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Abstract

Objectives: The reconstruction of unilateral large-sized mandibular contour defects with no loss of continuity and good oc-|
clusion has been a challenge. The purpose of the current study was to evaluate the effect of using patient-specific titanium
mesh scaffolding avascular pure iliac bone graft in reconstructing these defects.

Materials and Methods: From December 2017 to December 2020, thirteen patients with unilateral large-sized mandibular,
contour defects treated in Orthognathic and TMJ Surgery Center of West China Stomatology Hospital were enrolled in this
retrospective study. Patient-specific titanium meshes and mandible models were designed and manufactured by computer-
aided design/computer-aided manufacturing based on reverse engineering after mirroring the unaffected mandibular side.
Linear and angular measurements comparing preoperative and postoperative mandibular CT scans were used to analyze
the symmetries of mandibular contour postoperatively.

Results: The measurements showed satisfactory 3D symmetries of mandibular contour with significant improvement of the
facial symmetry as a whole compared to the preoperative status of all participating patients.

Conclusion: Titanium mesh scaffolding iliac crest bone graft is a successful and feasible combination for reconstructing uni-|
lateral large-sized mandibular contour defects.

Clinical Relevance: This approach can be added to surgeons’ armamentarium improving the reconstruction outcomes that
will improve patients’ quality of life.

Key words : CAD/CAM; Mandibular defects; Patient-specific titanium mesh; Lliac crest bone graft; Reverse engineering.
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Introduction

The appearance of the lower third of the face is mainly deter-
mined by mandibular bony contour, so patients with unilat-
eral mandibular contour defects due to congenital hypoplasia,
trauma, surgical resection, tumor, or any other etiology would
suffer significant facial asymmetry [1]. This deformity is a sig-
nificant clinical challenge for surgeons and patients [1]. The
surgeons’ challenges include choosing the surgical method
and materials to be used, which are associated with many de-
merits that will lead to patients’ challenges [2-5].

The benefits of titanium (Ti) and iliac crest bone graft in recon-
structing craniomaxillofacial defects are well established in the
literature [2-6]. However, no previous work used them simul-
taneously to reconstruct large-sized mandibular contour de-
fects. As a trial to fill this gap, we combined both elements to
gain the advantages of both, taking advantage of the recently
refined reverse engineering concept and CAD/CAM technol-
ogy to design and manufacture patient-specific titanium mesh
scaffolding iliac crest bone graft to reconstruct such defects.
We hypothesize that Ti mesh would expedite the iliac crest
bone graft intake due to stable and intimate contact between
the graft and underlying bone, ensuring restoration of man-
dibular symmetry and facial harmony. The study aimed to
evaluate the effect of using reverse engineering generated
patient-specific titanium mesh combined with iliac crest bone
graft in correcting large-sized mandibular contour defects.

Materials, Patients, and Methods

Patients:

This retrospective study included thirteen patients (seven fe-
males and six males) who underwent surgical correction of
unilateral mandibular bony contour deformity at Orthogna-
thic and TMJ Surgery Center in Oral and Maxillofacial Surgery
Department in West China Stomatology Hospital at Sichuan
University (Chengdu, China) between December 2017 to De-
cember 2020 and all were 18 to 35 years of age (Table 1). Their
medical and radiological records were retrieved from the
registry system of the department. Inclusion criteria were 1.
unilateral mandibular contour deformity that extended from
mandibular angle to near the midline. 2. no history of facial
bone trauma. 3. no preoperative malocclusion of facial asym-
metry that could be corrected by conventional orthognathic
surgery 4. availability of medical and radiological records. 5.
patient permitted to use medical/radiological records for sci-
entific publication. The exclusion criteria were 1. reconstruc-
tion with bone from any source other than the iliac crest. 2.
history of any cosmetic or reconstructive surgery other than
the technique described in the current study 3. incomplete re-
cords that do not provide all the data needed for the current
study.

This study was approved by the institutional review board
of the West China Hospital of Stomatology (WCHS-IRB-
ST-2019-138). The study was conducted following the ethical

Figure 1: a. Frontal, b. sagittal c. axial plane 3D CT scans showing reverse engineering concept to design well-adapted titanium
mesh over the affected mandibular side (right side) augmenting the deficient area to restore the symmetry based on mirroring the

image of the healthy side of the mandible.

