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Abstract

Objective: To compare the effectiveness, accuracy, and surgical safety of a navigation technique
with those of a traditional technique for intraoperative mandibular angle osteotomy.
Methods: Forty-three postsurgical patients with mandibular angle hypertrophy who were admit-
ted to our Department from June 2014 to June 2017 were retrospectively reviewed. Of these
patients, 23 underwent mandibular angle osteotomy using computer-assisted navigation (naviga-
tion group), and 20 underwent osteotomy using a traditional technique (traditional group).
Postoperative computed tomography images were analyzed by three-dimensional software.
Each patient’s facial proportion indices were measured using Mimics 19.0 software, and statistical
comparisons and analyses were performed preoperatively and postoperatively.

Results: The postoperative facial contour morphology and facial proportion were improved in
both groups; the navigation group showed greater improvement. The difference between the
predicted and postoperative values was smaller in the navigation group than traditional group.
The postoperative shape of the mandibular angle sample was similar to the preoperative pre-
dicted shape in the navigation group. No complications occurred in the navigation group, but
paresthesia occurred in 17% of patients in the traditional group.

Conclusions: Mandibular angle osteotomy aided with computer-assisted navigation is more effec-
tive, accurate, and safe than the traditional technique and represents a promising clinical approach.
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Introduction

A prominent mandibular angle is character-
istic of a square or trapezoidal facial
appearance. This facial characteristic has
been viewed as rough or masculine in
some cultures, which has led to a negative
body image particularly in young Asian
women who exhibit this contour symmetry.
Because Oriental culture views an elliptical
and slim facial profile as more feminine and
beautiful, mandibular angle osteotomy
(MAO) continues to be the most important
and frequently requested procedure in cra-
niofacial contouring surgery.' * However,
the anatomical location of the mandible is
where critical blood vessels and nerves con-
verge, thus increasing the surgical risks.*

During the actual operation, the visual
field is narrowed to a gap between the
mouth and the mandible, and retractors
can easily cause damage to the mandibular
branch of the facial nerve. Surgical success
relies largely on the surgeon’s clinical expe-
rience and interpretation of the preopera-
tive computed tomography (CT) images,
but the tissue structure and the adjoining
relationship of the intraoperative mandible
cannot be visualized in real time. This can
lead to multiple complications such as mas-
sive bleeding, accidental mandibular frac-
tures, facial nerve injury, and a second
mandibular fracture line. Perfection and
optimization of the mandibular surgical
technique to achieve the expected efficacy
and reduce the probability of complications
is the goal of all plastic surgeons.”

The availability of sophisticated techni-
ques such as image-guided surgery has
broadened, and the application of this tech-
nology in craniomaxillofacial surgery has
grown in recent years. Image-guided sur-
gery integrates the preoperative imaging
data into a three-dimensional (3D), multi-
planar, computerized reconstruction of
the asymmetric oral cavity. By visualizing
the physical landmarks of the tissue using

the radiographic map, a preoperative simu-
lation of the surgical plan can be prepared.
In addition, image-guided surgery can be
used for image-guided navigation during
the surgical procedure and evaluation of
the postoperative efficacy of the procedure.
Although not a substitute for operative
experience, image-guided surgery can
improve the accuracy of surgery, reduce
risks, and ensure postoperative efficacy.'*!!
The goal of this study was to compare the
effectiveness, accuracy, and surgical safety
of computer-navigated MAO with those of
MAO performed by the traditional surgi-
cal approach.

Materials and methods

Patients

We retrospectively reviewed postsurgical
patients with mandibular angle hypertro-
phy who were admitted to the Plastic and
Reconstructive Surgery Department from
June 2014 to June 2017. The study popula-
tion comprised patients who underwent
MAOQO assisted by computer navigation
(navigation group) and patients who under-
went MAO using the traditional technique
(traditional group). All surgeries were per-
formed by the same team of senior surgeons
who had at least 10 years of operative expe-
rience in craniofacial surgery. The team
was also specialized in operating the
computer-assisted navigation system used
in this study.

