YJCMS1377_proof m 27 December 2012 m 1/9

Journal of Cranio-Maxillo-Facial Surgery xxx (2012) 1-9

Contents lists available at SciVerse ScienceDirect

Journal of Cranio-Maxillo-Facial Surgery

journal homepage: www.jcmfs.com

Technical concept of patient-specific, ultrahigh molecular weight
polyethylene orbital wall implant

Marcin Kozakiewicz **, Marcin Elgalal >¢, Bogdan Walkowiak ¢, Ludomir Stefanczyk "

@ Department of Maxillofacial Surgery (Head: Marcin Kozakiewicz, DDS, PhD), Medical University of Lodz, Zeromskiego 113, Lodz, Poland
b Department of Radiology and Diagnostic Imaging (Head: Ludomir Stefanczyk, MD, PhD), Medical University of Lodz, Kopcinskiego 22, Lodz, Poland
€Lodz Regional Park of Science and Technology (Head: Andrzej Styczen, MSc), Dubois 114/116, Lodz, Poland

ARTICLE INFO ABSTRACT
Article histgry: ' Introduction: The authors have been using patient-specific implants since 2006 and are constantly
Paper received 21 April 2012 looking for new reconstructive materials, in order to create precise implants for orbital reconstruction.

Accepted 18 October 2012 Such materials should be biocompatible and stable in the human body, as well as easy to machine and

form into complex 3D shapes. Biocompatible ultrahigh molecular weight polyethylene (UHMW-PE) has
"ey‘("orde several unique properties including high impact strength and a low friction coefficient that result in self-
g:l:’lte lubricating and thus non-sticking surfaces after processing.

In di i[(}:lal irglanit Aim: To present the concept of a patient-specific, UHMW-PE orbital wall implant.

Materials and methods: The material used to manufacture the orbital implant was UHMW-PE converted
into a solid block of medical polymer from a powder material. A delayed treatment unilateral orbital
fracture case was chosen for reconstruction with patient-specific orbital wall implant. On the basis of
computerized tomography, a virtual model of both orbits was prepared. The injured orbit was signifi-
cantly enlarged due to dislocation of its walls. The 3D model of the facial skeleton was symmetrically
divided into two parts. This resulted in two models — left and right orbit, then the uninjured orbit was
superimposed onto the contralateral side. As a result two surfaces were created; the outer surface (taken
from the injured orbit) was used to design the outer surface of the implant, and the inner (taken from the
uninjured orbit) for the inner surface. By combining both these surfaces it was possible to determine the
unique shape and thickness of the UHMW-PE implant that would allow for accurate reconstruction of
the orbit. Following this, the CAD model was transferred to CAM software and a numerical code for a 5-
axis milling machine was generated. The manufactured implant was sterilized in gas plasma and used to
reconstruct three orbital walls.

Results: The thickness of the manufactured implant ranged from 0.2 mm to 1.5 mm and was successfully
inserted via transconjunctival approach. The lower, medial and lateral walls were reconstructed. The
correct position of the right eyeball was re-established by moving it upward and medially, which resulted
in enophthalmos and diplopia correction. The described method features several advantages: accurate
reconstruction of the original shape of the orbit, precise modification of local implant thickness during
design of the CAD model, structural globe support combined with a thin implant, the possibility of
repairing large orbital floor defects, corrections using scissor/scalpel during surgery are relatively
uncomplicated, low level of morbidity, smooth edges and gradual, controlled variations in implant
thickness between different regions. Disadvantages: changes to the curvature of the implant cannot be
made during surgery, implant may require fixing with screws to be stabilized during the early phase of
healing, long time required to design and manufacture implants (pre-op) and also UHMW-PE implants
are radiolucent and cannot be imaged using X-rays.
Conclusion: UHMW-PE appears to have numerous advantages as a material for precise reconstruction of
the orbits. Such patient-specific implants are durable, can even be used to reconstruct very thin walls, do
not exhibit the high degree of morbidity typical for autogenous bone grafts and result in restoration of
vision function.
© 2012 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
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Since 2006 individual implants have been used for the recon-
struction of orbital fractures (Schon et al., 2006; Kozakiewicz et al.,
2009). This method is very promising because of the excellent
ophthalmologic results that can be achieved (Kozakiewicz et al.,
2011, Loba et al.,, 2011; He et al, in press). High-density poly-
ethylene (HDPE) implants have been used with good results to
restore the anatomical architecture of the human skeleton (Frodel
and Lee, 1998; Liu et al., 2004; Hwang et al., 2009; Xu et al,,
2009; Rhim et al., 2010; Kashkouli et al., 2011; Kirby et al., 2011).
Results are comparable to reconstruction with the use of autoge-
nous bone (Wajih et al., 2011). The rate of complications associated
with this material is only 6.4% (Lee et al., 2005). However, the
thickness of the implant is usually much greater than 0.5 mm
(Tabrizi et al., 2010), and precise modification of thickness is
limited. Sandwich onlays are commonly performed in order to
increase implant thickness, although accurate control of the orbit
shape and volume is difficult with this method. This in turn, makes
restoration of the native orbital anatomy challenging.