Figure 2: a.Printed out 3D Ti mesh. b. Printed out 3D mandibular model showing the simulated genioplasty. c. Titanium mesh
adapted over the defective side of the mandible showing the space for the iliac bone graft.
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Figure 3: a.Titanium mesh with iliac crest bone graft blocks fixated with short titanium screws to the mesh. b. Titanium mesh scaf-
folding bone graft seated passively into the defective area intraoperatively. c. intraoperative photo after simultaneous genioplasty
to correct the chin deviation (anterior extension of the mesh is fixated with short screws to enhance the stability).

Figure 4: 3D CT scan showing the reference lines and angels to
evaluate the success of the suggested surgical approach cor-
recting unilateral mandibular contour defect to restore man-
dibular symmetry. Co-Go and Go-Me lines (bilaterally) repre-
sent ramus length and mandibular body length, respectively.
(CoR: Right Condylion, GoR: Right Gonion, Me: Menton, GoL:
Left Gonion, CoL: Left Condylion).

principles of the Declaration of Helsinki (1964). All patients
signed an informed consent agreement.

Virtual Planning:

All patients’ facial bone spiral computed tomography (CT)
scans done at two different times (T1: preoperative CT, T2: 12
months postoperative CT) at Medical Imaging Department in
our hospital were collected as digital imaging and communica-
tions in medicine (DICOM) files. All CT images were captured
by CT machine (Philips Brilliances 16, Best, The Netherlands)
with the following parameters: 120 kV, 282 mm, and 26.3-sec-
onds scan time. The collected DICOM data was then processed
using MIMICS software v12.0 (Materialise, Belgium) to create
a 3D model of the whole mandible to study the deformity's to-
pography thoroughly. Then, the generated 3D model file was
imported as stereolithography format (.stl) to be opened using
3 Matic™ software (Materialise, Belgium) to design Ti mesh
based on the reverse engineering concept by which the mirror
image of the contralateral side was cloned, ensuring good har-
mony and symmetry (Fig. 1). Finally, the Ti mesh was manu-
factured by CAM machine (PTY Medtech Co., Ltd. Shenzhen)
and fitted over each patient’s mandibular printed 3D model

Figure 5: The three planes used to measure the angles formed
with the lines shown in figure 4 to delineate the 3D position
of the mandibular ramus and body postoperatively represent-
ing the aesthetic outcomes. (FHP: Frankfort horizontal plane,
MSP: Mid-sagittal plane, FP: Frontal plane).

that was used intraoperatively after standardized sterilization
(Fig. 2).

Surgical Techniques

The same senior surgeon corrected unilateral mandibular
bony contour defects under general anesthesia using Ti mesh
and pure autogenous bone graft harvested from the iliac crest.
The patient’s face, neck, and iliac crest regions were prepared
and draped in a routine sterile fashion. The oral cavity was iso-
lated from the surgical site with sterile adhesive drapes. The
mandibular defect site was approached through a cutaneous
incision placed along the skin crease below the inferior bor-
der of the mandible. The soft tissues were widely undermined
to prevent undue tension and ensure exposure of the whole
contour defect site subperiosteally for better examination
and proper adaptation and fixation of Ti mesh. Meanwhile,
the pterygomasseteric sling and suprahyoid musculature
were detached from the medial aspect of the lower border
of the mandible only to the extent needed to adapt the tita-
nium mesh appropriately. The marginal mandibular branch of
the facial nerve and the mental nerve were protected during
dissection, and both the facial artery and vein were ligated.
Ti mesh fitness was checked, and any needed modifications
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Figure 6: (a-b) Preoperative clinical photos showing the right mandibular contour deformity resulting in facial asymmetry with
ipsilateral chin deviation that was depicted on 3D CT scan (c: frontal and lateral view). (d-e) Postoperative clinical photos show
satisfactory symmetrical and aesthetic results after using titanium mesh with iliac crest bone graft and genioplasty to correct the
chin deviation as shown on the postoperative 3D CT scan (f: frontal and lateral view showing augmented side).