Preoperative analysis and study design

CT data from each patient were obtained
using a spiral CT scanner (Lightspeed 16,
model no. 5232083-8; GE Healthcare,
Milwaukee, WI, USA).These digital imag-
ing and communications in medicine
(DICOM) files were imported into Mimics
19.0 software (Materialise, Leuven,
Belgium) to render a 3D image of the
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mandible and soft tissues. Surgical proce-
dures were performed virtually on cutting
planes that were generated to ensure the
desire outcome (Figure 1).

Mimics 19.0 software was used to per-
form 3D cephalometric measurements of
each patient’s facial proportion indices.
The facial proportion indices were the
widest part of the midface (WM) (widest
distance between the bilateral zygomatic
arches), the widest part of the lower face
(WL) (distance between the mandibular
angles on both sides), and the facial height
(FH) (distance from the nasal roots to the
infraorbital point). The mandibular angle
was also measured for each patient during
preoperative preparation and at the postop-
erative follow-up visits. This angle is the
intersection of two tangents: the ascending
branch of the mandible tangent to the pos-
terior edge of the condyle, and the tangent
that reaches the lowest part of the lower
mandible. Preoperative and postoperative
data were statistically analyzed.

Surgical technique

Computer-assisted navigation. Before CT scan-
ning, four traction screws were implanted

(a) (b)

into the alveolar bone on the cheek side of
the bilateral upper and lower cuspids and
the first premolar under local anesthesia
(Figure 2). A fixation screw with an elastic
snare was used to ensure that the occlusal
relationship was stable and the mandible
had no movement. The data of the preop-
erative osteotomy plan could then be
imported into the surgical navigation
system for 3D real-time visualization
during surgery after CT scanning and estab-
lishment of the cutting plan design.

A navigation reference support was
installed on the right side of the patient’s
head (Figure 3(a)). The surgeon then stabi-
lized the occlusal relationship with a wire-
jaw ligation to ensure that the mandible
was inactive under general anesthesia
(Figure 3(b)). Subperiosteal separation
was performed to expose the lateral man-
dibular angle, mandibular edge, and part
of the medial surface. The navigation
probe was used to locate the osteotomy
points (Figure 3(c) and (d)), and a pencil
was used to mark the mandibular angle of
the outer plate (Figure 3(e)). To determine
the osteotomy plane and thickness, a navi-
gation blade was used to accurately guide

()

Figure |. The preoperative design was created using computer-aided design software. (a) Left oblique view.
(b) Cutting planes planned by the software and prepared as the assisted information for MAO and (c) Left

virtual postoperative view.
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Figure 2. Traction screw implantation.

the MAO with real-time navigation aids
(Figure 3(f)). The mandibular angle was
removed completely, and the mandible
was smoothed.

Traditional technique. The osteotomy line was
determined by the surgeon based on the
relationship between the osteotomy and
the mandibular angle. The cutting plane
was performed at the appropriate location
and angulation by gross visualization
(Figure 4). The two bone segments were
then compared to ensure symmetry. If the
incision was not appropriate or accurate,
the osteotomy was modified.

Postoperative measurement
and assessment

At the follow-up visits (6 months to 2
years), the patients underwent cranial CT

examination and 3D skull reconstruction.
The measurement indices were the same as
those used before the operation (WL, FH,
and WM). The WM/WL, WM/FH, and
WL/FH ratios were calculated from hard
tissue and soft tissue.'? The preoperative
and postoperative facial measurement data
were statistically analyzed.

The preoperatively predicted MAO and
the postoperative mandibular angle speci-
mens were subjected to CT scans and 3D
reconstruction. The mandibular angle
model was reconstructed using Mimics
19.0 software. The STL format data were
imported into Rapidform 2006 software
(INUS Technology, Seoul, South Korea),
and the preoperatively predicted osteotomy
was performed. Morphological compari-
sons with the postoperative mandibular
angle alignment showed overlapping
images on the same coordinate point. The
software used different colors to highlight
differences between predicted outcomes and
postoperative results, and the accuracy of
the osteotomy was visually displayed.