The aim of this study was to present a unique method of orbital
wall fracture reconstruction developed by the authors, using
a custom implant made of ultrahigh molecular weight polyethylene.

1. Material and methods

Bioethics Committee approval was obtained for this study
(Medical University of Lodz RNN/266/11/KB). Medical grade
powder UHMW-PE for surgical implants produced in accordance
with ISO 5834-1 2007 type 1, ISO 5834-2 2006 type 1 and ASTM F
648-07 type 1 standards (Ticona Engineering Polymers, 2011,
Florence, USA; www.ticona.com) was chosen as the substrate
material (Table 1). This material is a linear polyolefin resin in
powder form with a molecular weight of approximately 5.0 MM
calculated using Margolies’ equation. The extremely high molecular
weight of this resin yields several unique properties including high
impact strength, low friction coefficient that result in self-
lubricating, and thus non-sticking surfaces after processing. Med-
iTECH, Quadrant Deutschland GmbH (Vreden, Germany; www.
meditechpolymers.com) produced the final solid material from
raw powder. The patient-specific orbital implant was manufactured
from powder series lot no. 0000464290, and was certified for
medical use (Table 2). After that, the substrate resin was processed
by compression moulding and ram extrusion. The moulded forms
were annealed under nitrogen atmosphere at 1100 °C. Next, the
final material was tested for foreign substances and found to meet
the technical requirements according to ISO 5834 part 2 and ASTM
F 648 for moulded forms made of UHMW-PE moulding material for
surgical implants (Table 3).

A case of delayed treatment of orbital fracture was chosen for
this novel method of reconstruction. The fracture had been caused
by a blunt injury to the right orbit 10 months earlier. Since then the
patient had suffered from diplopia and had to use forced neck
position to minimalize the degree of diplopia. Loss of binocular
single vision was 65% of the vision field. The patient underwent
high resolution computerized tomography (64-slice scanner,
0.6 mm layers, Siemens) in order to image the pathology. CT
imaging showed involvement of the orbital floor, medial and lateral
walls together with the lateral and lower rims. The orbital
destruction intensity (ODI) was established as level 7 of the 8-level
scale (Kozakiewicz et al., 2011). The lateral segment of the lower
orbital rim and the floor were dislocated inferiorly, whilst the
lateral rim inferior to the fronto-zygomatic suture and the lateral
wall were dislocated laterally. Furthermore, the bone defect present
in the medial wall resulted in medial dislocation of that wall. As
a result of these dislocations, the overall volume of the orbit had
increased and produced 5-mm deep enophthalmos.

Table 1
General substrate (UHMW-PE) characteristics according to Ticona Engineering
Polymers, 2011.

