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Sex-Specific Facial-Soft-Tissue Morphology
in Mandibular Prognathism:

A Homologous-Model Analysis

Nobuhide Shibusawa, DDS,*† Tomohiro Yamada, DDS, PhD,† Kousuke Yasuda, DDS, PhD,†
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and Masafumi Moriyama, DDS, PhD*

Abstract: This study aimed to evaluate sex differences in facial soft
tissue morphology in patients with mandibular prognathism and to
assess treatment outcomes while considering these differences. It
included 30 patients (15 males and 15 females) with skeletal man-
dibular prognathism who underwent bilateral sagittal split ramus
osteotomy (SSRO), along with a control group of 30 healthy vol-
unteers (15 males and 15 females). Three-dimensional facial data
were collected, and homologous modeling was used to analyze facial
morphology. Qualitative and quantitative analyses were performed
using principal component analysis (PCA), analysis of variance
(ANOVA), and Tukey’s test. The results showed that males had
greater facial height and a longer chin, whereas females had a smaller
chin and a more rounded zygomatic-cheek area. In male patients,
postoperative facial morphology approached that of healthy males.
However, female patients retained masculine facial features such as
midface flatness and increased facial height, even after surgery. These
findings suggest that surgical intervention in the midface and chin

regions may be necessary for female patients to improve facial es-
thetics and satisfaction, even when occlusion is properly corrected.
This study highlights the importance of considering sex differences in
facial soft tissue morphology when planning orthognathic surgery
for patients with mandibular prognathism.
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The goals of treatment for jaw deformities include improving
occlusion and functions such as feeding and speech, as well

as enhancing facial appearance. Typically, when creating a surgical
plan for jaw deformities, factors such as occlusal stability, facial
symmetry, and chin position are considered. However, these plans
are often based on hard tissue assessments using cephalometric or
CT imaging. Consequently, surgical planning tends to focus on
hard tissues, with limited awareness of sex differences in soft tis-
sues. Although numerous studies have examined differences in
facial morphology betweenmen and women,most have focused on
hard tissues,1–4 and relatively few have addressed soft facial tissues.
Generally, male faces are characterized by broader dimensions, a
more prominent and angular mandible, while female faces tend to
be more rounded with a smaller masticatory area.5,6 To date, most
analyses of facial morphology have relied on one-dimensional
measurements, such as distances and angles, or on subjective
photographic evaluations.7,8 Recently, however, it has become
possible to easily obtain 3D shape data, and homologous modeling
technology—capable of statistically analyzing 3D shapes—has
been developed and applied practically.9–11 Nonetheless, its ap-
plication in the medical field remains limited. In this study, we
clarified sex differences in facial soft tissues among normal in-
dividuals and evaluated whether treatment outcomes in patients
with jaw deformities are appropriate when these sex differences are
taken into account.

MATERIALS AND METHODS
The subjects consisted of 30 patients (15 males and 15 females)
diagnosed with skeletal mandibular prognathism who under-
went bilateral sagittal split ramus osteotomy (SSRO) between
2013 and 2022 at Kyushu University Hospital. Asymmetric
cases and those with congenital anomalies such as cleft lip and
palate were excluded (Supplemental Data; Table 1, Supple-
mental Digital Content 1, http://links.lww.com/SCS/I202).
A control group of 30 healthy volunteers (15 males and
15 females) was also included.
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STL of Facial Soft Tissue Surface Data
Three-dimensional facial data were collected from

healthy subjects using a 3D image capture and analysis system
(VECTRA® H2/CANFIELD, USA). Images were taken in a
sitting position with the mouth closed. The collected data were
used for 3D reconstruction and converted into STL files.

In the patient group, DICOM data from CT images were
converted into STL files using Mimics software (Materialise,
Leuven, Belgium). CT imaging was performed using an Aqui-
lion scanner (Canon Medical Systems, Ohtawara, Japan) in-
stalled in the radiography room at Kyushu University Hospital.
Imaging was conducted with the patient in the supine position,
with the mouth closed. Parameters included a tube voltage of
120 kV, tube current of 140 mA, slice thickness of 1 mm, and
table movement speed of 13 mm/s. The imaging range extended
from just above the supraorbital ridge to the hyoid bone.

