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RECONSTRUCTION - A SINGLE-CENTER STUDY
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ABSTRACT

Complex midfacial reconstructions have greatly improved in quality with the introduction of
computer aided/guided surgeries, 3D printing and Patient-specific implants (PSI). Our study reports
a 10-year follow up of midfacial reconstruction patients receiving different PSI for reconstruction.

Methodology: During the period between 2011-2020 patients with midfacial defects requiring
reconstruction with PSI were pooled together and the data analysed. The CTs, intraoperative notes
and postoperative follow up notes were gathered. All surgeries were planned in a similar manner
with the differences being in the material used and extents of defects; titanium PSIs for defects with
alveolar segment involvement and Poly-ether-ether-ketone (PEEK) onlay for defects with zygo-
matic involvement causing cheek prominence deficiencies.

Results: Although intraoperative positioning was accurate when compared to the virtual plan-
ning in all our patients, several of them suffered soft tissue dehiscence specially those receiving
Titanium PSIs.

Conclusions: From our experience PEEK seems to be more versatile and suitable for maxillo-
facial reconstructions but will need further modifications in methods of printing and reinforcement.
Further research with larger sample sizes and different fabrication methods are needed to assess the
techniques further.
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INTRODUCTION unacceptable aesthetics 1. Management of such

) ) o defects aimed primarily to restore the function
Midfacial bony defects’ reconstruction is an area . . . ) .
while achieving the best facial aesthetics possible.

of vast debate and extensive research. The sequelae These defects are caused by oncologic resection
of these defects include maxillomandibular  or traumatic bone loss and can either be treated

dysfunction, impaired facial symmetry and early or late. Midfacial defects in particular are of
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peculiar anatomy; difficult surgical access to the
extensions and close proximity to vital structures
make it challenging.

The treatment options for these complex defects
dependes on bone grafting - autogenous or alloplas-
tic grafts ?I. These have numerous complications
including graft failure, infection, dehiscence, do-
nor site infection & scarring, increased morbidity
and poor facial esthetics ). With the introduction
of CAD/CAM (computer aided design/ computer
aided manufacturing) technologies their use alone
or in association with intraoperative navigational
tools have been advantageous . Although navi-
gation tools are very pricey and not accessible to
many surgical facilities, CAD/CAM technologies
have evolved and become affordable to hospitals
to research centres to invest in ¢!, These technolo-
gies reduce intraoperative time, surgical morbidity,
and greatly improve facial esthetics ). Their ap-
plication includes fabrication of customized intra-
operative templates, printed physical models (by
mirroring the non-defective side) for mesh / plate
adaptation and fabrication of patient specific im-
plants (PSI). PSIs have been used in orthopaedic re-
constructions " and craniofacial applications -,
The use of PSIs reduces operative time, improves
surgical outcome and guarantees better postop-
erative facial symmetry ", Several materials have
been reported for the use in midfacial reconstruc-
tion; including Polyether ether ketone (PEEK) and
titanium. These showed 3D printing / milling ca-
pability for the fabrication of PSIs. PEEK has the
advantage of its biocompatibility and allows addi-
tion of reinforcing materials; glass and carbon fi-
bers >4 Tt was specifically used in complex three
dimensional cranial defects following craniectomy
[15-181 Patient-specific PEEK implants were used to
reconstruct cases with residual maxillofacial defects
and showed no complications within the 2-3 year
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follow-up "*#!. The main advantage of PEEK was
the low cost and easy milling/printing possibilities.

Moreover, titanium alloys have shown biocom-
patibility and promising results in several craniofa-
cial applications ***"!, Recently patient-specific im-
plants were widely applied in craniofacial regions
including eminence prosthesis **' and mandibular
reconstruction devices ?>?%, The use of patient spe-
cific implants for midfacial defects was reported in
combination with a vascularized flap **, other than
that it has not been largely found in literature. This
article aims to report the use computer aided/guided
surgical techniques in midfacial reconstruction pro-
cedures in a single center across a 10-year period.

MATERIAL AND METHODS

The study was designed to retrospectively assess
the use of computer guided surgery / computer aid-
ed manufacturing technologies for midfacial recon-
struction procedures during the period from 2011-
2020. The cases included orbito-zygomatic defects,
maxillary and midfacial defects requiring immediate
or delayed reconstruction. The ethical committee of
the Faculty of Dentistry Cairo University approved
the study and all the patients consented to participa-
tion after presenting to the outpatient clinic at the
OMES unit. Faculty of Dentistry Cairo University.

All patients included in this study followed a
similar preoperative assessment protocol of history
taking, clinical examination, primary alginate im-
pressions and CT scans. A numerical rating score
[NRS] (0-10) was recorded for the patients to assess
satisfaction with facial esthetics/symmetry. Preoper-
ative DICOM files were imported into Materialise”
software for analysis and presurgical planning.