Figure 7: (a-b) Preoperative clinical photos showing the hypoplastic right side of the mandible due to contour deformity with result-
ing loss of mandibular angle definition. Titanium mesh trialed over printed out 3D mandible model (c: frontal and lateral view).
(d-e) Postoperative clinical photos show satisfactory mandibular harmony and the facial aesthetic result after using titanium mesh
with iliac crest bone graft as depicted on lateral and axial 3D CT scan (f).

were made to ensure stable mesh adaptation over the re-
cipient bed. After having the iliac crest exposed in the usual
manner, a prefabricated template was used to determine the
shape and size of the corticocancellous bone block that need-
ed to be harvested. Then, after good hemostasis, closure in
layers with drain placement was done. The corticocancellous
block was then trimmed and shaped to be adapted appropri-
ately and fixated to the Ti mesh with short screws (Fig. 3 a.).
Then, the whole unit was applied passively to the defect site,
followed by fixation with multiple screws under copious irriga-

tion with normal saline (Fig. 3.b). Meticulous hemostasis was
accomplished at this time to minimize postoperative hema-
toma formation. Closure in layers after placement of negative
pressure drain was followed. Two patients had genioplasty to
correct the deviated chin (Fig. 3.c). Both drains were removed
after 48 hours postoperatively.

Measured Data:
The measurement methods used in the current study were
based on Nadia et al. study [7].
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To verify the effectiveness of Ti mesh scaffolding iliac crest
bone graft in restoring normal mandibular symmetry and
harmony, we compared the reconstructed side dimensions
with the normal side ones. So, Condylion (Co), Gonions (Go)
bilaterally, and Menton (Me) in the midline were selected as
landmarks to form the Co-Go reference line that represented
the mandibular ramus length, and the Go-Me line to repre-
sent mandibular body length bilaterally (Fig. 4). Furthermore,
to know the 3D positions of both mandibular ramus and body,
we measured the angles formed between the mentioned lines
and the mid-sagittal plane (MSP), Frankfort horizontal plane
(FHP), and frontal plane (FP), as shown in figure 5. The lin-
ear and angular measurements were used to postoperatively
measure the differences between the reconstructed and unaf-
fected sides.

Statistical methods:

Statistical analysis was performed with an independent t-test
using SPSS software version 25 (IBM, Chicago, IL, USA). Statis-
tical significance was set at P- value < 0.05.

Table 1: The patients’ demographic, conducted operations,
and length of the follow-up period details.

) Age . )
Patient Surgical Follow-up period
number (vears)/ procedure(s) (Months)

Gender

1 18/ M MCR+ Ge. 15

2 19/ F MCR 19

3 20/F MCR 14

4 21/ F MCR 13

5 22/ M MCR 10

6 22/F MCR 18

7 24/ M MCR 12

8 27/M MCR+ Ge 20

9 28/ F MCR 12

10 29/F MCR 12

11 30/M MCR 24

12 30/M MCR 15

13 35/F MCR 11

M: male, F: female, MCR: mandibular contour reconstruction;
Ge.: genioplasty.

Results

Seven female and six male patients with unilateral mandibu-
lar bony contour deformity underwent reconstruction with Ti
mesh and iliac crest bone graft with a follow-up period of 10-
24 months (mean 15.6 months), and the average age was 24.8
years (range: 18-35 years) were included in this retrospec-
tive study. Subjective evaluation at one year postoperatively
showed that the facial appearance of all patients improved
dramatically (Fig. 6 d and e), and postoperative CT revealed
that Ti mesh and integrated bone graft were in the planned
position with satisfactory mandibular contour (Fig. 6 f). Out
of the thirteen patients, only two patients needed genioplasty
to adjust their deviated chins. There were no statistically sig-
nificant differences in mandibular measurements (length of
both Co-Go and Go-Me lines, MSP, FHP, and FP formed angels
with mentioned lines) between the reconstructed and healthy
sides (P>0.05) (Table 2 and Table 3). The patients' satisfaction
was high, and their quality of life was substantially improved,
as reported by the patients in the follow-up records. The inter-
pretation of follow-up CT scans revealed active osteogenesis
and a significant intake of the bone graft within the stable Ti
mesh in intimate and stable contact with the recipient bed.

Representative Cases:

Patient 1: Right side mandibular bony contour deformity cor-
rected by Ti mesh with iliac crest bone graft and genioplasty:
An 18-year-old male patient presented with a right-sided man-
dibular contour defect. Clinical examination showed severe
asymmetry of the facial lower third with an ipsilateral devia-
tion of the chin and significant contour defect of the right side
of the face (Fig.6. a and b). Intraoral examination revealed
no maxillary canting, no malocclusion, or bite abnormalities.
Radiological examination showed a short and narrow (bucco-
lingual) right mandibular ramus and body, with marked chin
deviation from the normal side (Fig. 6.c1-c2). Postoperatively,
the titanium mesh combined with the iliac crest bone graft
augmented these contour defects. At the same time, genio-
plasty placed the chin's midline into a more harmonious posi-

Table 2: The linear and angular differences of mandibular ramus between the affected and contralateral side postoperatively.