Physical features Test standard Value Unit
Density 1SO 1183 930 kg/m>
Elongational stress F (150/10) 150 11542-2 0.22 MPa
Intrinsic viscosity 1SO 1628-3 2100 ml/g
Viscosity number ISO 307, 1157, 2400 cm’/g
1628
Mechanical features
Tensile modulus (1 mm/min) ISO 527-2/1A 720 MPa
Tensile stress at yield 1SO 527-2/1A 17 MPa
(50 mm/min)
Tensile strain at yield ISO 527-2/1A 20 %
(50 mm/min)
Nominal strain at break ISO 527-2/1A >50 %
(50 mm/min)
Tensile creep modulus (1 h) ISO 899-1 460 MPa
Tensile creep modulus (1000 h) 1SO 899-1 230 MPa
Charpy impact strength ISO 11542-2 210 KkJ/m?
(140 V-notch both sides)
Shore hardness D scale 15 s ISO 868 60 e
value
Ball indentation hardness ISO 2039-1 36 N/mm?
Thermal features
Vicat softening temperature ISO 306 80 °C
B50 (500 °C/h 50 N)
Coefficient of linear thermal ISO 11359-2 2 1074/°C
expansion (parallel)
Thermal conductivity at 230 °C Ticona 0.41 W/(m K)
Specific heat at 230 °C Ticona 1.84 KJ/(kg K)
Electrical features
Relative permittivity — 100 Hz IEC 60250 2.1 -
Relative permittivity — 1 MHz IEC 60250 3 =
Dissipation factor — 100 Hz IEC 60250 0.00039 -
Dissipation factor — 1 MHz IEC 60250 0.001 -
Volume resistivity IEC 60093 >1012 Ohm*m
Surface resistivity IEC 60093 >1012 Ohm
Electric strength IEC 60243-1 45 kV/mm
Comparative tracking index IEC 60112 600 -

(CTh)

The described method assumes that the injury is unilateral, the
orbits are symmetrical and that reference points in the orbits can be
established. Such reference points are necessary in order to
perform a virtual superimposition of both orbits. This has been
previously described by the authors (Kozakiewicz et al., 2009),
however due to the importance of this technique, it will be briefly
presented below.

The first stage of this method is to acquire data regarding the
orbital anatomy and to create a 3D model of the patient’s facial
skeleton. CT DICOM data are segmented using Amira 5.4 (Visage
Imaging GmbH, Germany) and a 3D surface model is created, which
is subsequently exported as an .stl file. This is then imported into
the reverse engineering software Geomagic Studio 11 (Geomagic
Corp., Morrisville, USA), and the 3D model of the facial skeleton is
divided into two symmetrical parts that include the left and the
right orbit. The quality of the surface is verified with Geomagic
Studio and any defects are repaired using specialist tools available
in this software. The next stage is to ascertain the degree of
displacement of the injured walls compared to the contralateral
uninjured orbit. This can be assessed by superimposing two models
on each other that should have a high degree of symmetry and
comparing any differences between them i.e. regions where bone
fragments have been displaced will exhibit a low degree of
symmetry. Then, the unaffected orbit is mirrored onto the contra-
lateral side and superimposed onto the injured orbit. The undam-
aged upper rim and upper wall are used as reference surfaces in
order to achieve an accurate superimposition. Then, the two orbits
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Table 2

Raw material (UHMW-PE) characteristics before compression moulding (according ISO 5834 part 1 type 1, and ASTM F 648 type 1). Particular powder series used to
manufacture patient-specific orbital implants (powder lot no. 0000464290; MediTECH, Quadrant).

Feature Test standard Requirement Test result Unit
1SO 5834 ASTM F 648 ISO ASTM
Elongation stress ISO 11542-2 ASTM D 4020 Min. 0.2 0.21 0.21 MPa
Viscosity number 1SO 1628-3 ASTM D 4020 2000-3200 2270 2270 cm®/g
Extraneous matter 1SO 5834-1 ASTM F 648 Max. 3 0.3 0.3 ol
Ash content 1SO 3451-1 1SO 3451-1 Max. 125 35 35 ppm
Trace element content 1SO 5834-1 ASTM F 648
Ti Max. 40 10 10 ppm
Al Max. 20 3 3 ppm
Ca Max. 5 2 2 ppm
Cl Max. 30 10 10 ppm
Table 3

Final moulded forms (UHMW-PE) characteristics (ISO 5834 part 2 type 1, and ASTM F 648 type 1). Final polymer block product no. 152000 (MediTECH, Quadrant) patient-

specific implants, presented in this paper, were cut from below described block.