During the postoperative examinations,
the patients were questioned and examined
for the presence of postoperative complica-
tions such as numbness, hematoma, mandib-
ular fracture, facial asymmetry, angulation
deformity in the mandibular body after
MAO, and infection. Any reports or obser-
vations of postoperative complications were
recorded in the patient’s chart.

Statistical analysis

The mandibular angle model was recon-
structed using Mimics 19.0 software, and
the STL format data were imported into
Rapidform 2006 software. SPSS 19.0 soft-
ware (IBM Corp., Armonk, NY, USA) was
used for the statistical analysis, and the
matched t-test was used to determine statisti-
cal significance (P < 0.05 indicated significant
differences). Normalized measurement data
are presented as mean =+ standard deviation.
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Figure 3. Surgical procedures. (a) Probe marker position. (b) Intermaxillary ligation. (c, d) Navigation
support mounting and (e, f) Guided osteotomy using pencil markers.

Figure 4. An incision line was made using a
pencil under gross visualization in the
traditional group.

Ethics

This study was approved by the internal
review board of the Ninth People’s Hospital
of the Shanghai Jiao Tong University School
of Medicine, and all procedures complied
with the ethical standards of the 1964
Helsinki declaration and its later amend-
ments. All methods were performed in accor-
dance with the relevant guidelines and
regulations. Written informed consent was
obtained from all patients prior to perfor-
mance of the advanced digital imaging
and MAO.
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Results

Patients

In total, 43 patients were included in this
study. The navigation group comprised 23
patients, and the traditional group com-
prised 20 patients. All patients were
female; other demographic and radiograph-
ic data are presented in Table 1. The mean
patient age in the navigation group was
28.17£5.56 years (range, 19-43 years),
and that in the traditional group was
27.65 £ 3.90 years (range, 2344 years).

Effectiveness

The preoperative low-angle mandibular
angle hypertrophy showed significant post-
operative improvements in both groups. In
the navigation group, the right mandibular
angle significantly increased from 108.71°
+3.80° to 125.32°43.68°, while the left
mandibular angle increased from 108.54°
+4.0° to 125.03°+4.36° (P<0.001). The

Table I. Demographic data of the patients in the
two groups.

Navigation Traditional
group group
Patients, n 23 20
Sex Female Female
Age at operation,y  28.17 £5.56 27.65+3.90

WL significantly decreased from 101.54
+2.92 to 97.46+3.07 mm (P < 0.001). The
WM/WL ratio increased from 1.27 £+ 0.04 to
1.324+0.05, and the WL/FH ratio signifi-
cantly decreased from 0.8740.03 to 0.84
£0.04 (P<0.001). In the traditional group,
the right mandibular angle increased from
108.67° +4.02° to 124.82° 4+ 3.51°, while the
left mandibular angle significantly increased
from 108.56° +4.20° to 124.48°+4.08°
(P <0.001). The WL decreased from 101.69
+2.90 to 98.49+3.14 mm (P<0.001). The
WM/WL ratio significantly increased from
1.26+£0.043 to 1.304£0.053, and the
WL/FH ratio decreased from 0.87 £ 0.037
to 0.85+£0.040 (P<0.001). These results
indicate that the patients who underwent
navigation-assisted surgery exhibited greater
improvements in their postoperative facial
contour morphologies and facial proportions
than did patients who underwent surgery via
the traditional approach (Table 2).

Accuracy

The facial indicators and mandibular angle
volumetrics of the two groups were mea-
sured, and the differences between the pre-
operative predicted values and postoperative
values were calculated. In the navigation
group, the left mandibular angle volumetric
discrepancy was 0.15+0.06mm?®, while
the right mandibular angle volumetric

Table 2. Three-dimensional measurements of facial bones before and after mandibular osteotomy in the

two groups.

