: Background: Square faces, which are influenced by genetic factors and structural features,
are considered undesirable among the Asian population. Surgical interventions, such as mandibular
angle reduction, aim to alter these characteristics, though complications may arise. We aimed to
investigate the morphology of the mandibular angle and masseter muscle thickness using computed
tomography (CT) and to analyze hard and soft tissue correlations to enhance surgical outcomes
for patients with square faces. Methods: This retrospective clinical study included 100 Taiwanese
patients aged 18–50 years. CT was used to analyze key clinical parameters, including bilateral
mandibular width, mandibular divergence angle, ramus height, distance from the mandibular angle
to the inferior alveolar nerve (IAN), and the thickness of the masseter muscle. Results: Significant
correlations were noted between the patients’ physical height and weight, mandibular width, ramus
height, masseter thickness, and distance from the angle to the IAN. Males exhibited a significantly
longer and thicker ramus height (66.48 ± 4.28 mm), greater masseter thickness (15.46 ± 2.35 mm),
and greater safety range for mandibular angle reduction surgery (18.35 ± 3.19 mm) (p < 0.00008).
Significant correlations were observed among all parameters, except between mandibular width
and gonial angle and the distance from the angle to the IAN and between mandibular divergence
and masseter muscle thickness (p > 0.1). Conclusions: Our study highlighted the complex interplay
among factors that contribute to square facial morphology. Careful preoperative assessments and
customized surgical planning are essential for addressing this multifaceted clinical challenge.
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1. Introduction

Square faces are often perceived as undesirable, masculine, and dominant among the
Asian population. Square faces can be caused by genetic factors, the prominent width
and gonial angle of the mandibular bone, masseter muscle hypertrophy, or an excessive
volume of subcutaneous fat [1–3]. The lateral square face corresponds to a gonial angle less
than the normal range (124.1 ± 5.67◦ in men and 125.59 ± 7.99◦ in women), approaching
90◦ [4]. The frontal square face is associated with an increased ratio between the bigonial
and bizygomatic widths, although no specific ratio has been definitively reported [5]. A
facial tapering ratio (bigonial width/bizygonial width) greater than 83% is considered to
be indicative of a square face [6].

Various procedures, such as classical mandibular angle reduction, curved mandibular
angle ostectomy, V-line ostectomy, lateral cortex splitting ostectomy, partial resection,
botulinum toxin type A (BTA) injection of the masseter muscle, facial liposuction, and a
lower facelift, have been utilized to address square facial features, with varying degrees
of success [7–9]. Osteotomy or ostectomy cuts are typically performed using oscillating
saws, reciprocating saws, or piezoelectric devices, and the bony edge is further smoothened
using burs [7].
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Complications such as numbness of the lower lip due to inferior alveolar nerve (IAN)
injuries, swelling or hematoma, hemorrhage, infection, unfavorable fracture, sagging face,
secondary angle formation, and facial asymmetry have been reported in 3.49–11.1% of
cases [10,11]. Postoperative complications of BTA injections are temporarily observed
in approximately 50% of patients with muscle weakness, reduced crunching power and
bite force, or changes in facial expressions and facial asymmetry due to diffusion into the
surrounding muscles [12,13].

The study may provide evidence of a correlation between the hard and soft tissue
over the mandibular angle region. A comprehensive evaluation of ramus height, gonial
angle, distance from the mandibular angle to the IAN, thickness of the masseter muscle,
mandibular width, and divergence may be crucial for delicate facial profile analysis and
surgical design. This approach is essential for achieving optimal outcomes in lower face
contouring, regardless of whether a combination of hard and soft tissue revision is nec-
essary [7,14,15]. In this study, we aimed to (1) investigate the correlations between soft
tissue (thickness of the masseter muscle) and hard tissue (morphology of the mandible)
parameters with patients’ body mass index (BMI) and (2) establish a safety zone for surgical
correction of the square face in mandibular angle reduction to prevent IAN injury. We
hypothesized that patients with square faces may have issues related to both bones and
muscles simultaneously. We believe our study may provide a correlation between hard and
soft tissue over the mandibular angle region. Thus, a better outcome may be achieved after
the treatment.

