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A B S T R A C T

Purpose: To assess the clinical efficacy of custom made PEEK patient-specific implants in treatment of orbital
wall defects.
Methods: Forty-five patients with unilateral post-traumatic orbital wall defects were enrolled in the study. They
underwent subsequent reconstructive procedures using PEEK patient-specific implants (PSI) or pre-bent titanium
plates. All the patients were examined with the standardized algorithm, including local status examination,
vision assessment and computer tomography (CT) with measurements of the orbital volume. A comparative
analysis of the treatment outcomes in two groups of patients (pre-bent plates/PSI) was performed.
Results: The study findings show an absence of any postoperative infection, inflamation or decreased visual
acuity in either group. In PSI group, diplopia after surgery was absent in 82.1% of patients versus 70.6% of
controls. The mean duration of surgery was 54.25 ± 16.8 min with PSI application and 82.9 ± 10.8 min with
pre-bent plates. The mean difference between the intact and damaged orbital volume was 1.9 ± 1.4 cm3 in the
control group versus 0.74 ± 0.6 cm3 in PSI group (р<0.05).
Conclusion: PEEK PSI demonstrated higher clinical efficacy in comparison to pre-bent plates in orbital wall
reconstruction especially in restoring the volume and shape of the damaged orbit.

1. Introduction

Treatment of the orbital wall fractures is still a major challenge in
maxillofacial surgery due to the high frequency and complexity of these
injuries, which is associated with aesthetic and functional disorders.1–3

Traditional techniques commonly used for orbital reconstruction in-
volve the application of standard titanium plates, meshes or polymeric
implants.1,4 When using standard titanium plates, pre- or intraoperative
bending and correction of their contours are needed. The proper in-
stallation and positioning of the implants inside the orbit are still dif-
ficult to accomplish. A lack of distal or medial support caused by the
damage to the orbital ledge and/or intra-orbital buttress is a common
problem associated with improper position of the pre-bent plates.3,5,6

The location of implants and their conformity to the individual
anatomy of the damaged structures in size and shape are crucial for the
integral success rate in orbital reconstruction.1,7,8,9

Recent advances in CAD/CAM technology, which proved to be ef-
fective in management of facial bone defects, have attracted substantial
interest among surgeons involved in orbital reconstruction.1,3,7,8,10 A

number of authors have demonstrated the successful application of
custom made patient-specific implants (PSI) for facial, including orbital
reconstructions.1,3,10–14

Although the significant number of studies addresses the issues of
cranioplasty and frontal bone reconstructions with PEEK implants, only
few reports report the outcomes of the orbital wall reconstructions with
PEEK PSI.15 This suggests the need for evidence-based improvement of
PEEK PSI application in reconstructive surgery of the orbit.

The aim of this study was to assess the clinical efficacy of patient-
specific PEEK implants in patients with post-traumatic orbital defects.

2. Material and methods

The medical records and CT data were collected for all patients
operated for orbital defects at Kyiv Regional Centre for Maxillo-facial
Surgery and Dentistry and at Kyiv Emergency Hospital, Kyiv, Ukraine
during the period from 1/1/2013 to 31/12/2018. For the further ana-
lysis inclusion and exclusion criteria were applied to the sample.

Patients included to the study complied with the following criteria:

https://doi.org/10.1016/j.jobcr.2020.01.006
Received 2 October 2019; Received in revised form 21 January 2020; Accepted 26 January 2020

∗ Corresponding author. Bogomolets National Medical University, Stomatology department, Bilorusska street, 17 b, ap. 64, Kiev, Ukraine.
E-mail addresses: 80667788837@ukr.net (Y. Chepurnyi), cher103@meta.ua (D. Chernogorskyi), kopchak@ua.fm (A. Kopchak),

visionpetrenko@gmail.com (O. Petrenko).

Journal of Oral Biology and Craniofacial Research 10 (2020) 49–53

Available online 29 January 2020
2212-4268/ © 2020 Craniofacial Research Foundation. Published by Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/22124268
https://www.elsevier.com/locate/jobcr
https://doi.org/10.1016/j.jobcr.2020.01.006
https://doi.org/10.1016/j.jobcr.2020.01.006
mailto:80667788837@ukr.net
mailto:cher103@meta.ua
mailto:kopchak@ua.fm
mailto:visionpetrenko@gmail.com
https://doi.org/10.1016/j.jobcr.2020.01.006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jobcr.2020.01.006&domain=pdf


unilateral fracture of the orbital floor and/or medial wall, orbital wall
reconstruction with pre-bent titanium orbital plates or PEEK custom-
made orbital implants, at least partial vision in both eyes before injury,
written informed consent of the patient.

