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ABSTRACT

Received:

Cones beam conventional tomography (CBCT), virtual studies and 3D printing are of
great importance in the field of oral and maxillofacial surgery as well in the restoration
of defects resulting from various injuries. The combination of the three previous aspects
led to production of custom implants for the reconstruction of craniofacial defects.
These implants gave positive results in the maxillofacial surgery in terms of reducing
the surgical time, the precise adaptation to the region of implantation and better
cosmetics. In addition to the variety of biocompatible materials that could be used in the
manufacture of these implants, each material possesses distinct properties that justify its
use in restoring craniofacial defects.
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Introduction
Head injuries pose a significant challenge to physicians
due to their being of high risk for patients. One type of them is
maxillofacial injuries that cause both functional and esthetic
consequences that are considered difficult to manage [1]. The
process of reconstructing orbital walls is a challenging procedure
due to the complexity of the anatomical area and its great esthetic
importance [2]. Zygomatic bone is one of the bones contributing to
the formation of the orbital walls [3]. It is significantly vulnerable
to fracture, and it can be considered the second most common facial
bones fracture after fractures of the nasal bones [4]. Diagnosis of
zygomaticomaxillary complex fractures is based on clinical and
radiographic examination. CT scan is the best radiographic method
in diagnosing such fractures especially in the assessment of orbital
floor and walls [4,5].

Different types of grafting materials are used to reconstruct
maxillofacial defects; they are divided into four main categories: autografts, allografts, xenografts and alloplastic (synthetic) grafts [6].
Autologous bone grafts remain the gold standard for reconstruction of bony defects during the management of maxillofacial defects
[7]. However, harvesting bone from the donor site could be opposed
by some limitations and complications like additional surgery and
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operative time, donor site morbidity, the amount of bone needed
to harvest from the donor site, pain in the donor site, bone graft
resorption and difficulty with contouring [7-9].
One of the alloplastic materials that could be used is
polyetheretherketon (PEEK), which is a semicrystalline
polyaromatic polymer that combines durability, stiffness, and
biocompatibility. Due to its beneficial characteristics, PEEK has been
used in different medical applications [10]. Most distinctly, PEEK
has shown an evidence-based success in managing disk diseases of
the cervical vertebrae. In addition, PEEK has been constituted as a
surrogate for autogenous bone grafts in different vertebral problems
[11-13]. Moreover, in order to achieve an accurate restoration of
the defect, the dimensions should be measured with an accurate
method. CBCT images have been used in the literature to provide a
precise measurement of these dimensions [14]. On the other hand,
3D printing has received great attention in the medical field due
to the multiplicity of the domains that can be used for, ease of use,
accuracy of prostheses manufactured with it, and the possibility of
using a large number of biocompatible materials such as polymers,
ceramics, metals, and composites [15]. Case Reports of the use of
PEEK in the repair of maxillofacial defects have been insufficient
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[16]. However, we admit that PEEK coupled with a 3D-printing
process that can produce custom-made implants can represent an
optimal approach in the reconstruction of such challenging defects.

Case Report

A male patient of 18 years old came to the oral and maxillofacial
surgery department in the faculty of dentistry at Damascus
University with an injury in the right side of the face, the patient
was referred from an ophthalmologist, who requested the
reconstruction and restoration of the fractured orbital walls so
that he could place an artificial eyeball. By clinical examination of
the patient, it is evident that the ball of the right eye is lost due to
injury, atelectasis in the right orbit of the walls, and asymmetry
with the left (Figure 1). By reviewing the patient’s medical history
and studying the attached radiographs, the fracture has been
treated previously using a titanium mesh in the right parietal bone.
However, the lateral and inferior walls of the orbit have not been
treated on the right side as well (Figure 2). After studying the
case, it was found out that restoration should be made to restore

Figure 3: A three-dimensional view of the radiograph of
the skull.

for the material loss in the orbital walls and floor, PEEK was
chosen as a replacement material. A CBCT image of the skull was
performed using (Vatech PAX-i3D GREEN ,13, Samsung, Gyeonggido,445-170, Korea) to use in the prosthesis fabrication (Figure 3).
The restoration was designed using the Exocad® (Exocad GmbH,
Germany, 2010) software, in which a visual transfer of the healthy
side was performed and represented on the affected side (Figure 4).
Restoration fabrication was done using a 3D printer based on PEEK
molds (Figure 5).

Figure 4: Representation of the restoration of the affected
side virtually.

Figure 1: Absence of the right eyeball with atelectasis in
the lateral wall of the right orbit.

Figure 5: The restoration after printing and before finishing
and polishing.

Surgical Procedure Steps
Figure 2: fractures in the lateral and lower and floor of the
orbit.
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The patient was prepared for surgery after performing all the
consultations and medical laboratory analysis necessary to undergo
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the surgery under general anesthesia. In the surgical portal, the
coronal approach was performed; the patient’s previous surgical
scar was used (Figure 6). Then, the periosteum was elevated in the
area closest to the work area to expose the area of bone loss (Figure
7). The upper portion of the prosthesis was then fixed with a screw
after splitting the printed restoration into two pieces to facilitate
its access and fixation and to make it easier to handle (Figure 8).
Subtarsal approach to enable the lower part of the prosthesis to
be screwed (Figure 9). Suture of the incisions was done by layers
using Vicryl 3/0 for the suturing of muscles and periosteum, 3/0
Nylon sutures were used for skin closure. A compressive dressing
was applied for 24 hours postoperatively with the necessary
prescription and postoperative instructions were given. Photo at the
follow-up 14 days after surgery, noting the return of the periorbital
contour with a little edema remains (Figure 10), and a photo after
4 months (Figure 11). By reviewing the patient’s medical history
and studying the attached radiographs, a fracture treated using a
titanium mesh in the right parietal bone and a fracture in the lateral
and lower wall of the orbit and the floor of the orbit on the right
side as well (Figure 2). As a result of the case study, it was found out
that restoration should be made to restore for the material loss in
the orbital walls and floor, and PEEK was chosen as a replacement
material.
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Figure 8.