2. Materials and Methods
2.1. Patients’ Selection

The sample size for the study was calculated to be approximately 100 cases (margin
of error: 8.23%; confident level: 90%). This retrospective study included 100 patients
who underwent digital measurements and assessments at Tri-Service General Hospital
between January 2022 and November 2023. Participants were randomly selected from our
database. The inclusion criteria were age of 18–50 years, absence of jaw developmental
or pathological lesions, and no history of facial trauma or surgery. The exclusion criteria
were osteoporosis or a history of antiresorptive medication use, bony metastasis, facial
trauma, orthognathic surgery or other plastic surgery, IAN repositioning surgery, congenital
craniofacial anomalies, or computed tomography (CT) images interfering with artifacts.
This clinical study was approved by the Ethics Committee and Institutional Review Board
of the Tri-Service General hospital. The need for informed consent was waived owing to
the retrospective design of the study.

2.2. Anatomic Measurements

All measurements were examined by a single observer (F.F.T) who is specialized and
certificated in Oral and Maxillofacial Surgery. To determine the intra-observer reliability,
another observer (Y.H.L) evaluated 20 cases twice in a blinded manner. To assess the
inter-observer reliability, the same cases were evaluated by another independent observer
(Y.W.C) in a 1-month period. The reliability analysis was conducted using an intraclass
correlation coefficient (ICC) test. All of the following parameters were measured using
medical CT of mandible without contrast injection. All images were saved in the encrypted
Digital Imaging and Communications in Medicine format.

Mandibular width: bigonial width (Figure 1A).
Mandibular divergence: The angle between bilateral gonial angle to menton (Figure 1A).
Ramus height: distance between the superior condylion (Cs) and gonion (Go) (Figure 1B).
Gonial angle: the angle between the posterior border of the ramus and the inferior

border of the mandible (Figure 1B).
The shortest distance from the mandibular angle to IAN (Figure 1C).
The thickness of bilateral masseter muscle (Figure 1D).
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Figure 1. (A) Mandibular width (blue arrow) and divergence of the mandible (red line). Blue dots 
represent mandibular gonion and red dots represent menton. (B) Ramus height (red arrow) and 
gonial angle (blue angle). Red dots represent the condylion point. (C) Shortest distance from the 
mandibular angle to the inferior alveolar nerve (yellow arrow). Red dotted line represents the route 
of inferior alveolar nerve. (D) Masseter muscle thickness: right (red arrow) and left (green arrow) 
thickness measured in axial view. 

2.3. Statistical Analysis 
The patients’ data were recorded in Microsoft Excel. Statistical analyses were con-

ducted using the IBM Statistical Package for the Social Sciences statistical software (ver-
sion 24.0; IBM Corp., Armonk, NY, USA). Descriptive statistics (means and standard de-
viations) were calculated for all variables. Due to using continuous variables, an inde-
pendent samples t-test was used to compare parameters between both sexes and sides. 
The Pearson correlation analysis was conducted to assess the existence of associations be-
tween various parameters. For all statistical analyses, the significance level was set at p < 
0.05. 

3. Results 
3.1. Patients’ Demographics 

The inter/intraobserver reliability analysis revealed a high level of reproducibility for 
all parameters in the mandibular angle region (p = 0.04). The participants’ characteristics 
are listed in Table 1. This clinical study included 100 patients with 200 sites, and the aver-
age age of the patients was 32.05 ± 9.16 years. The study cohort consisted of 50 male and 
50 female individuals. No significant differences were noted in age between the sexes (p = 
0.345) (Table 1). 

Table 1. Clinical characteristics of the patients (N = 100). 