A total of 55 patients who had undergone orbital reconstruction
procedures were selected. Of those, 45 patients (31 males and 14 fe-
males, aged from 17 to 54 years with mean age 35.3 ± 13.9 years) met
inclusion and exclusion criteria and were enrolled in the study. All
patients were divided in two groups according to the type of implants
(PSI/pre-bent) used for orbital wall reconstruction. Group one (main)
included 28 patients (7 females, 21 males), who had undergone orbital
reconstruction procedures with PSI made of PEEK. Seventeen patients
(5 females, 12 male), who had been treated with pre-bent orbital plates
(KLS Martin orbital plate or Titamed BVBA orbital plate), composed
group two (control). Both groups were equal regarding male/female
ratio, mean age and trauma patterns.

Patients of both groups were examined preoperatively, then one
week, one month and three months after surgery with the standardized
algorithm, including the local status examination (enophthalm mea-
suring), the evaluation of vision (visual acuity, diplopia and ocular
mobility). Enophthalm evaluation was made with computer-assisted
measurements and calculating tools by Zhang et al. (2010).16 Ocular
motility and diplopia were assessed using the “follow my finger” test.
All patients underwent computer tomography (CT) (Toshiba Activion
16 and Philips Diamond Select Brilliance CT 64, slice thickness -
0.5 mm) before and after surgery. Virtual orbital models of the da-
maged and intact sides were generated for all cases before and after
surgery. Their volumes were measured in the software and compared
for each individual case.16,17

Evaluation criteria for the clinical success rate were as follows: the
comparison of residual enophthalmos degree in each group (values <
14 mm or a difference of> 2 mm between two eyes were defined as
enophthalmos),18 the accuracy of the orbital volume restoration com-
pared to the volume of the intact orbit, the presence of diplopia, the
duration of the surgical intervention, the occurrence of early and long-
term postoperative complications.

PSI design was carried out in close collaboration between surgeons
and biomedical engineers. Based on preoperative CT data (DICOM files
without compression) biomedical engineers created the design of the
implant and defined its optimal position inside the orbit with the par-
ticipation and under control of surgeons. The implants were made by
milling of radioopaque PEEK blocks (Merz Dental, Germany) on the
machines with numerical control by (Imatek-Esco Ltd., Kyiv, Ukraine).

Titanium plates in control group were prefabricated manually be-
fore or during surgery using standard or individual plastic orbital
models. All implants were sterilized the day before operation by auto-
claving at 132 °C. Surgical procedures were equal in both groups
(Fig. 1).

Statistical analysis of the data included the calculation of mean
values, and standard deviation for each parameter evaluated. Non-
parametrical statistics was employed for analysis of the data. The
Mann–Whitney U test and Pearson's chi-squared test were used to
compare the differences between the parameters in the study groups.
The level of significance was set at p < 0.05. The calculations were
performed in SPSS Statistics software (IBM SPSS, USA).

3. Results

Post-traumatic defects arose from blowout orbital fractures. Clinical
features and injury patterns of the patients are presented in Table 1.
Preoperative examination revealed the presence of diplopia in 23
(82.1%) patients of the main group and in 15 (88.2%) controls. None of
the patients of both groups developed inflammatory complications,
decreased visual acuity or lost visual fields in postoperative period.

The measurements of volumes of 45 orbits on the intact side before
and after surgery (actually, this volume did not change) showed the

minor differences in all cases, which can be considered as measurement
error. On average, they constituted 0.69 ± 0.7 cm3 (U = 987;
Z = −0.206; p = 0.837). The average volume of the orbit on the intact
side was 26.5 ± 2.9 cm3.