Length (mm) Angle (°)
Measurement ARL CRL Dif. ARL- CRL- Dif. ARL- CRL- Dif. | ARL-FP | CRL-FP | Dif.
MSP MSP FHP FHP
Mean 54.58 58.47 3.89 11.80 14.15 2.78 95.37 94.74 2.89 6.08 6.49 1.55
SD 7.38 7.57 1.27 3.27 2.3 1.65 4.30 2.36 2.35 1.44 1.98 0.73
P 0.35 0.15 0.74 0.67

mm : millimeter, (°): degrees, ARL: mandibular ramus length of affected side; CRL: mandibular ramus length of contralateral side;
MSP: mid-sagittal plane; FHP: Frankfort horizontal plane; FP: frontal plane; SD: standard deviation; Dif.: difference.

Table 3: The linear and angular differences of the mandibular body between the affected and contralateral side postoperatively.

Length (mm) Angle (°)
Measurement ABL CBL Dif. ABL- CBL- Dif. ABL- CBL- Dif. ABL-FP | CBL-FP Dif.
MSP MSP FHP FHP
Mean 85.35 85.76 1.33 58.94 61.18 2.12 29.21 28.99 1.87 54.97 54.95 1.81
SD 9.12 8.44 0.79 7.01 6.17 1.13 7.81 7.88 0.75 2.18 2.04 0.72
P 0.93 0.54 0.96 0.98

mm : millimeter, (°): degrees, ABL: mandibular body length of affected side; CBL: mandibular body length of contralateral side; MSP:
mid-sagittal plane; FHP: Frankfort horizontal plane; FP: frontal plane; SD: standard deviation; Dif.: difference.
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tion. The patient stayed in bed for one week, and normal gait
was restored after four weeks with an uneventful recovery.
A satisfactory patient facial appearance was achieved, which
significantly enhanced self-confidence and patients’ quality of
life as reported by the patient (Fig. 6.d and e). Besides, post-
operative CT scans showed that chin deviation and contour
defects were properly corrected, restoring facial symmetry
(Fig. 6 f1-f2).

Patient 2: Facial asymmetry due to mandibular contour de-
formity corrected by Ti mesh and iliac bone graft:

A 24-year-old male patient was referred to our hospital seek-
ing correction of asymmetric mandibular contour deformity
(Fig. 7.a and b). Radiological examination showed right-side
mandibular body defects with a proper occlusal relationship.
Individualized titanium mesh was designed and manufactured
with the help of CAD/CAM based on reverse engineering (Fig.
7 c1-c2). Ti mesh scaffolding iliac crest bone graft was stabi-
lized to achieve the optimum treatment plan goals. At seven
months follow-up visit, the patient was satisfied with the sur-
gical outcomes (Fig. 7.d and e). Furthermore, a follow-up CT
scan showed no bone resorption and no changes in the mesh
position with good augmentation and harmony with the other
side (Fig. 7 f1-f2).

Discussion

The main objective of reconstructing unilateral mandibular
contour defects is to restore the proper mandibular contour,
achieving a stable long-term harmonious facial symmetry with
minimal secondary procedures and donor site morbidities.
Various modalities of reconstruction have been attempted,
and each has its drawbacks [8].

Autogenous bone grafts are the golden standard for recon-
structing facial skeletal defects. They have advantages over al-
logeneic implants, such as being immunologically compatible,
structurally sound, free from risk of infection, and usually have
an excellent fusion rate within the recipient site [9].

However, these grafts have unpredictable resorption, in-
creased displacement rate, donor-site morbidity, difficulty in
molding and securing into position, and prolonged surgical
time [10, 11].