Navigation group

Traditional group

Facial morphometry Preop Postop P Preop Postop P

Right mandibular angle  108.71°4+3.80°  125.32°4+3.68° <0.001 108.67° £4.02° 124.82° £351° <0.00l
Left mandibular angle 108.54° +-4.00° 125.03°4+-4.36° <0.001 108.56° +£4.20° 124.48°+4.08° <0.00I
WL, mm 101.54+£2.92 9746 £3.07  <0.001 101.69+£2.90 9849 +3.14  <0.001
WM/WL 1.27 £0.04 1.32£0.05  <0.001 1.26 £0.043 1.30£0.053  <0.001
WL/FH 0.87 +0.03 0.84+0.04  <0.001 0.87 +0.037 0.85+0.040 <0.001

FH =facial height; WM = widest part of the midface; WL = widest part of the lower face; Preop = preoperative;

Postop = postoperative.
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discrepancy was 0.06 +0.03 mm?>. In the tra-
ditional group, the left mandibular angle
volumetric discrepancy was 0.35+0.16 mm?>,
and the right mandibular angle
volumetric discrepancy was 0.31+£0.12
mm? (P <0.001). A statistical analysis was
conducted to evaluate the accuracy of the
procedure by comparing the discrepancy
between the two groups, and no other var-
iables were statistically different (Table 3).

In the navigation group, Mimics 19.0
software was used to perform preopera-
tive—postoperative mandibular angle 3D
reconstructions and human—computer inter-
action registrations. Blue colors indicated

the preoperatively predicted mandibular
angle morphology, and gray colors indicated
the reconstruction of the mandibular angle
specimens after surgery. Regions that over-
lapped between the preoperative and post-
operative conditions were colored gray
(Figure 5(a)). Rapidform 2006 software
was used for preoperative design and analy-
sis of surface differences in the mandibular
angle samples (Figure 5(b)). In the tradition-
al group, however, multiple osteotomies
were performed and the 3D reconstruction
of the mandibular angle morphology was
therefore prone to errors compared with
the preoperative design; thus, no reference

Table 3. Comparison of differences between preoperative predicted values and postoperative values

between the two groups.

Volume of mandibular

angle, mm?® Mandibular angle

Left side Right side  Right side Left side WL, cm WM/WL  WL/FH
Navigation 0.154+0.06 0.06+0.03 3.33°+3.67° 2.52°+2.16° 1.83+1.41 0.024+0.02 0.0l £0.01
Traditional 0.35+0.16 0.31=£0.12 2.65°£1.69° 2.16°+£142° 192+1.16 0.03+£0.02 0.02+0.0l
P-value <0.001 <0.001 >0.05 >0.05 >0.05 >0.05 >0.05

FH = facial height; WM = widest part of the midface; WL = widest part of the lower face.

(@)

Figure 5. Three-dimensional (3D) reconstruction and analysis of mandibular angles. (a) Mimics 19.0 soft-
ware was used to create 3D reconstructions of preoperative (blue) and postoperative (gray) mandibular
angles. (b) Rapidform 2006 software was used to analyze the difference between the preoperative design and

the mandibular angle samples.
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value was obtained in the traditional group.
These results suggest that greater similarity
between the postoperative mandibular angle
sample morphology and the preoperative
prediction results was obtained in the navi-
gation than traditional group.

Safety

All 23 patients in the navigation group
recovered well after surgery. They were dis-
charged from the hospital 1 week after the
operation, and soft tissue swelling resolved
or was significantly reduced after 2 to 3
weeks. The patients received follow-up
care for postoperative facial measurements
and to report any complications. No com-
plications were reported, and no patients
required secondary repairs. Of the 20
patients in the traditional group, 3 patients
reported numbness (paresthesia), and 1 of
these 3 still showed no recovery 6 months
postoperatively. No other complications
were identified or reported (Table 4).

Discussion

With the growing influence of fashion and
media, increasingly more young Asian
women are expressing a preference for the
softer or more feminine appearance of an
egg-shaped face. Therefore, the number of

Table 4. Complications in the two surgical groups.

plastic surgeries to correct the mandibular
angle has increased in East Asian countries.
The structural bone interactions in this
region are complex, limiting the oral field
and making precise location of the osteot-
omy lines through an intraoral incision the
most important and challenging aspect of
the operation.'*”'*> Although various mod-
ifications have been made to MAO,
improvements in the efficiency and accura-
cy of surgery are required.