In each dataset, the line connecting the left and right external
canthi was set as the x-axis. The line perpendicular to the x-axis
and passing through the nasal apex was defined as the y-axis,
and the intersection of these 2 axes was defined as the origin.
The x-axis was aligned parallel to the Frankfort horizontal (FH)
plane, and the z-axis was set perpendicular to the x-axis, passing
through the nasal root point.

The template data used consisted of facial profile data from an
adult male, comprising 4580 points. Seventeen anatomic land-
marks were manually marked on each face and matched with the
corresponding points from both the template and CT data
(Fig. 1). Using the homologous modeling support software
HBM-Rugle® (Medic Engineering, Kyoto, Japan), the template
data were fitted to the landmark points on each facial profile. All
facial profile datasets were then converted into homologous
model data consisting of 4580 corresponding points (Fig. 2).

Gender Difference Analysis
For qualitative evaluation, HBM-Rugle® was used to gen-

erate an average facial model for each sex. Quantitative eval-
uation was performed using principal component analysis
(PCA). Faces were analyzed by redefining them as principal
components, ordered by their respective amplitudes within each
group. The degree of variance (eigenvalue) of each principal
component was calculated for comparisons across groups. PCA
was followed by multiple regression analysis. Analysis of var-

iance (ANOVA) and Tukey test were used to compare groups
within the PCA results. All descriptive and statistical analyses
were performed using R 4.2.3 (SAS Institute Inc., Cary, NC).

Ethical Approval
The study protocol was reviewed and approved by the

Institutional Review Board of Kyushu University Hospital
(approval no. 23491)

RESULTS

Analysis of Male-Female Differences in Normal
Faces

Qualitative analysis of the average face showed that, in the
frontal view, males tended to have greater overall facial height
and a longer chin, while females tended to have a smaller chin.
In the lateral view, the midface was straighter in males, whereas
the zygomatic-to-cheek area appeared more rounded in females,
and the chin was slightly smaller (Fig. 3).

In the principal component analysis, up to the 14th principal
component was extracted (cumulative contribution rate:
94.038%). The cumulative contribution rate from the 1st to the
6th principal components was 80.083% (Supplemental Data:
Table 2, Supplemental Digital Content 1, http://links.lww.com/
SCS/I202). The ROC curve for the first 6 principal components

FIGURE 1. Anatomic landmarks plotted on a 3D model surface.

FIGURE 2. Homologous modeling process for facial data. From left to right:
original facial data, template data fitted to the face, and the resulting
homologous model.

FIGURE 3. Average face of healthy females and males. In the front view, males
tended to have a taller face and a longer chin overall, while females tended to
have a smaller chin. In the profile view, males tended to have a straighter
midface, while females showed a rounder cheekbone area and a slightly
smaller chin.
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showed a marked difference, with the first principal component
having an AUC of 93.33% (Fig. 4: ROC curve, Fig. 5:
Morphing in PC1). The AUC for the second principal
component was 36.89%.

Pre- and Postoperative Morphometric Analysis
of Patients With Mandibular Prognathism
(Male)

Qualitative analysis of the average face showed that the
preoperative features—such as shortening of the upper lip, chin
protrusion, and excessive chin length—were improved after
surgery, and the postoperative facial shape approached that of
the average healthy male (Fig. 6).

Principal component analysis extracted up to the 14th
principal component (cumulative contribution rate: 91.932%).
The cumulative contribution from the 1st to the 6th principal
components was 78.136% (Supplemental Data: Table 3, Sup-
plemental Digital Content 1, http://links.lww.com/SCS/I202).
Analysis of variance (ANOVA) indicated differences in the first,

third, and fourth principal components. Tukey test revealed
significant differences between patients and healthy subjects in
the first and fourth components, and between healthy subjects
and preoperative patients in the third component only (Fig. 7:
box-and-whisker diagram, Fig. 8: scatter plot). Morphed images
corresponding to the fourth principal component are shown in
Figure 9.