On the other hand, alloplastic materials are more readily avail-
able, lack donor-site morbidity, decrease surgical time and
cost, and have relatively good postoperative tissue tolerance.
Therefore, allogeneic implants have become an integral part of
facial aesthetic surgery. Common alloplastic implant materials
include silicone, Gore-Tex (expanded polytetrafluorethylene),
and MedPor (polyethylene). However, these materials pose
certain complications based on their surface contour (smooth
vs. porous), flexibility, and reactivity with the surrounding tis-
sue. Smooth-surfaced implants (silicone) lack fibrous tissue in-
growth compared to porous implants (MedPor and Gore-Tex)
[11-13]. The ingrowth of surrounding tissues helps stabilize
the implant, and experimental data suggest that the pres-

ence of host defenses within the implant can decrease the
risk of infection [13]. Thus, silicone implants are easily carved
and removed, but their smooth surface predisposes them to
migration and extrusion that jeopardize the aesthetic results
[11, 13]. The natural body response to silicone implants is a
chronic inflammatory process (peri-implantitis) leading to
thick fibrous encapsulation, which increases the risk of late-
onset infection compared to porous implants [12-15]. On the
other hand, Gore-Tex and MedPor are more stable, lack cap-
sule formation, have good biocompatibility, and have a lower
risk of exposure [14-16]. While solid alloplastic implants can
reconstruct small to medium-sized defects, they seem to fail
in reconstructing significant defects [17]. The medium-sized
pore Gore-Tex (10-30um) and the hydrophobic nature make
them less biocompatible with higher infection risk as the entry
of macrophages will be reduced compared to MedPor (100-
300um) [18]. Bone resorption under solid implants has been
reported to be more associated with silicone implants than
Gore-Tex or MedPor. Gore-Tex implants are expensive and can
harden when they contact blood, making them more palpable
within subcutaneous tissue, as illustrated in Yang et al. study
[19]. In our previous study, a computer-assisted individualized
MedPor implant was reported to reconstruct mandibular con-
tour defects with success [20]. However, MedPor showed no
direct osseointegration and limited augmentation area size (<
8 cm) and was radiolucent on x-ray films and conventional CT
scans making postoperative evaluation difficult [21].

These drawbacks primarily result from using biologically inac-
tive and alloplastic materials to camouflage the skeletal de-
fects rather than biologically active tissues regenerating the
deficient skeleton. Therefore, a novel strategy is needed to
provide potent pro-osteogenic signals within a scaffold of ap-
propriate osteogenicity and structural quality material to min-
imize unsatisfactory results that lead to patients' morbidities
like frequent medical consultations, multiple surgeries, and
poor quality of life [1].

As a trial to approach this novel strategy, we combined titani-
um and iliac bone grafts to gain their advantages, restoring the
native mandibular harmonious symmetry. Dale used titanium
mesh to correct mandibular asymmetry in conjunction with
orthognathic surgery and achieved sound therapeutic effects
[22]. Each patient's mandibular bone topography is different
from others; therefore, we used the reverse engineering con-
cept and CAD/CAM techniques to design and fabricate the Ti
mesh based on mirroring the normal side of the mandible.
Furthermore, the well-adapted patient-specific Ti mesh has
reduced graft resorption and enhanced the bone graft integra-
tion by preventing its displacement and keeping it in intimate
contact with the recipient bed throughout the healing period
[23, 24]. While most studies have focused on using Ti mesh to
reconstruct mandibular discontinuity defects with iliac crest
bone graft [25-29], the current study results demonstrate that
the combination of Ti mesh with iliac crest bone graft has suc-
cessfully restored the mandibular symmetry and harmony of
clinically challenging cases of mandibular contour defects with
no postoperative complications but pain, swelling, and little
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gait disturbance due to harvesting bone from the iliac crest,
which improved within a short period. Analysis of postopera-
tive CT scans showed no significant differences in mandibular
ramus and body linear and angular measurements (P >0.05)
between the reconstructed and normal sides. Furthermore,
this technique can improve reconstruction outcomes and re-
duce the number of revisions, thus, reducing the psychological
stress and pain of patients and reducing the surgical time and
medical cost.

Although the present findings support this technique’s effec-
tiveness, we know that this technique is not without limita-
tions. One limitation is the unsatisfactory midline adjustment,
which necessitates simultaneous genioplasty to correct the
chin midline point. Also, the problem of soft tissue fullness
cannot be entirely solved by this technique. However, as the
soft tissue is a drape for the underlying hardware, if the defi-
cient bone is adequately augmented as in the current process,
the soft tissue will follow its new position and take the estab-
lished contour.

We recommend further studies with larger sample sizes and
extended follow-up periods to enhance the generalizability of
the current results and to study the long-term effect of com-
bining other surgical procedures with this technique to over-
come these limitations.

Conclusion

Using patient-specific Ti mesh scaffolding iliac crest bone graft
is a successful combination that provides optimal clinical out-
comes for reconstructing unilateral large-sized mandibular
contour defects.
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