A) Treatment planning

Surgical planning was performed on the
Materialise software. The maxillary / midfacial

bones were separated from the rest of the virtual
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skull model (thresholding). The defective side is
reconstructed by applying the mirror-image tool of
the normal side onto the defect then a subtraction
process was used to end up with just the necessary
reconstruction/onlay part. Polyplanes were used to
separate the designed reconstruction part from the
adjacent bones and enable its fabrication. (fig 1)

Seven of our cases had orbitozygomatic trau-
matic defects causing facial asymmetry and were
prepared to receive onlay PEEK implants. The 3
larger oncologic defects encompassing the maxilla
were to receive 3D titanium PSIs with implant studs

for future prosthetic rehabilitation.

(179)

B) PSI design and fabrication

i) PEEK implant fabrication

The onlay PEEK implants were designed by
injection molding technique. Heated PEEK pellets
(Bredent) * were injected into the moulds of the
designed reconstruction onlays using Thermopress
machine ** and left to harden. The final implant was
deflasked and finished. Intraoperatively, maxillary
vestibular transconjunctival approaches were used
to expose the defects and place the implants which
were fixed in place using 2-4 titanium miniscrews

of 2.0 mm diameter (Figure 2).

Fig. (1): Stages of preoperative

planning and  mirror-
imaging of the normal side

onto the defect

Fig. (2): Steps of design of PEEK onlay and its fixation intraoperatively.
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ii) Patient-specific titanium midface implants

The midfacial post-oncologic defect cases were
arranged to receive a titanium PSI made from a
medical grade titanium material. The design of
the PSI followed a similar procedure; importing
of the CT scans into the software, a segmentation
process to isolate the midfacial region, fabrication
of an osteotomy guide and mirror-imaging of the
normal side onto the defective side. An additional
step of adding threaded implant like studs to
the PSI and abutment like extensions for future
prosthetic rehabilitation were added. Moreover the
whole PSI was hollowed to reduce overall weight.
The design included fixation studs on the palatal
and zygomatic extensions to fix the PSI in place.
Intraoperatively, an intraoral and an orbital approach
were used to set the PSI in place.

The PSI was fabricated by an Electron Beam
melting technology using Ti-6AIl-4V ELI Titanium
alloy Powder (Titanium 90 %, aluminum 6% and va-
nadium 4%) of particles size 45-100 ym. (Figure 3).

Post-operative followup

All cases included in the study were covered by
the native oral mucosa- primary intention healing
with 3-0 vicryl resorbable suture material- except
for a single delayed midfacial reconstruction case
(patient # 2) that received a radial forearm flap due to
insufficient native soft tissue. Routine postoperative
care was prescribed (antiobiotics, analgesics and
oral hygiene instructions).

Postoperative CTs were ordered with the same
specifications as the preoperative one and both
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superimposed to assess the facial symmetry. NRS
scores were recorded after 6 weeks when complete
healing was achieved.

These results were saved for further assessment.

RESULTS

Ten patients were included in this study; 7
with unilateral delayed post traumatic zygomatic
defects and 3 with post-resection midfacial defects.
Their ages ranged from15-60 years with a mean
of 33.4 years old. Time lapsed from trauma/post-
oncologic defect to reconstruction ranged from
6-15 months with a mean of 11.29 months. Table 1
shows the defects, reconstruction plans and surgical
approaches used.

All cases were operated on using intraoral
incisions only except patient 2 where an already
existing orbital scar was used to access the orbital
wall along with the intraoral approach. An adequate
number of screws could be placed to secure the
implants to the native bone (2-4 screws) in all of the
cases and stability was confirmed. Moreover, soft
tissue was always adequate for proper lry closure
over the implants; figure 4 shows one of our cases
with the pre and postoperative CT cuts and clinical
photos denoting the improvement of zygomatic
prominence.

The titanium PSIs used were also fixed in place pal-
atally and zygomatically using 3-5 miniscrews accord-
ing to the size of the device. One patient had compli-
cations requiring plastic surgery to cover the exposed
PEEK part with a rotation skin flap. On the other hand,

Fig. (3): Steps of fabrication of titanium PSI for one of our cases with the implant studs designed as shown to allow for future

prosthetic rehabilitation.
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the titanium reconstruction cases showed mucosal anteroposterior deviation mean of 7.59 mm and an
dehiscence which was managed conservatively, and  accuracy of 92.4 % while the mediolateral deviation
prosthetic rehabilitation accomplished. had a mean of 4.87 mm and an accuracy of 95.1%.

Superimposition of postoperative CT images This was assessed by comparing the postoperative

onto the planned preoperative ones showed CTs by superimposition of the images.