Feature Test standard Requirement Test result Unit
1SO 5834 ASTM F 648 I1SO ASTM
Density 1SO 1183 ASTM D 792 927 + 944 935 935 kg/m3
Ash content ISO 3451-1 ISO 3451-1 Max. 150 89 89 ppm
Tensile stress at yield 1SO 527 ASTM D 638 Min. 21 224 21.8 MPa
Tensile stress at break ISO 527 ASTM D 638 Min. 35/40 51 484 MPa
Elongation at break 1SO 527 ASTM D 638 Min. 300/380 447 476 %
are compared and the degree of symmetry is assessed using Geo- 2. Results

magic Qualify (Geomagic Corp., Morrisville, USA). Regions that are
damaged and displaced exhibit a low degree of symmetry, whist
areas without displacement show a high level of symmetry. Such an
analysis makes it possible to accurately assess to what degree these
walls have been displaced and how the volume of the injured orbit
has increased. Consequently, it is possible to calculate the thickness
of the planned implant.

Subsequently, the 3D model is transferred to a CAD program
SolidWorks (Dassault Systémes SolidWorks Corp., Waltham, USA)
and prepared for CNC milling. The virtual implant is inspected by
a maxillofacial surgeon and divided into two pieces (one section for
reconstruction of the lower and medial walls, and one for the lateral
wall) in order to simplify the reconstruction process and decrease
intra-surgical complications. The extent of the final surface area is
determined and is carefully evaluated, in order to avoid creating an
implant that would be too small. Any sharp edges and angles are
removed to decrease the possibility of damaging intraorbital
structures. The final virtual implant is then approved by a maxillo-
facial surgeon.

Then, the file is imported into a CAM program Pathtrace Edge-
cam (Edgecam, Berkshire, UK). The type of tools and milling
strategy are carefully selected with this programme, in order to
achieve maximum accuracy of the resulting physical implant. At
first a 4 mm diameter burr is applied, then 2 mm, later 1 mm, and
finally 0.5 mm. The direction of the burr movement is from the
central part to periphery of the implant surface. As a result, the
implant remains connected to the borders of the polyethylene
block and does not break off which ensures stable milling and
accurate control of the implant shape. Finally, the numerical code
(NC) for the milling machine is generated.

A block of UHMW-PE is clamped into a holder on a computer
numerical controlled, 5-axis milling machine Speed Hawk 650
(OPS-Ingersoll Funkenerosion GmbH, Burbach, Germany; www.en.
ops-ingersoll.de) with a working space X650 Y550 Z500 mm. The
dimensions of the block are 125 x 70 x 20 mm. Later, the milled
implants are cleaned and their borders are thermally rounded.

Two copies of the implant were milled from a block of UHMW-
PE using CNC with air cooling. The thickness of the manufactured
implant ranged from 0.2 mm to 1.5 mm. The changes in thickness
were gradual and precisely controlled, which was essential in order
to restore the physiological morphology of the orbit. As the two
implants were manufactured for the patient, the cost of medical
UHMW-PE was 8 Euros per patient (4 Euros if only one implant was
to be made for a patient). The features of UHMW-PE used for this
implant: stiffness with relative flexibility, no sharp/serrated edges,
can be cut during surgery with a scalpel. The manufacturing
method allows creation of an individual implant, with gradually
altered curvature, ensures a possibility of designing and producing
implants for surgeons in different parts of the world and is rela-
tively cheap. After milling the implant was not polished. Its surface
was not porous but slightly rough. Following confirmation by
a maxillofacial surgeon, the implant was packed and sterilized in
gas plasma (low temperature conditions). The following day the
custom implant was ready for use.

Fig. 1. Patient before treatment. A blunt injury of the right orbit 10 months ago. Eye
globe is dislocated downward and laterally.
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Placement of the implants was made via a standard trans-
conjunctival approach. The surgery was performed under general
anaesthesia. The bone defect in the medial wall had healed, however
some displaced fragments of the lateral wall were found. The orbital
floor did not have any defects or foreign bodies. Herniated tissues
were repositioned, and the two parts of the patient-specific implant
were inserted into the orbit. The first part (lower section) was fixed
to the lower rim using one 1.5 x 4 mm screw; the second part
(lateral section) was fixed in the same manner to the lateral rim.
Passive motility test was performed at the end of surgery. Post-
surgery functional orthoptic examination was performed, as well
as a CT scan to confirm the position of the globe and assess the
retrobulbar space. Enophthalmos and diplopia were corrected.
Binocular single vision was restored after 1 month and continued
during 6-month follow-up (0% — binocular single vision loss).

The design, manufacture and clinical application of the
described implant have been presented in the figures below
(Figs. 1-6).

