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Three-dimensional measurements on the mandible of patients with
hemifacial microsomia
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Abstract

Background: Hemifacial microsomia (HFM), which involves multiple sites with different levels of severity, is the second mb
common congenital craniofacial deformity after cleft lip and palate. However, three-dimensional (3D) measurements of
mandibular deformities have not yet been studied in detail. The objective of this study is to investigate the method of 3D
measurements of mandibular deformities in HFM patients.

Methods: A total of 48 HFM patients were included in this study. All clinical treatment for patients was performed in the Plastic
Surgery Hospital of the Chinese Academy of Medical Sciences at Peking Union Medical College from June 2006 to June 2020. The
patients’ 3D computerized tomography scan data were processed using medical imaging software, following four iterative steps:
3D reconstruction, mirroring, differential analysis, and partition.

Results: The characteristics of the mandibular bone in HFM patients are mainly presented as follows: (1) compared to the normal
side, the part of the bone body that extends from the ascending ramus to the pogonion (Po-NB) is analyzed using a dynamic
process: less fullness-fullness-more fullness; (2) absences were frequently observed among the angular zones, that is, the height of
the ascending ramus is deficient.

Conclusions: HFM is a complicated condition with numerous variations in clinical presentation. We employed both 3D image
reconstruction and computerization image processing techniques to investigate asymmetrical mandibular deformity in HFM

patients in detail and with great accuracy. This will be of great use to clinicians for disease management.
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Introduction

Hemifacial microsomia (HFM) is the second most
common congenital craniofacial deformity, after cleft
lip and palate. Besides, it involves multiple sites with
different levels of severity. Mandibular dysplasia (known
as MDP syndrome) is the most frequent and complex
skeletal deformity associated with HFM.!"?! The clinical
features of MDP syndrome mainly present dysplasia or the
loss of bone in the ascending ramus of the mandibular
bone. Also, various presentations are found among
patients with MDP in the ascending ramus, such as
flatness of the articular surface of the condyle, dysplasia,
or abnormal position of the temporomandibular joint,
temporomandibular joint absence at the base of the skull,
or an enlarged angle of the mandible.’~!

To achieve the optimal treatment outcome, it is essential
to conduct a thorough pre-operative evaluation and
surgical plan before elective surgery for HFM patients.
However, conventional approaches are mainly based on two-
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dimensional measurements from skull X-rays,'®”! which
makes it challenging to capture the characteristics of the
deformity and obtain a comprehensive understanding of
the individual case. To assist surgical planning, we conducted
an exploratory experiment using three-dimensional (3D)
measurements of the mandibular bone for 48 HFM patients.

Methods

Ethical Approval

Ethics approval for this study was approved by the
Medical Ethics Committee at the Plastic Surgery Hospital
(PSH) (No. 2022-6). Informed consent was obtained from
all individual participants involved in the study.

Study Population

A total of 48 HFM patients were included in this study: 27
females (56.3%) and 21 males (43.8%). Twenty-three
patients were presented with left-sided HFM, while the
remaining cases had right-sided HFM. The mean age of the
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study population was 19 years, ranging from 13 to 27 years.
All clinical procedures were performed in the PSH of the
Chinese Academy of Medical Sciences at Peking Union
Medical College between June 2006 and June 2020.

Image Analysis Methods

The patients’ 3D computerized tomography (CT) scan
images were processed according to four iterative steps
using medical image software: 3D reconstruction, mirror-
ing, differential analysis, and partition.

3D Reconstruction

Primary 3D CT scan data in the Digital Imaging and
Communications in Medicine format were used as the
input in the medical imaging software (Brilliance 64,
Philips, Netherlands) for further processing. Individual-
ized threshold values were applied for hard-tissue
reconstruction of the skull, and a 3D image of the skull
was subsequently generated.

Mirroring

The mirror plane was determined using three points on the
reconstructed 3D skull image [shown in Figure 1]: the nasal
root point, the intersection point of the sagittal seam and the
herringbone seam, and the intersection point between
the foramen magnum and the external occipital ridge. The
image of the deformed side was then replaced with a mirror
image of the normal side to attain a symmetrical 3D image.