TABLE (1): Patient surgical data; defects requiring reconstruction, types of reconstruction and approaches

to be used
Patient  Site of defect Reconstruction plan Surgical approach
1 Isolated zygomatic defect PEEK onlay through intraoral approach
2 Orbitozygomatic defect PEEK onlay Intraoral approa.ch- and - orbital
access through existing scar
3 Isolated zygomatic defect PEEK onlay intraoral approach
4 Post-oncologic resection of Lt maxilla Titanium PSI with implant studs intraoral approach
5 Unicystic ameloblastoma of Rt maxilla ~ Titanium PSI intraoral approach
6 Isolated zygomatic defect PEEK onlay intraoral approach
7 Isolated zygomatic defect PEEK onlay intraoral approach
8 Orbitozygomatic defect PEEK onlay intraoral approach
9 Isolated zygomatic defect PEEK onlay intraoral approach
10 Gorlin’s tumour — Rt maxilla Titanium PSI with implant studs intraoral approach

Fig. (4) : Showing one of the PEEK unlay implant patients with the clinical photos showing the improved zygomatic prominence
clinically and on the CT (below: postoperative)

Fig. (5) : Shows the preoperative CT and postoperative clinical photos and CT of one of a patient treated with a Titanium PSI



(182) E.DJ. Vol. 68, No. 1

The NRS showed a significant difference in all
cases with all 10 patients noting a satisfaction at the
postoperative appearance. Throughout the followup
period the patients attended mainly for touchups of
their prosthetic appliances only.

DISCUSSION

Midfacial surgical reconstruction procedures
usually include complex grafting procedures . Free
flaps, pedicled faps and vascular flaps have all been
reported for such cases with varying degrees of suc-
cess. All these procedures carry an added cost of
hospital stay, higher mortality/morbidity rates and
higher costs !, With the rapidly evolving computer
assisted designing, printing and surgery; their appli-
cation in the field of maxillofacial reconstruction has
also greatly developed. Many research groups have
used several techniques to plan, design and perform
surgeries using virtual models, cutting guides, po-
sitioning guides and so on. These reports have all
concluded the superiority of the CAS groups in
terms of accuracy and intraoperative time ',

In our study the defects we planned and
reconstructed were all in the midface region whether
posttraumatic/ post oncologic resection. The defects
as reported earlier were either treated by patient-
specific onlay PEEK implants or patient-specific
titanium implants respectively. Titanium and PEEK
are the only materials reported to be customized and
used for midfacial reconstruction so far. Considered
a promising material in complex maxillofacial
reconstruction specifically in a study assessing its
use in a series of orbitomaxillary and orbitocranial
defects. Our study the use of PEEK for the onlay
cases was due to the fabrication technique since the
PSI were injection moulded or milled out of PEEK
blocks. Its mechanical and chemical properties and
comparably low cost supported its use as an onlay
in the midface but would not justify its use in load-
bearing regions as the maxillary alveolar process .
It could be customized easily with good mechanical
and chemical properties. On the other hand, in our
cases with extensive maxillary-midfacial defects
extending to the maxillary alveolar bone; titanium
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PSIs were chosen as these would be fabricated using
Electron beam melting technology to accommodate
the complex 3D structure of the maxilla and allow
for internal hollowing to mimic the sinus and
reduce overall weight of the implants whilst being
of sdequate biomechanical strength to withstand
masticatory forces.

The PEEK used in the present study was
reinforced with ceramic fillers to allow postoperative
radiographic assessment of the PSI. they were
fabricated using injection molding or milling
depending on the availability of suitable milling
machine and/or the PEEK blocks in addition to the
size of the implant. The implants fabricated using
injection moulding required slight intraoperative
modficiation to allow accurate placement. The
titanium PSIs moreover were fabricated using
Electron Beam melting technique and required no
intraoperative modification.

The postoperative CTs of the ten cases in this
study proved proper placement and fixation of the
implants. The titanium implants showed soft tissue
dehiscence postoperatively that was treated later on
according to the case. The PEEK onlays showed
dehiscence in only one of the cases and a rotation
flap was used to cover the implants.

This study reported the long term follow-up
of Computer guided reconstructions of complex
midfacial defects. The different reconstructing
techniques depend on the size, complexity and
location of the needed reconstruction implant. From
our experience although the titanium PSIs were more
versatile to fabricate and could easily be used in
load-bearing areas; PEEK showed better soft tissue
response and has better future perspectives with
some additives and 3D fabrication technologies.

CONCLUSIONS

Reports on long term followups of novel
reconstruction techniques are highly needed to
assess the longevity of such reconstruction devices.
The use of titanium is now becoming less appealing
to surgeons due to multiple issues including soft
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tissue response, device cost and complexity as
was noted in this study. Moreover PEEK seems to
be the material of the future with the evolution of
methods to print and modify it for better physical
and biomechanical properties.
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