Figure 1. (A) Mandibular width (blue arrow) and divergence of the mandible (red line). Blue dots
represent mandibular gonion and red dots represent menton. (B) Ramus height (red arrow) and
gonial angle (blue angle). Red dots represent the condylion point. (C) Shortest distance from the
mandibular angle to the inferior alveolar nerve (yellow arrow). Red dotted line represents the route
of inferior alveolar nerve. (D) Masseter muscle thickness: right (red arrow) and left (green arrow)
thickness measured in axial view.

2.3. Statistical Analysis

The patients’ data were recorded in Microsoft Excel. Statistical analyses were con-
ducted using the IBM Statistical Package for the Social Sciences statistical software (version
24.0; IBM Corp., Armonk, NY, USA). Descriptive statistics (means and standard deviations)
were calculated for all variables. Due to using continuous variables, an independent sam-
ples t-test was used to compare parameters between both sexes and sides. The Pearson
correlation analysis was conducted to assess the existence of associations between various
parameters. For all statistical analyses, the significance level was set at p < 0.05.

3. Results
3.1. Patients’ Demographics

The inter/intraobserver reliability analysis revealed a high level of reproducibility for
all parameters in the mandibular angle region (p = 0.04). The participants’ characteristics
are listed in Table 1. This clinical study included 100 patients with 200 sites, and the average
age of the patients was 32.05 ± 9.16 years. The study cohort consisted of 50 male and
50 female individuals. No significant differences were noted in age between the sexes
(p = 0.345) (Table 1).
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Table 1. Clinical characteristics of the patients (N = 100).

Variables N (%)

Male 50 (50%)

Female 50 (50%)

Median age (years) 32.05 (9.16)

Median height (cm) 167.6 (8.73)

Median weight (kg) 65.82 (16.1)

Median BMI (kg/m2) 23.215 (4.62)
BMI, body mass index.

3.2. Correlations between Patients’ Anthropometric Measures and Mandibular Hard and Soft
Tissue Characteristics

A significant positive correlation was noted between height and mandibular width,
ramus height, masseter thickness, and distance from the angle to the IAN (p < 0.0006).
Similarly, a significant positive correlation was noted between weight and mandibular
width, ramus height, and masseter thickness (p < 0.0004). However, only masseter muscle
thickness showed a significant positive correlation with BMI (p = 0.00005) (Table 2).

Table 2. Correlations between patients’ height and weight with measurement values of mandible
and masseter muscle thickness.

Parameters Height Weight BMI

Mandibular width <0.00001 0.0004 0.06

Mandibular divergence 0.11 0.43 0.14

Ramus height <0.00001 <0.00001 0.15

Gonial angle 0.55 0.97 0.64

Masseter thickness 0.00004 <0.00001 0.00005

Angle to IAN 0.0006 0.09 0.79
BMI, body mass index; IAN, inferior alveolar nerve.

3.3. Comparison of Clinical Parameters between Both Sexes and Sides

No significant differences were observed between the bilateral ramus height, gonial
angle, masseter thickness, and distance from the mandibular angle to the IAN in both
male and female participants (p > 0.12). However, male participants exhibited significantly
longer and thicker rami, masseter thicknesses, and distances from the mandibular angle to
the IAN than female participants (p < 0.00008). Additionally, the mandibular width was
significantly wider in male participants than in female participants (p < 0.00001), while
the mandibular divergence was significantly larger in female participants than in male
participants (p = 0.041) (Table 3).

Table 3. Comparison of hard and soft tissue morphology over mandibular angle between sides
and sexes.

Parameters Sex Mean (SD) Mean (SD) p-Value p-Value

Right ramus height (mm)
Male

66.55 (4.61)
66.48 (4.28) 0.88

<0.00001
Left ramus height (mm) 66.4 (4.56)

Right ramus height (mm)
Female

59.7 (4.36)
59.35 (4.05) 0.42

Left ramus height (mm) 59 (4.33)
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Table 3. Cont.

