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ABSTRACT

Background: Reconstruction of mandibular defects with autogenous free bone graft is considered
the preferred method. However, the optimum reconstruction technique of mandibular defects is
still controversial.
Objectives: To assess the efficacy and safety of the zirconia individual designed CAD/CAM
prosthesis for the mandibular reconstruction.
Materials and methods: We used a new method (zirconia prosthesis) for the reconstruction of
mandibular defects due to various causes. The study was carried out in the Oral and Maxillofacial
Department of Al-Ramadi Teaching Hospital during a period of 62 months from January 2012
to March 2017. Data were collected for each patient regarding the age, gender, site and cause of
the defect, investigations, operative technique, complications, outcome, and the duration of the
follow-up.
Results: Twenty patients, 14 were men and 6 women; the patients’ ages ranged from 19 to
70 years. The majority of the defects were caused by tumors, while, 40% due to congenital or
traumatic causes. The success rate of the prosthesis taking was 95%. And in these cases, esthetic
and functional outcomes were restored or improved after the reconstruction in all subjects.
Conclusion: We described a novel method for mandibular reconstruction with zirconium
individual-designed CAD/CAM model. We advise to use this method owing to the high success
rate, the less major rate of complications in comparison with other methods, and high rate of
functional and esthetic outcome.

Keywords: Mandible, Reconstruction, Graft, Zirconia, CAD/CAM system, Bowerman Con-
royd appliance.
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INTRODUCTION

M
axillofacial defects are caused by numerous
causes that may be congenital, traumatic, neo-
plastic or iatrogenic such as tumor ablation
[1, 2]. Mandibular continuity defects causes

both esthetic and functional abnormalities. There is limita-
tion in protrusive and lateral movement of the jaw and mid-
line asymmetry. Moreover, malocclusion and proprioception
problems may occur [3, 4]. The goals for a successful recon-
struction of the mandible are to establish the continuity and
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restore the height, width and form of dental arch and improve
the facial contour and profile [5]. Historically, autogenous
bone graft was the gold standard technique for the recon-
struction of the mandibular defects [6]. The non-vascularized
autogenous bone may be harvested from local and distant
sites and their success rate were well-established [7]. The
use of non-vasularized bone grafts is compromised in certain
conditions which include the following: (1) difficult mandibu-
lar reconstructions where there is an extensive bony defect
and soft tissue coverage is insufficient, (2) where the recipient
graft bed has been compromised by radiotherapy, previous
surgery or chronic infection. In the last 30 years, however,
reconstruction of the mandibular defects by the vascularized
bone grafts has become popular. The fibular osteocutaneous
free flap becomes the gold standard donor site for mandibu-
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lar reconstruction. Several studies reported flap survival rate
greater than 95% with skin paddle viability over 90% of cases
[8, 9]. The importance of CAD/CAM in surgery is well estab-
lished to overcome the disadvantages and limitations of con-
ventional methods by creating precise 3-dimensional image of
bony defects and reduce the errors associated with traditional
procedures.

Numerous alloplastic grafts and devices were used in recon-
struction of mandible such as medpore, reconstruction plate
and modular Endo-prosthesis with variable and unpredictable
results [10, 11]. Zirconia is one of the biocompatible graft ma-
terials and has many applications in oral surgery such as zir-
conia implant [12]. The results from zirconium proved signifi-
cantly superior to those obtained from the use of non-vascular
options such as reconstruction plates and bone grafts [13].

The aim of this study was to assess the efficacy and safety of
new modality for mandibular reconstruction which is zirconia
individual designed CAD/CAM prosthesis.

MATERIALS AND METHODS

The study carried out between January 2012 and March
2017, we introduced zirconia individual-designed CAD/CAM
Prosthesis for reconstruction of a mandibular defect due to
various causes. Patients with benign aggressive mandibu-
lar tumors such as ameloblastoma, odontogenic myxoma and
pindborg tumor, traumatic defects or congenital deformity
such as microgenia or condylar hypoplasia who visiting the
consultation clinic of the Department of Oral and Maxillo-
facial Surgery in Al-Ramadi Teaching Hospital, Anbar, Iraq,
which require surgical resection and/or reconstruction of the
mandible, were enrolled in the study. While, patients with
malignant tumors of mandible such as squamous cell carci-
noma, previous or anticipated radiotherapy were excluded
from the present study. Informed consent was taken from
every subject. The current study approved by the College of
Dentistry, University of Anbar.