3. Discussion

The main field of application for ultrahigh molecular weight
polyethylene (UHMW-PE) is orthopaedics, whilst Synpor® (www.
synthes.com) is the only material based on UHMW-PE which is
known to be used for maxillofacial reconstructions other than
acetabular part of temporomandibular joint total replacements.
UHMW-PE has rapidly gained wide acceptance as a means to
remarkably reduce the wear and the associated peri-implant
osteolysis. In vivo studies simulating the use of UHMW-PE for
durations of up to 20 years have shown negligible wear (Jasty et al.,

Fig. 2. Computer aided design (CAD). Left—right superimposition of virtual orbits, yellow mesh represents intact surfaces, blue mesh represents dislocated surfaces due to injury
(upper couple of images). Planning the implant dimensions. Thickness of the implant is established by measuring the distance between the intact and the injured surfaces of the
orbits walls. The plain of separation is used to manufacture two implants — one for floor and medial wall, and one for lateral wall reconstruction (middle couple of images).
Figures of individual orbital implants. On the left: floor and medial wall implant. On the right: lateral wall implant (lower couple of images).
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Fig. 3. Presentation of a design of the vertical dimension of the orbital floor and medial wall implant. Mirrored, injured orbit superimposed on intact orbit visualized as one fused
block. Antero-posterior cross-section through orbital floors and medial walls [white transparent plain in upper image] presents the implant thickness in section plain [lower image].
Two-dimensional graph shows positions of both floors [solid line — intact, dotted line — injured, segments reaching the dots describe the implant thickness].

2005). The stiffness of the polymer resin appears to be adequate for
orbital reconstruction. UHMW-PE exhibits a combination of
excellent properties: outstanding abrasion resistance, superior
impact resistance, non-sticking and self-lubricating features and
excellent mechanical properties. It is a polymer of extremely high
viscosity that is produced in the form of powder and has an average
particle size diameter typically ranging from 100 to 200 pm. Due to
its viscosity, it generally cannot be processed by the common
methods used for ordinary thermoplastics. Thus, compression
moulding and ram extrusion processes are used to generate the
high pressure needed to fuse UHMW-PE particles together and
then the material is typically formed into stock shapes or solid

blocks, as necessary for milling (Ticona Engineering Polymers,
2011).

Alloplastic materials have been shown to reduce the number of
bacteria required to produce infection by a factor of 104-106
(Sclafani et al., 1997). Nonporous surfaces of the custom UHMW-
PE implant make it more resistant to intra-operational infection.
The material displayed some of the features of the well-known
polytetrafluoroethylene (Sclafani et al., 1997). On the other hand,
a surface that is not totally smooth makes an implant more resis-
tant to late infections due to superficial fibrovascularization. This
living tissue allows increased response from immune mediators at
this expanded surface of alloplast (Zimmerli et al., 1982).
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Fig. 4. Computer aided manufacture (CAM) — the milling strategy. The design of burr traces in UHMW-PE block encoded for numerical milling machine. Each line represents one

trace of the burr.

10-year results with the hip endoprosthesis demonstrate excep-
tional high survivorship (Hinrichs et al., 2001). The authors concluded
that the acetabular component can be recommended for further
implantation. More detailed argumentation was revealed by Reynolds
etal.(2012).The average total penetration was 0.339 4- 0.204 mm, and
the mean annual penetration rate was 0.037 + 0.022 mm. The paper
demonstrated a 74% reduction in total penetration of highly cross-
linked polyethylene when compared with historical controls using

conventional polyethylene at an average of 9 years. It supports the
belief that highly cross-linked polyethylene [i.e. UHMW-PE]| does
retain its wear resistance over an extended period.

The perfect orbital reconstruction material remains controver-
sial (Chang and Bernardino, 2004). It should be cheap, biocom-
patible, readily available, and easy to manipulate and insert during
surgery. It should allow fixation to the orbital rim (Potter and Ellis,
2004). Numerous materials have been used, including lyophilized
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Fig. 5. Clinical application. Left column of images — orbital floor and medial wall implant. Right column — lateral wall implant. In the top — final versions of UHMW-PE patient-
specific implants just before placing in the orbit. In the middle — exposed dislocated orbital walls. In the bottom — implants inserted and fixed with two screws.