Differential Analysis

Next, differential analysis was performed on the over-
lapping images between the mirrored 3D image and the
original image under the same coordinates. Two different
software applications were employed to process the 3D
images: Imageware v12.0 and Geomagic Studio v9.0. The
former was used for pre-processing, while the latter was
used to label the differences between the pre- and
postmirror images, using pre-defined colors.
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Partition

The overlapping 3D images were adjusted into a
standardized measurement plane of the skull lateral
view. Adjusted images were then partitioned into six
zones after referencing clinical observations. First,
horizontal and vertical lines were generated from the
distal tooth cervix on the surface of the mandibular
second molar. Next, vertical lines were drawn from the
intersection point between the ramus of the mandible and
the body of the mandible on the occlusal surface of the
mandibular second molar. Finally, two individual
vertical lines were drawn from the mental foramen on
the mirrored pane. Ultimately, the patient’s mandibular
image was partitioned into six zones: a, b, ¢, d, e, and f, as
Figure 2A illustrates. Zone a represents the upper half
area of the mandibular ramus, b and ¢ signify the lower H
area of the mandibular ramus, d denotes the mandibular
body area, e is the chin area, and f represents the
mandibular angle. Differential analysis was conducted
within the individual zones. Measurements were quanti-
fied using default coordinates of the CT scans and were
recorded at up to four digits after the decimal place. A
paired t test was conducted to compare the mean
differences between the same measurements of two
phases for the same patients. Differences measured
between normal and deformed sides were semi-quantita-
tive, as follows: “ +” denotes that the deformed side is
more convex than the normal side with a difference
<5 mm at the apex; “ ++ ” indicates that such a difference
is between 5 and 10 mm; “-” means that the deformed
side is more concave than the normal side with
a difference <5 mm at the bottom; “~” shows that the
difference is in the range of 5 to 10 mm.

Results

Table 1 presents the results of the semi-quantitative
analysis of the mandibular bone images between the
deformed side and the normal side of the 48 patients. The
comparison was made individually in Zones A-E after
standardization. The proportion of HFM patients who
presented convex deformed sides was 2%, 19%, 83%,

Figure 1: Determine the mirror plane using three points: (A) nasal root point; (B) intersection point of the sagittal seam and the herringbone seam; (C) intersection point between the

foramen magnum and the external occipital ridge.
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Figure 2: (A) lllustration of the mandibular partition; Zone a represents the upper half area of the mandibular ramus, b and c signify the lower ¥2 zarea of the mandibular ramus, d denotes
the mandibular body area, e is the chin area, and f represents the mandibular angle. (B) Mandibular bone characteristics of HFM patients. HFM: Hemifacial microsomia. “+” denotes that
the deformed side is more convex than the normal side with a difference <5 mm at the apex; “++" indicates that such a difference is between 5 and 10 mm; “~” means that the deformed
side is more concave than the normal side with a difference <5 mm at the bottom; “— —” shows that the difference is in the range of 5 to 10 mm.

Table 1: Comparison of the mandibular bone image between the deformed side and the normal side within Zones A-E after standardization.

Zone
ltems A B c D E
Convex deformed side (count) 1 9 40 46 47
Convex deformed side (%) 2 19 83 96 98
Average difference between deformed side and healthy side - - - + + o+ +

“+” denotes that the deformed side is more convex than the normal side with a difference <5 mm at the apex; “++” indicates that such a difference is
between 5 and 10 mm; “~” means that the deformed side is more concave than the normal side with a difference <5 mm at the bottom; “~ =" shows that
the difference is in the range of 5 to 10 mm.

Figure 3: Typical case: a 14-year-old female with HFM on the right side. (A) Lateral, (B) front. HFM: Hemifacial microsomia.

96%, and 98%, respectively. A comparison of Zone F  the normal side, a part of the bone body from the
shows that 88% of patients presented a complete absence  ascending ramus to the pogonion (Po-NB) was examined
of bone in this region, while 54% of patients showed a  utilizing a dynamic process: less fullness-fullness-more
reduced width of the lower face. fullness; (2) absences were frequently observed among

angular zones, that is, the height of the ascending ramus
The characteristics of the mandibular bone of HEM  was reduced. Figure 2B presents a visual representation of
patients are mainly presented as follows: (1) compared to ~ our findings Figure 3.
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Typical case: A typical case is a 14-year-old female who  height in the ascending ramus [shown in Figure 4].
was diagnosed with congenital right-sided HFM. After  However, the absence of the deformed side did not
3D image reconstruction, mirroring, differential anal-  result in a reduction in the width of the lower part of
ysis, and partition, the patient displayed a lack of the face.
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Figure 4: (A—C) The mirroring process: (A) before mirroring; (B) mirror plane; (C) after mirroring; (D—F) differential analysis with Imageware v12.0. The white part is the original three-
dimensional skull image of the patient, and the pink part is the mirror image; (G-H) differential analysis with Geomagic Studio v9.0. The difference between the images before and after
mirroring is presented: (G) frontal view; (H) lateral view. Value range: —10.4 to 10.4 mm.
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Discussion