For each case, we registered the following: age of the pa-
tient, gender, cause of the defect, preoperative deformity like
in Figure 1 A and B, pre-and post-operative radiological find-
ings as in Figure 1 C and D, results of biopsy in case of tumor,
site of the mandibular defect, range of mandibular resection,
operative timing of resection and/or reconstruction, outcome
concerning the success rate, functional and aesthetic outcome,
complications, and follow-up period. For the purpose of the
study, facial contour regarded: good (facial contour and pro-
file accepted by surgeon and patient), adequate (facial contour
and profile accepted by patient only), and Poor (facial con-
tour and profile are unsatisfactory from both the patient and
surgeon).

For those patients with tumors, the surgery was divided
into two stages. The first stage, the tumor was excised by re-
secting the segment of mandible according to the preplanned
radiograph. Twelve patients underwent resection of mandibu-
lar ameloblastoma or myxoma with 1 cm safe margin in the
first surgery. Preoperative computed tomography (CT) scans
were acquired, and CT data were imported into CMF soft-
ware which guide the resection margins at operation. Patients
were replaced with temporary Bowerman Conroyd appliance
as space maintainer Figure 2.

Virtual planning and fabrication of model

Before the second surgery, the patients were sent for CT
scan and the data were analyzed virtually using software

Figure 1. Ameloblastoma of the mandible. (A) Extra-oral
and (B) Intraoral photograph of patient with amloblastoma of
the right mandible, (C) and (D) Showed right sided mandibu-
lar defect on Orthopantomogram (OPG) and Computed to-
mography (CT).

V 3.8.7. The simulation allowed construction of an individual
mandibular model of zirconium material

A cone beam computed tomography CBCT was taken for
the patient with CS 8100 3D (care stream health Inc, France)
using CS 3D imaging software V 3.8.7, field of view was
8×9 cm2, KVP 90, mA5.0 exposure time 7 seconds and slice
thickness 100m to get a 3D image in DICOM format. The
DICOM then converted in to 3 D model using 3D in Vesalius
software Ink 3.1.1 (Brazil) which is an open source medical
program for 3D reconstruction as it uses a sequence of 2D di-
com image acquire with CT scanner allowing exporting them
in to 3D volume or surfaces as a mesh in STL format to create
a physical model for patient .

Then we use a designing software Dental CAD DB Val-
letta 2.2 developed by (exocod GmbH Germany), it designs
a reconstructive maxillofacial prosthesis depend upon a 3D
model for patient anatomy with its defect. After prosthesis
designing completion, it send to milling machine CAD-CAM
Amanngirrbach (Germany), then prosthesis milled with zirco-
nia block and placed in a special furnace at 1450c for two hour
for sintering and hardening, then the prosthesis was packed
for Autoclave sterilization to be ready at the time of sur-
gical operation The holes are designed and constructed in
the model to accommodate screws for fixation and placement
of titanium implants in future. In the second reconstructive
surgery, the space maintainer was removed and the defect was
reconstructed by precisely designed zirconia appliance Figure
3 and 4.

Eight patients have mandibular defects due to previous
trauma or developmental anomalies. These cases were re-
constructed in single surgical procedure after construction of
CT- designed model of zirconia material Figure 5. We also
prepared holes in the prosthesis preoperatively to accommo-
date future dental implants. All the patients accept the cost
(350 USD) of zirconium material.

The data were analyzed using Microsoft Excel 2010 and the
results were presented in tables.
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Figure 2. Resection of tumor and replacement with Bowerman Conroyd appliance.

Figure 3. (A) Zirconia prosthesis. (B) Reconstruction of
mandibular defect by zirconia prosthesis.

Figure 4. Photograph of one patient and OPG 1-year follow-
ing surgery.

RESULTS

In the period between January 2012 and March 2017, 20
consecutive patients fit the inclusion criteria were included in

Figure 5. (A) Chin augmentation by zirconia prosthesis.
(B) Augmentation of lower border of mandible with zirconia
individual designed CAD/CAM prosthesis.

this study. The ratio of male to female in this study was 2.3
(14 male and 6 female). The aged ranged from 19-70 years
with a mean age (39.45years ± 3.7 SD).