In the healthy group, the face appeared shorter, and the
lower lip thinner. In contrast, the preoperative patient group
exhibited a longer face, a thicker lower lip, and differences in
mandibular angle morphology.

Pre- and Postoperative Morphologic Analysis of
Patients With Mandibular Prognathism
(Female)

In the preoperative average face, a flat midface and chin
protrusion were observed. Postoperatively, although the chin
was retracted in the lateral view, the molars still appeared long.
The roundness of the cheek area remained largely unchanged
before and after surgery and still differed from that of normal
subjects (Fig. 10).

Principal component analysis extracted up to the 15th prin-
cipal component (cumulative contribution rate: 91.835%), and
the cumulative contribution from the 1st to the 8th principal
components was 79.641% (Supplemental Data: Table 4, Sup-
plemental Digital Content 1, http://links.lww.com/SCS/I202).
ANOVA showed significant differences in the first and third
principal components. Tukey’s test indicated significant differ-
ences between the patient group and healthy subjects for the first

FIGURE 4. ROC curve of PC1 and PC2 in healthy females and males. The ROC
curve comparing healthy females and males showed an AUC of 93.33% for the
first principal component (red line). This indicates that the first principal
component distinguishes between male and female facial morphology with
high accuracy, reflecting key morphologic differences.

FIGURE 5. Virtual shape created from the 1st principal component. Female
faces are smaller overall, with a characteristically rounded shape from the
cheekbones to the cheeks. In addition, the lower jaw is shorter and the
protruding chin is less prominent compared with males. In contrast, male
midfaces are straighter, the lower jaw is longer, and the chin protrusion is more
noticeable.

FIGURE 6. Average face (male). Preoperative facial morphology showed a
prominent protruding chin. Postoperatively, the average facial morphology of
male patients more closely resembled that of healthy male subjects than of
healthy females.

FIGURE 7. Box plots for statistically significant principal components (male). In
males, significant differences were observed in the first, third, and fourth
principal components. The first and fourth components showed significant
differences between the patient and healthy control groups, while the third
component showed a significant difference between the preoperative patient
group and the healthy control group. *: P<0.05
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principal component, and between healthy subjects and post-
operative patients for the third component only (Fig. 11:
box-and-whisker diagram, Fig. 12: scatter plot). Morphed
images based on the third principal component are shown in
Fig. 13.

Significant differences were observed between the healthy
and postoperative patient groups, including differences in aspect
ratio in the lateral view, chin protrusion, midface roundness,
and lower lip thickness.

DISCUSSION
Although the primary goal of treating jaw deformities is to
improve oral and maxillofacial function, esthetic enhancement
also plays a significant role. Many patients with jaw deformities
experience feelings of inferiority and depression, and treatment
plans should consider esthetic outcomes as well.12

While sex differences in facial morphology have long been
studied, it remains important to consider these characteristics
when setting esthetic treatment goals for jaw deform-
ities.1,4,6,12,13 In particular, regarding soft tissues, it has tradi-
tionally been noted that males have a greater overall facial
height, while females tend to have a relatively larger central
facial area and a smaller masticatory region.15 In addition,
males are reported to exhibit greater facial irregularity than
females. Some studies have also suggested that Oriental pop-
ulations, particularly Japanese women, tend to have wider
central facial structures compared with men.16

However, evaluation methods for facial soft tissue mor-
phology are not yet well established. Even when 3-dimensional
facial surface data are collected, analyses often rely on super-
imposition within the same individual or comparisons

based on distances and angles between feature points.8

No standard method has been developed to assess the
3-dimensional curvature of facial shapes.

In recent years, homologous modeling has enabled statistical
processing of 3D shape data.17,18 Homologous modeling is a
technique that applies a common template—with a defined
number of polygons—onto each 3D dataset by matching ana-
tomic landmarks. This process creates models with consistent
polygon counts across samples.19 The original method was in-
troduced by Mochimaru and colleagues in their work, Analysis
of 3D human foot forms using the free-form deformation
method and its application in grading shoes lasts. This techni-
que enables both quantitative comparisons and multivariate
analysis. In this study, we used homologous modeling to eval-
uate 3-dimensional facial features and applied it to assess sur-
gical outcomes in patients with jaw deformities.