Significance of 3D Measurements

HFM is also known as craniofacial microsomia, first and
second branchial arch syndrome, or lateral facial
dysplasia. As the second most common congenital facial
deformity after cleft lip and palate, the crude incidence
rate is about 1/3500 to 1/5600 of total live births."*! This
malformation involves multiple anatomic locations and
various levels of severity.'®! The most frequent and also
the most complicated bone deformity among this group
of patients is a mandibular deformity. Therefore, the
treatment for mandibular deformity is the foundation of
the clinical management of HFM.!”'°! Current treat-
ments include lengthener implantation, osteotomy, and
augmentation, with the primary objective being symmet-
rical facial structure and deformity correction.!'™121 A
detailed and comprehensive understanding of the defor-
mity contributes to an individualized surgical plan and
eventually leads to better treatment outcomes.!'?!
However, conventional measurement of HFM is gener-
ally based on 2D skull X-ray images, which may not be
sufficient to capture a complete picture of the character-
istics of each individual deformity. Evidence from
research suggests that 3D measurements can achieve
preciseness up to 0.01 mm. The mean difference of
distance between 3D measurements and the conventional
2D approach is about 5.64 mm, and the average
difference of theangular distance is approximately
3.69°. Compared to direct measurements of skull speci-
mens, 3D imaging has demonstrated excellent accuracy,
with an average difference of 0.19 mm. Evidence from
this study demonstrates that 3D CT scans could be used
as an accurate and valid tool for facial cranial research
studies.!'>1¢

Choice of Reference Points

It is crucial to establish reference points on the skull
surface for the 3D imaging technique. Apart from a few
mild cases, most HFM patients present extensive asym-
metrical deformities including asymmetries in the man-
dibular, maxillary, zygomatic, or orbital regions. Severe
cases, such as asymmetrical pathological changes, may
even affect the temporal bone.

Due to the unique facial cranial pathological characteristics
of HFM patients, conventional reference points such as Po-
NB, superior alveolar base (SNA), and inferior alveolar base
(ANB) may not apply in HEM cases. In this study, we chose
reference points that were located far from each other and
adopted ones where the extent of the deformity was mild:
the nasion, the intersection point between the occipital
foramen and the external occipital protuberance (referred to
as the “anonymous point” in this study), and the
intersection point between the sagittal suture and the
lambdoid suture (the “lambdoid point™). These three points
were employed to establish a plane for conducting the
mirror procedure. During the case analysis, we discovered
that this mirror plane did not fit one patient who had severe
asymmetry of the skull. Therefore, this case was excluded
from the final analysis.
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Stability of Reference Points

To ensure the validity and replicability of the results of
this study, we performed repeated calibration procedures
to test the stability of the reference points in two phases
with a 2-week interval. Given that the stability of the
nasion has been widely studied, we did not replicate the
test on this point, and the test was only performed for
the anonymous point and lambdoid point. During the
first phase, six repeated measurements were conducted
on the 3D reconstructed skull images by a cranial facial
surgeon within 1 week. The values of these two reference
points on the 3D coordinate system were labeled as X, Y,
and Z. The same procedure as Phase 1 was repeated
2 weeks later in Phase 2. A paired ¢ test was performed
using SPSS v13.0 software, and results show that the
anonymous point and lambdoid point both have good
stability (P > 0.05).

Results of 3D Measurements

As Table 1 shows, only one case presented fullness in Zone
A with a significant difference observed between the
deformed side and the normal side. In Zone D, 96% of
patients displayed a convex deformed shape, and the
average difference between the two sides was significant. A
possible explanation for this could be that the MDP of the
deformed side results in the uneven development of the
mandible. Besides, the position of the condyle of both sides
is relatively stable. Therefore, increased resistance in the
ascending ramus of the mandible on the deformed side
affects the development of the ascending ramus. This also
results in a shift of the Po-NB to the normal side.
Consequently, during surgical treatment, clinical discre-
tion should be made based on the individual patient’s
needs, and augmentation to an underdeveloped area on
the deformed side or an osteotomy for the convex normal

side should be offered.

The majority of the patients (88%) presented an absence in
Zone F, which is caused by dysplasia. Dysplasia of the
ascending ramus of the mandible can result in a decrease in
the height of the ascending ramus, with 54% of patients
presenting reduced face width. Therefore, height reduction of
the ascending ramus is a feature of HFM patients. However,
surgical procedures to increase facial width should be offered
according to the individual patient’s clinical presentation.

Conclusions

In this study, both 3D image reconstruction and
computerized image processing techniques were employed
to investigate in detail asymmetrical mandibular defor-
mity in HFM patients. Results from this study demon-
strate a regular trend regarding the morphological
presentation of the mandibular structure among patients.
This will assist clinicians in the treatment of HFM
patients.

We established that HFM is a complicated condition with
large variations in clinical presentation, thus there is no
agreed standardized procedure for surgical treatment
based on current medical evidence. To date, this is the
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comprehensive study that includes the deformity of bone
tissue without the consideration of the possible asymmet-
rical deformity in cartilage tissue. Besides, the mirror plane
adopted for making measurements in this study is a
relatively straight forward reference. However, clinicians
should be cautious when applying the results of this study
in clinical practice and should consider the medical needs
of individual patients.
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