The most common pathology in our study was
ameloblstoma 10(50%), while, the least one myxoma
2(10%) Table 1. The most common site involved by all
pathological types was mandibular body 12(60%), and the
least condyle 3(15%) Table 1. The overall success rate of
the reconstruction of the mandibular defects for all cases
was 95%. Only one case of the 20 cases was failed due
to infection with formation of fistula which necessitates
removal of appliance Table 2. Also, the mandibular functions
(mandibular occlusion, swallowing and etc..) were unaffected
in remaining 19(95%) cases following the reconstruction.

The reconstructed mandible vertical height and facial con-
tour and profile were improved, 25% of patients were good,
and 70% adequate Table 3. No adverse reaction or rejection
was observed to zirconia model. Some minor complications
were encountered such as swelling and pain Table 4. The sur-
gical time spent was 1 hour in the first surgery and 1 hour
in the reconstructive surgery. The material remains intact
successfully without any complications at the follow-up pe-
riod 2.5−3 years. Out of 12 patients with mandibular body
defects Table 1, only 7 patients they needed dental implants.
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Table 1. Distribution of mandibular pathology/deformity
according to its site.

Cause Chin
number

Condyle
number

Mandibular
body number

Total
number

Tumors
Ameloblstoma 2(10%) 1(5%) 7(35%) 10(50%)
Myxoma 1(5%) 0 1(5%) 2(10%)
Congenital 1(5%) 1(5%) 2(10%) 4(20%)
Traumatic 1(5%) 1(5%) 2(10%) 4(20%)
Total 5(25%) 3(15%) 12(60%) 20(100%)

Table 2. The clinical outcome of reconstruction of mandible
by zirconia prosthesis with a follow-up period 2.5−3years.

Cause Successful graft
number

Failed graft
number

Total
number

Tumors
Ameloblstoma 9(45%) 1(5%) 10(50%)
Myxoma 2(10%) 0 2(10%)
Congenital 4(20%) 0 4(20%)
Traumatic 4(20%) 0 4(20%)
Total 19(95%) 1(5%) 20(100%)

Table 3. Changes of facial contour postoperatively.

Facial contour Number Percentage

Good 5 25%
Adequate 14 70%
Poor 1 5%
Total 20 100%

Table 4. Postoperative complications of the mandibular re-
construction.

Complications Number of patients Percentage

Pain 20 100%
Edema 12 60%
Infection 1 5%
Dehiscence 1 5%
Prosthesis exposure
or fracture

0 0%

Facial or midline a
symmetry

2 10%

Trismus 2 10%

Unfortunately, they postponed the implants to an unknown
time.

DISCUSSION

The mandible is an important part of facial skeleton which
is required for facial esthetics, speech, mastication and res-
piration [14]. Mandibular defects may result from different
causes such as congenital defect, inflammation, trauma and
tumor. Reconstruction of the mandible is a challenging proce-
dure, and various procedures are present, but these techniques
have their associated pros and cons [15, 16]. Treatment de-
pends on the surgeons training, patient preferences and avail-
able resources. These techniques include reconstruction plate

with or without pedicled myocutaneous flaps, alloplastic ma-
terials, free bone grafts, pedicled osteomyocutaneous flaps,
and various free vascularized bone flaps [17]. However, au-
togenous free bone grafts have limitations and disadvantages
including complications of the donor site, insufficient volume
of bone, and undergoing resorption during the healing pe-
riod [18]. While other types of bone grafts (allogeneic and
xenogeneic bones) have the disadvantages of transmission of
infection and possible immune reaction [18, 19].

Among the advantages of this technique were its simplicity
and accuracy in comparison with vascularized bone recon-
struction which requires complex procedure and teamwork.
Reconstruction of the mandible using vascularized bone such
as fibula is associated with donor site morbidity, and is often
complicated by the advanced age of patient and coexisting
conditions [20]. Alloplastic reconstruction using mandibular
reconstruction plates may be followed by exposure or fracture
of the plate, whereas not to reconstruct the defect results in
poor functional and esthetic outcome. Confirmation of nega-
tive recurrence of tumor is important before reconstruction.