In the main group, diplopia was present in eight patients (28.6%)
one month after surgery and in five patients (17.9%) three months after
surgery. Ten patients of the control group had diplopia one month after
surgery (58.8%) and only five (29.4%) - three months after the re-
construction. Motility disorders one month after surgery were totally
absent in 26 cases (85.7%) in the main group versus 13 controls
(76.5%) (χ2 = 2.458, р > 0.05). Three months after surgery, they
were absent in 27 patients (92.8%) of the main group and in 15 controls
(88.3%) (χ2 = 4.898, р > 0.05).

Statistical analysis of the functional disorders showed a higher rate
of diplopia one month after surgery (χ2 = 4.03, р<0.05) in the
control group. However, there were no statistically significant differ-
ences in presence of postsurgical diplopia three months after surgery
(χ2 = 0.82, р > 0.05).

Mean duration of the surgery in the study groups was
54.25 ± 16.8 min with PSI application and 82.9 ± 10.8 min with pre-
bent plates (U = 31.5; Z = −4.84; p < 0,001). Besides, there was a
higher incidence of implant malpositioning in the control group
(χ2 = 0,023, p < 0.05).

In the PSI group, the average volume of the intact orbits was
25.5 ± 2.4 cm3, whereas the average volume of the damaged orbits
before reconstruction significantly increased and constituted
29.4 ± 4.0 cm3. The mean difference between the intact and injured
sides was 3.9 ± 2.8 cm3.

After reconstructive surgery in this series, the average volume of the
damaged orbits reduced to 25.6 ± 2.5 cm3. The mean difference with
intact orbits after the surgical interventions was only
0.74 ± 0.6 cm3 (U = 365; Z = −0.44; p = 0.66).

In the control group, the average volume of the intact orbits was
27.4 ± 3.3 cm3, whereas the average volume of the damaged orbits
before reconstruction significantly increased and constituted
32 ± 2.6 cm3. The mean difference between the intact and injured
sides was 4.6 ± 2.4 cm3.

After reconstructive surgery in this series, the average volume of the
damaged orbits reduced to 29.3 ± 2.7 cm3. The mean difference with
intact orbits after the surgical interventions was 1.9 ± 1.4 (U = 89;
Z = −1.91; p > 0.05).

Comparison of the findings in both groups showed that the mean
orbital intact/damaged volume difference was significantly higher in
the control group (U = 103; Z = −3.16; p < 0.01); controls also
developed residual enophthalmos more frequently (χ2 = 0,023,
p < 0.05).

4. Discussion

Orbital reconstruction is always a surgical challenge because of the
complexity of its anatomy.2 The main goals of orbital reconstruction are
elimination of the orbital wall defects with restoration of the orbital
volume and correction of the globe position.3 This can be achieved by
the use of different implants (titanium, PTFE, silicone, PE etc.). How-
ever, the major problem related to the their use is the complex and
time-consuming adaptation to the shape of the injured orbit.3,4 The
most difficult objective that determines functional recovery and a high
aesthetic outcome of treatment is an accurate reconstruction of the
orbital shape with restoration of its volume. This is especially important
for the lower and medial walls, which form a ledge close to the orbital
apex area and it is the main reason for unsatisfactory treatment re-
sults.3,5,7,8,17,19

Various studies demonstrate similar results regarding the efficacy of
the pre-bent titanium plates in orbital volume restoration. The mean
difference between the intact/damaged orbital volume is within the
range of 1.6–2.4 cm3.16,20 Our study showed the same results:

Y. Chepurnyi, et al. Journal of Oral Biology and Craniofacial Research 10 (2020) 49–53

50



1.9 ± 1.4 cm3 with 29.4% of residual enophthalmos. Whitehouse R.
et al. reported that an increased orbital volume of> 2 cm3 could result
in significant functional and aesthetic sequelae such as diplopia and
enophthalmos.19,21 The majority of studies devoted to pre-bent orbital
plates, including this study, showed the results approaching this value.
At the same time, according to Zieliński R. and co-authors,22 the use of
standard plates was not associated with worse functional outcomes

compared to PSI, but it required time-consuming intraoperative adap-
tation and demonstrated a higher level of bleeding during surgery.