Figure 9.

Figure 6: coronal approach.

Figure 7: A- elevation of periosteum, b- bone loss area.
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Figure 10.
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Figure 11: Comparison between the primary situation and
4 months after.
Figure 13.
A CBCT image of the skull was performed using (Vatech PAXi3D GREEN ,13, Samsung, Gyeonggi-do,445-170, Korea) for use in
the prosthesis fabrication (Figure 3). The restoration was designed
using the Exocad® (Exocad GmbH, Germany, 2010) software,
in which a visual transfer of the healthy side was performed and
represented on the affected side (Figure 4). Restoration fabrication
was done using a 3D printer based on PEEK molds (Figure 5).
Dissection of the flap of the periosteum (Figures 12 & 13). Elevating
the periosteum in the area closest to the work area and exposing
the area of bone loss (Figure 9), and fixation of the upper portion
of the prosthesis with screw (Figure 10). Subtarsal approach to
enable the lower part of the prosthesis to be screwed (Figure 11).
Suture of the incisions were done on layers using Vicryl 3/0 for the
suturing of muscles and periosteum, 3/0 Nylon sutures were used
for skin closure. A compressive dressing was applied for 24 hours
postoperatively with the necessary prescription and postoperative
instructions given Photo at the follow up 14 days after of surgery,
noting the return of the periorbital contour with a little edema
remains (Figure 12), and a photo after 4 months (Figure 13).

Figure 12.
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Discussion
Maxillofacial defects can result from different conditions,
including traumatic injuries and after resection of neoplastic
lesions. The resultant defects are complicated as different types of
tissues are lost which affects both functional and esthetic domains.
For that reason, surgical practitioners have moved to various
autogenous and alloplastic materials to rebuild the defects. All
materials exhibit many drawbacks, as it is accepted that “there
is no optimal restoration material for maxillofacial defects.” To
avoid the complications that may occur when using autografts, the
use of bone substitutes and alloplastic materials has been used
more. the most alloplastic materials used in oral and maxillofacial
reconstruction are iron, titanium, hydroxyapatite, chrome-cobalt,
methyl methacrylate, and other polymers [17]. One of the most
widely used polymers in the medical field is Polyetheretherketon
(PEEK), it is a polyaromatic semi-crystalline thermoplastic polymer
with mechanical properties appropriate for medical applications
like spine surgery, orthopedic surgery, maxillofacial surgery, cardiac
surgery and dental applications, etc. PEEK has high chemical
resistance, radiolucent, mechanical characteristics similar to bone,
sterilizable and can be shaped and contoured by machine, all these
properties made PEEK good alternative for metallic implants [18].
By using this material, we aimed to avoid the patient to
undertake surgery in a second place such as iliac crest as the
donor site and used the newly available techniques to design and
manufacture the protheses by 3D printer with achieving satisfying
results for the patient and the surgical team as well. Moreover, for
the surgical portal in this case we depend on the presence of the
scare resulted from the previous surgery to do our incision without
making a scare in another place. During the surgery we found that
the PEEK material is easy to handle and can be modified by using the
bur with some saline irrigation when it is needed to quarantine the
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good outer shape and the symmetry with the intact side. Recently,
the use of PEEK to reconstruct defects of the maxillofacial facial
region has become widespread, especially with the development of
3D printing and its increased accuracy [19]. The great challenges
facing traditional reconstruction of maxillofacial defects have
imposed a trend towards 3D printing technology, this technology
has provided physicians with the ability to manufacture patient
specific prosthesis to rehabilitate cranio-maxillofacial defects, the
sites where 3D printing restoration techniques are most commonly
used in the cranium are oral, orbital, nasal and auricular regions
[20]. The development of 3D printing has greatly facilitated the
fabrication of the oral and maxillofacial prosthesis in a method of
rapid prototyping [14], 3D printing depends on different types of
radiographs such as CT, MRI, and CBCT, which are high-resolution
imaging methods [14,21].

In recent years, there has been a great development in the
method of imaging using the CBCT, as these imaging devices are
characterized by a low amount of irradiation, a high-resolution
X-ray. For many of the advantages of CBCT imaging, it has been
used extensively in reconstructive maxillofacial defects and virtual
studies of various types of surgeries to plan for them and evaluating
their results, in addition to print the anatomical structures, which
facilitated surgery and reduced possible complications [21]. The
results achieved in this case were very accurate in terms of the
conformity of compensation to the computer-aided design and the
applicability of it and are encouraging to use in similar cases.

Conclusion

In the future, dependence on 3D radiographs, 3D printing and
virtual studies in the repair of maxillofacial defects will increase
due to its great advantages in terms of facilitating surgery, reducing
the time of surgery, the ability to predict the outcome with the
distinctive results that it gives after surgery.
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