In this study there was superior functional and esthetic
improvement for feeding, mouth competence and speech,
minor complications, and mandibular symmetry in recon-
struction of mandible defects. By this technique, the suc-
cess rate of mandibular reconstruction with individual de-
signed CAD/CAM zirconia model was 95%. Although there
were previous attempts to use alloplastic materials in de-
lay reconstruction of mandible like MedPor (high density
porous polyethylene), Methylmetacrylate and silicone, these
attempts were unsatisfactory and give unpredictable results
[21, 22].

The facial contour was restored by zirconia model in the
reconstructed patients. The contour and shape of mandible
was restored well in cases who maintain the continuity of the
mandible compared to those patients with a continuity defect.
Ninety five percent of our subjects were satisfied about their
facial contour. The failed case presented with orocutaneous
fistula after reconstruction with zirconia model and the infec-
tion is not resolved with antibiotics and local measures. These
results in agreement with the results obtained by many au-
thors [15, 23]. The prior study by Hidalgo et al [23] reported
on the esthetic outcome, in 75% of patients excellent to good,
15% fair and 10% poor.

Mandibular fixation devices such as reconstruction plate
and Bowerman Conroyd appliance is very important in the
first surgery. The mandibular fixation device was free and
reusable. It can maintain the width of the mandible well,
avoid mandibular ramus and condylar from slightly rotating
or reversing in different directions, particularly in wide com-
plex mandibular defects that lack a stable occlusion reference
after tumor resection. Mandibular fixation devices can be
bending into shape and contour of remaining mandible across
the defect bypass the operative field, which will not affect the
operation of the surgeon; the fixture design is reusable, which
can be mass produced, making it cheap and easy to promote
[24].

Why we choose zirconia? zirconia is one of the alloplas-
tic bone grafts that shows excellent biocompatibility. Yttria-
stabilized tetragonal zirconia polycrystals (Y-TZP) has excel-
lent mechanical properties such as tensile and yield strength
due to the fine grain size [25]. Y-TZP is a non-absorbable
material and can be an excellent alloplastic graft material
in facial skeleton. When compared to other alloplastic graft
materials, zirconia expected to be a better block graft mate-
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rial because it is easier to be manufactured, appropriate me-
chanical strength with porous structure, and any errors can
be regulated during the processing [26]. No local (cellular)
or systemic adverse reactions to the material were reported.
Another important issue concerning the zirconia: we can re-
place the missed teeth in patients who need replacement by
inserting zirconia dental implants in preoperatively prepared
holes. Unfortunately, those (7) patient who needed dental
replacement refused the dental implants at the time being.

The production of a block zirconia model that accu-
rately fits a mandibular defect is possible by capturing and
transforming the geometry of the defect to precise three-
dimensional (3D) images using digital imaging systems, such
as CAD/CAM system.

The CAD modeling software process the data and converts
the actual bony defect into virtual model then the CAM tech-
nology transforms the data set into the desired model [27].
Recently, virtual surgical planning and computer-aided design
(CAD)/computer-aided modeling (CAM) are attractive and
well known methods in mandibular reconstruction and give
opportunities for increased accuracy, improved efficiency, and
enhanced outcomes [28].

CAD can be used to line osteotomy sites and measure the
dimension of bone segments by simulating the operative pro-
cess. Also before reconstruction, CAD can be used to provide

guidance for fabrication of accurate model for patient anatom-
ical defect. Through model surgical techniques, CAD/CAM
models, preoperative measured osteotomy guides, bite guides,
pre-bent plates, and other models have greatly improved the
accuracy of mandibular reconstruction surgeries [29].

The limitation of this study was the exclusion of malignant
tumors of mandible and patients with radiotherapy. Minimal
complications were reported after grafting of zirconia pros-
thesis such as mild pain, swelling. All of the patients (except
one) in this study did not report major complication such as
hematoma, infection and fracture of prosthesis.

CONCLUSION

We described a novel method for mandibular reconstruc-
tion with zirconium individual-designed CAD/CAM model.
It combines zirconia block with CAD/CAM techniques and
appropriate fixation which lead to improve the clinical out-
comes (facial esthetic and mandibular functions). We advise
to use this method for a large number of patients with differ-
ent causes of mandibular defects in the future studies.
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