Parameters Sex Mean (SD) Mean (SD) p-Value p-Value

Right gonial angle (◦)
Male

118.06 (7.54)
117.6 (7.02) 0.54

0.5
Left gonial angle (◦) 117.14 (7.27)

Right gonial angle (◦)
Female

119.61 (6.92)
118.52 (6.66) 0.12

Left gonial angle (◦) 117.43 (7.08)

Right masseter thickness (mm)
Male

15.23 (2.36)
15.46 (2.35) 0.35

<0.00001
Left masseter thickness (mm) 15.7 (2.61)

Right masseter thickness (mm)
Female

12.67 (2.43)
12.67 (2.23) 0.99

Left masseter thickness (mm) 12.68 (2.27)

Right angle to IAN (mm)
Male

18.51 (3.26)
18.35 (3.19) 0.62

0.00008
Left angle to IAN (mm) 18.18 (3.44)

Right angle to IAN (mm)
Female

16.07 (2.14)
16.14 (2.05) 0.74

Left angle to IAN (mm) 16.21 (2.2)

Mandibular width (mm)
Male 102.47 (6.47)

<0.00001
Female 96.25 (5.93)

Mandibular divergence (◦)
Male 72.34 (5.82)

0.041
Female 74.69 (5.57)

IAN, inferior alveolar nerve; SD, standard deviation.

3.4. Correlations between Hard and Soft Tissue Parameters

Mandibular width was positively correlated with mandibular divergence, ramus
height, and masseter thickness (p < 0.00004). Mandibular divergence was positively cor-
related with the gonial angle (p = 0.001) but negatively correlated with ramus height and
distance from the angle to the IAN (p < 0.003). Ramus height was positively correlated
with masseter thickness and distance from the mandibular angle to the IAN (p < 0.00001)
but negatively correlated with the gonial angle (p = 0.042). Masseter muscle thickness was
positively correlated with the distance from the mandibular angle to the IAN (p = 0.005)
(Table 4).

Table 4. Correlation between measurement values of the mandible and masseter muscle thickness.

Parameters Mandibular
Width

Mandibular
Divergence

Ramus
Height Gonial Angle Masseter

Thickness
Angle to

IAN

Mandibular width - <0.00001 <0.00001 0.57 0.00004 0.1

Mandibular divergence <0.00001 - 0.003 0.001 0.16 0.00001

Ramus height <0.00001 0.003 - 0.043 <0.00001 <0.00001

Gonial angle 0.57 0.001 0.043 - 0.042 <0.00001

Masseter thickness 0.00004 0.16 <0.00001 0.042 - 0.005

Angle to IAN 0.1 0.00001 <0.00001 <0.00001 0.005 -

IAN, inferior alveolar nerve.

4. Discussion

Our study revealed important insights into anatomical variations of the mandibu-
lar angle region, particularly regarding the relationship between soft and hard tissue,
thereby providing valuable guidance for surgical planning and execution in mandibular
angle reduction.
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Mandibular growth and development are associated with several genetic, environ-
mental, and demographic factors. Previous research has demonstrated that the vertical
dimension of the posterior mandible, as represented by ramus height, is equally affected by
both genetic and environmental stimuli [16]. During puberty, the annual growth rate of the
mandible has been reported to be 2.16 mm for mandibular body length, 3.16 mm for ramus
height, and 4.31 mm for the overall mandibular length, without significant sex-related
or skeletal-type differences. This growth was statistically significant in the age range of
16–18 years [17,18]. Numerous studies have also consistently demonstrated statistically sig-
nificant sex-based disparities in mandibular width and ramus height, with male individuals
exhibiting larger dimensions than female individuals [19,20]. Conversely, the gonial angle
exhibits insignificant sexual dimorphism, with values generally decreasing and stabilizing
after the age of 21 years [21,22]. Our study findings corroborated these previously reported
findings, further elucidating the strong correlations between mandibular width, divergence
angle, ramus height, masseter thickness, and the distance from the mandibular angle to the
IAN [23].