Previous series proved high efficacy of PSI application in orbital
volume and shape restoration as well as in correction of the residual
enophthtalmos. Our study demonstrated similar results with
0.74 ± 0.6 cm3 of mean difference between damaged and intact orbit
after surgery. Besides, the incidence of residual enophthalmos was low

Fig. 1. Patient A. with blowout fracture of the right orbit, three month after trauma: orbital reconstruction with PEEK PSI (a,b – CT-slices of the damaged orbital
walls; с,d - virtual mode of the PSI positioned into the orbit; e − view of PSI in the wound after positioning in the orbit; f, g – CT-control with PSI reconstructed
orbital floor).
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(3.7%).14,20,23,24

Virtual preoperative simulation was used for the estimation of the
implant position inside the orbit, and its interrelationships with bony
structures, nerves and oculomotor muscles. In the cases where collisions
between the implant and anatomical structures were seen, the design
was changed. (Fig. 2).

Our results are indicative of higher clinical efficacy of PSIs when
compared to pre-band titanium implants in orbital volume re-
construction. The incidence of residual enophthalmos in the PSI group
was also significantly lower. There were no differences in motility or
diplopia between both groups three months after surgery. However, the
statistically significant differences in diplopia one month after surgery
exhibited the presence of less favourable conditions for rehabilitation
after the orbital trauma in patients of the control group.

The differences in duration of surgery, could be explained by
lengthy procedures of the additional adaptation of the pre-bent stan-
dard implants inside the orbit. According to the literature, both tech-
niques are quite time-consuming, due to pre- or intraoperative adap-
tation to the orbital anatomy (“pre-bending”) or CAD/CAM procedures.
However, the time, spent to creation of the PSI design, is working time
of the engineer, not surgeons, patient or anaesthesiologist without
stress and with opportunity to verify virtually as much, as you can. Our
study provides some evidence that the treatment of orbital wall frac-
tures with PSI is clinically and technically quite simple and pre-
dictable.3,16,20,22,24

The results obtained correlate with those reported by other authors.
Zieliński et al.22 showed the presence of motility disorders after CAD/
CAM-assisted orbital reconstructions in 29% and 13% of cases one and
six months after surgery, respectively. According to the multicentre
study by R. M. Zimmerer et al.,20 when using PSIs, there was a statis-
tically significant reduction in the time of surgical intervention. In the

above study, the average time of surgery was about 60 min, which
corresponds to the results obtained in the present study. Motility dis-
orders after orbital reconstruction with PSI were seen in 15.8% of cases
one month and in 3.3% of cases four months after surgery. Diplopia was
found in 35.8% of cases one month after surgery. The value decreased
to 24.6% four months after surgery. These results are almost similar to
those obtained in our study.

The use PEEK for PSI manufacturing was conditioned by its fa-
vourable characteristics and the convenient manufacturing processes.
PEEK is thermoplastic material with good imaging properties, stiffness,
durability, light weight, fatigue, chemical resistance and modulus of
elasticity close to the cortical bone. Allergic reactions to PEEK are ex-
tremely rare.11,13,25 As for our experience, the main advantages of PEEK
PSI for orbital reconstruction are its mechanical properties, easy and
fast manufacturing and high biocompatibility. We also took into con-
sideration the manufacturer's recommendations which made it possible
to produce the implants with the thickness of more than 0.4 mm by
milling of PEEK. Well known, that it is difficult to achieve the same
thickness by the selective laser sintering of titanium. Metal milling is
more time-consuming technology, when timing in orbital reconstruc-
tion continues to be a very important factor, which sometimes limits PSI
application for orbital reconstruction. In our series, neither clinical nor
radiological manifestations of inflammatory complications, including
sinusitis, caused by PEEK implants were observed at minimum follow-
up of 1 year.

5. Conclusion

The obtained results are supportive PSI advantages such as reduced
surgical time, precision and predictability in the treatment of orbital
defects. PEEK PSI demonstrated higher clinical efficacy in comparison

Fig. 2. Comparison of presurgical planning and postsurgical outcome with PEEK PSI orbital reconstruction (a – superimposition of the damaged and intact virtual
orbital models; b - superimposition of the pre-planned reconstructed (with designed PSI) and intact virtual orbital models; c - superimposition of the virtual orbital
model: intact and damaged after surgical reconstruction).
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to pre-bent plates in orbital reconstruction especially in restoring the
volume and shape of the damaged orbit. Possible advantages of PEEK
PSI for orbital reconstruction are its mechanical properties, easy and
fast manufacturing and high biocompatibility.
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