First, we examined whether facial shape differences between
males and females could be identified in a healthy population,
and if so, what those differences were. As a result, conventional
observations—such as females having a rounder zygomatic-to-cheek
area and a slightly smaller chin—were confirmed with statistical
clarity. This supports the need to address soft tissuemorphologic and
dimensional differences between sexes in treatment planning.

Given the confirmed sex differences in the soft tissues of
normal subjects, we deemed it necessary to analyze the facial

FIGURE 8. Scatter plot of patient facial appearance before and after surgery
compared with healthy subjects (male). The principal components that
showed significant differences in males were the first, third, and fourth. Scatter
plots were generated with the first principal component on the x-axis and the
third or fourth on the y-axis. The first and fourth principal components
highlighted characteristics that did not overlap between the groups’
probability ellipses.

FIGURE 9. Virtual shape created from the 4th principal component (patient
and healthy/male). The fourth principal component showed significant
differences between the healthy control and patient groups. The healthy group
had a shorter facial length and thinner lower lip, whereas the patient group
had a longer face and thicker lips.

FIGURE 10. Average face (female). The preoperative average face in female
patients showed noticeable chin protrusion, a flat midface, and features
resembling a masculine facial appearance. Postoperative results showed
improvement in chin protrusion, but midface flatness and increased facial
height remained more prominent compared with healthy females.

FIGURE 11. Box plots for statistically significant principal components
(female). Analysis of variance identified principal components with significant
differences among healthy subjects, preoperative patients, and postoperative
patients. Tukey test revealed that in females, significant differences were found
in the first and third principal components. The first component differed
between the patient and healthy groups, while the third component differed
between postoperative patients and healthy controls. *: P<0.05
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morphology of jaw deformity patients separately by sex. We
therefore reviewed outcomes of single-jaw mandibular setback
surgery in patients with mandibular prognathism and no asym-
metry, stratified by sex. Results showed that male patients were
more likely to achieve postoperative facial profiles similar to
healthy controls with mandibular surgery alone. However, female
patients continued to exhibit masculine features such as midface
flatness and increased facial height, even after surgery. This
suggests that, even when occlusion is corrected to class I, a single
mandibular procedure may not yield ideal facial soft tissue out-
comes in female patients with mandibular prognathism.

Therefore, in female patients, surgical intervention may need
to extend to the midface (cheek area) and molar region to im-
prove overall facial appearance. Conversely, male patients with
skeletal class II malocclusion may also experience limited im-
provement with mandibular surgery alone.

One limitation of this study was the small sample size.
Further case accumulation and multicenter validation are
needed to establish more robust evidence for treatment strat-
egies. However, within this study, the results appear relatively
reliable, as the analysis was limited to a consistent deformity
pattern—mandibular prognathism without asymmetry.

Even in procedures focused on hard tissue, considering
soft tissue morphology—and especially sex differences—may
contribute significantly to improved patient satisfaction.

CONCLUSION
In this preliminary study, we analyzed the soft tissue morphology
of the face in patients with mandibular prognathism who under-
went orthognathic mandibular surgery alone. The findings suggest

that female patients may retain masculine facial features post-
operatively, even when occlusion is corrected to class I. Therefore,
surgical modification of the midface (cheeks) and chin should be
considered for female patients to enhance facial appearance. Even
in hard tissue surgeries, attention to sex-related soft tissue differ-
ences may help improve overall patient satisfaction.
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FIGURE 12. Scatter plot of patient facial appearance before and after surgery
compared with healthy subjects (female). A scatter plot was created using the
first and third principal components, which showed significant differences in
females. The first component likely represents overall morphologic differences
between patient and healthy groups. The third component showed a
significant difference between postoperative patients and healthy controls. The
patient group appeared to be enclosed within the healthy group’s probability
ellipse. Plots and ellipses were generated using R (version 4.2.3).

FIGURE 13. Virtual shape created from the 3rd principal component
(postoperative patient and healthy/female). The third principal component
showed a significant difference between the postoperative patient group and
the healthy control group. It reflects differences in overall facial size
(postoperative faces were longer and deeper) and in chin protrusion.
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