We explored the potential association between BMI and mandibular growth. Obesity
affects both hard and soft tissues in terms of facial morphology by influencing bone
metabolism and fat distribution [24]. Specifically, childhood obesity may accelerate the
growth of facial bones, leading to increased facial skeletal dimensions, thereby resulting in
elevated ramus height among overweight individuals [25]. Masseter muscle thickness has
also been correlated with BMI, [26] which was also noted in our study. Facial growth has
been linked to body height and the evidence suggests that facial growth may persist even
after completion of skeletal maturation at 18 years of age [27]. In Turkey, facial bone height
showed little correlation with body height [28]. Some studies have indicated that stature
growth is related to posterior facial height, whereas others have proposed that mandibular
ramus height could serve as an indicator of body height [29,30]. In this study, ramus height
and mandibular width were correlated with body height and weight but not BMI.

Masseter muscle plays an important role in influencing the craniofacial morphol-
ogy. Masseter muscle thickness is correlated with masticatory strength and function [31].
Moreover, masseter muscle thickness may affect facial morphology by increasing sagittal
(anteroposterior) growth and limiting vertical growth of the jaws [32]. A thicker muscle
may be associated with a shorter vertical facial height and may be positively correlated
with ramus height [26,33]. The thickness of the masseter muscle may decrease as the
mandible shows more prognathism [15]. Another report showed that the thickness of the
masseter muscle was significantly positively associated with ramus height and thickness
over the mandibular symphysis and negatively associated with the mandibular plane
angle [33]. In our study, the relationship between hard and soft tissues was evident, with a
significant positive correlation between masseter thickness, mandibular width, and ramus
height. A study reported that excising the bilateral masseter muscle in immature rats led to
underdevelopment of the mandible [34], suggesting that greater masseter muscle strength
leads to enhanced mandibular growth.

Mandibular width, mandibular divergence, and the thickness of the ramus bone or
masseter muscle represent the horizontal dimensions of the mandible. Some procedures,
such as mandibular angle reduction and mandibular outer cortex split ostectomy, can im-
prove the lateral and frontal square face, respectively [35]. In our study, we found that male
patients had a greater safety distance, averaging 18.35 ± 3.19 mm, for mandibular angle re-
duction to spare IAN injury. This safety distance had a significant negative correlation with
the gonial angle, indicating that patients with more lateral square faces and smaller gonial
angles had more space for angle reduction. Our study also showed a positive correlation
between mandibular width and masseter thickness and a negative correlation between
masseter muscle thickness and gonial angle. These findings underscore that having a
square face is due to a complex interplay between the bony and muscular components of
the mandible. Therefore, preoperative evaluation of this region for customized design may
be crucial.
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This study has some limitations. First, all participants were recruited from a single
medical institution in Taiwan and shared the same racial background. This may lead
to a limited generalizability of our findings to patients of diverse ethnic backgrounds
worldwide. Second, this study focused solely on evaluating a safe distance for mandibular
angle reduction. The thickness of the bone over the angular region, which is crucial for the
safe execution of the mandibular outer cortex split ostectomy, was not discussed in this
study. This aspect will be analyzed and reported in a separate publication, and further data
with a larger sample size are expected to support the findings from this study. This study is
noteworthy for its analysis of the intricate relationships between the soft and hard tissues
of the mandible. Diagnosis using both clinical findings and results of the radiographic
examination of the mandibular divergence, degree of lateral protrusion over mandibular
angle and hypertrophy of the masseter muscle should be evaluated in the future.

5. Conclusions

This study found several significant relationships between masseter muscle thickness
and mandibular morphology, underscoring the importance of a comprehensive preop-
erative assessment and indicating that patients with square faces may have issues with
both bone and soft tissue. Thus, a thorough examination and customized surgical design,
tailored to address complex facial morphological concerns, may be essential for achieving
optimal surgical outcomes. Future studies may include more patients to reduce the margin
of error. Future studies may also compare soft tissue change between patients undergoing
mandibular angle reduction, Botox injection, or both treatments.
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