With the development of high-tech digital
imaging technology, many computer soft-
ware programs have been applied to formu-
late preoperative planning on 3D skeletal
models extracted from CT images. This
advancement reduces the difficulty of preop-
erative planning, and the real-time naviga-
tion system can transfer the preoperative
plan to the actual surgery to optimize the
accuracy and efficiency of the operation.'®

Many studies have applied real-time nav-
igation systems to actual operations.'”° In
1908, the first intraoperative navigation
technique was used in neurosurgery by
Horsley and Clarke.! Since then, intraoper-
ative navigation has developed rapidly, espe-
cially in the areas of complex anatomy such
as the head and neck. In maxillofacial sur-
gery, navigation techniques are mainly used
in temporomandibular joint arthroplasty,

Navigation group

Traditional group

Complications Case

Treatment

Case Treatment

Paresthesia 0 -

Transitory (<6 months)
Duration (>6 months)
Hematoma

Mandible fracture

Facial asymmetry
Secondary mandibular angle
Infection

Altogether

O OO OO OoOOoOOo
|

3 (17.4%) Neurotrophic signs,

close follow-up

W OoOOoOOoOOoOO—N
|
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reduction of maxillofacial fractures, tumor
resection, and foreign body removal. This
represents a major improvement in the man-
agement of complex cases with no loss of
anatomy, allowing surgeons to understand
the operating area in real time.*

However, limited research has been per-
formed to compare intraoperative naviga-
tion with traditional techniques in the field
of plastic surgery.”> Ma et al.>* compared
the accuracy and precision of image-based
navigation against individualized guides for
distal radius osteotomy. Cheng et al.>> con-
ducted a meta-analysis to determine whether
computer-assisted surgery provides a superi-
or mechanical leg axis, and we conducted the
present study to compare the accuracy, effi-
cacy, and safety of navigation-assisted
versus traditional MAO.

Many factors were analyzed in the pre-
sent study, including facial morphometry
before and after MAO, the difference
between preoperative predicted values and
postoperative values, and documented com-
plications. Navigation-assisted MAO has
significant advantages over traditional
MAQO. In terms of effectiveness, postopera-
tive facial contour morphologies and facial
proportions improved significantly com-
pared with those in patients who underwent
traditional surgery. Under the guidance of
the navigation system, additional mandibu-
lar angle tissue can be removed without
damaging the blood vessels and nerves. In
terms of accuracy, the difference between
the preoperative predicted values and post-
operative values of the mandibular angle
volumetric data were smaller in the naviga-
tion than traditional group, and the range
and angle of the osteotomy could be mod-
ified similar to the predicted value under
navigation assistance. However, the sur-
geon performed the intraoperative osteot-
omy without the aid of a surgical
microscope or other visual technology in
the traditional surgery group. In terms of
safety, the navigation-assisted MAO

approach is safer for patients. The range
of lesions and the surrounding anatomical
structures were accurately located and the
structure of important vascular nerve tis-
sues was protected using intraoperative
navigation. Moreover, the real-time 3D
navigation allowed visualization of the
operation without any visual obstructions.
The combination of virtual and actual
results effectively reduced the occurrence
of complications. This is illustrated by the
fact that no complications occurred in the
navigation-assisted group compared with
17.4% in the traditional surgery group.

Nevertheless, navigational operations
must still overcome technology-related diffi-
culties such as systematic errors, image
errors, registration errors, and operational
errors. Because of the special anatomy of
the mandible, intraoperative instability
causes displacements that lead to deviations
from the preoperative CT image posi-
tion.”*?” In this study, all patients treated
by navigation-assisted surgery underwent
intermaxillary ligature before CT imaging
to prevent errors in image registration.?®*’
Despite these disadvantages, we believe
that navigation assistance is effective, accu-
rate, and safe and that it is a promising
approach for plastic surgery procedures
such as MAO.

Conclusion

The navigation-assisted technique proved to
be more effective, accurate, and safe than the
traditional surgical approach. This study has
demonstrated that computer navigation-
aided MAO is a valuable surgical approach
with direct clinical applicability.
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