Fig. 6. Patient 6 months after treatment. Right eye globe position was re-established
upward and medially (more iris is exposed in the lower aspect, and more sclera is
revealed in the lateral part of the palpebral fissure).

dura, silastic, polyethylene or polydioxanone sheets, hydroxyapa-
tite blocks, titanium mesh, ceramic inlays, and autogenous bone
grafts (Hoffmann et al., 1998; Potter and Ellis, 2004; Ellis and Tan,
2003; Habal, 1992; Goldberg et al., 1993; Hammer and Prein,
1993; Howaldt and Zubcov, 1994; Kelly et al., 2005; Lee et al.,
2005; Ropke and Bloching, 2004). More flexible materials are
unable to withstand the dynamic stresses of large defects.
Resorbable implants may be prone to foreign-body reaction,
implant exposure, and result only in fibrous connective tissue
remains after resorption (Hoffmann et al., 1998, Buchel et al., 2005).
The disadvantages of autologous bone grafts include limited con-
tourability and donor site complications. In addition, graft resorp-
tion can occur (Glassman et al., 1990, Kline and Wolfe, 1995; Marin
et al, 1998). Titanium mesh has had a long track record in the
reconstruction of large orbital floor defects and correction of globe
malposition (Potter and Ellis, 2004, Glassman et al., 1990; Ellis and
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Tan, 2003). Some of the advantages of titanium mesh plates include
availability, biocompatibility, easy intraoperative contouring and
rigid fixation. Disadvantages are difficulties with ease of insertion.
Any rough edges on the mesh tend to catch prolapsed orbital fat.
Additionally, removal of the titanium mesh after the healing period
is challenging, due to the presence of a scar tissue that grows
through the mesh perforations. It can also be difficult to apply
subtle intraoperative contours to the mesh, particularly if the deep
orbital cone is affected or scarring renders the identification of
stable posterior landmarks difficult (Hammer and Prein, 1995;
Parsons and Mathog, 1988; Schon et al., 2006).

The described UHMW-PE implants are pre-formed, custom
made and can be tailored to specific intra-operational needs. The
material is radiolucent on CT scans and MRI images, causing no
interference with postoperative imaging, although a combination
with embedded or covering radio-opaque component may be
useful for X-ray imaging follow-up (Liu et al., 2004).

The next desired feature, as previously mentioned (Ozturk et al.,
2005), is thinness of polyethylene implants (<0.3 mm). We propose
a patient-specific implant that is thin or has variable thickness and is
made from durable biocompatible polymer. The extremely high
molecular weight polymer and density of the resin make it possible to
manufacture implants as thin as 0.2 mm. Depending on the recon-
struction strategy, 1.0 mm or 0.5 mm-thick implant versions can be
made. Furthermore, variable thickness patient-specific implants may
be designed (0.2—4.0 mm). Thicker implants can be used for eye globe
position correction in severe enophthalmic cases. Such implants
could have high tensile strength (tensile stress at yield of UHMW-PE is
similar to cortical bone) and ensure that position of the globe remains
stable. This would be necessary in cases with a high score on the
orbital destruction intensity scale (Kozakiewicz et al., 2011). On the

other hand, thinner implants could be utilized to cover fracture lines
and minor orbital wall defects. Therefore, the orbital volume would be
minimally modified by the volume of the implant.

In delayed and multiple surgery cases, functional results of
orbital surgery are worse than in simpler cases, yet in long-term
follow-up partial subsidence of diplopia is noticeable. The results
of treatment depend on the initial level of diplopia and severe initial
diplopia may require thicker implants to correct. Larger orbital wall
displacements require a greater reduction. What is obvious in such
cases is that a surgeon needs accurate tools i.e. patient-specific
implants. A surgeon should not be afraid of significant eye globe
repositioning due to variable thickness implants as this ultimately
results in precise enophthalmos correction.

Enophthalmos in posttraumatic cases is determined by the
degree of orbital cavity enlargement, herniation of orbital fat into
the sinuses, fat atrophy, loss of ligament support and scar
contracture. Reconstruction can be achieved with bone grafts har-
vested from calvaria or iliac crest and using biomaterials (Clauser
et al., 2008). Adequate hard tissue reconstruction is fundamental
for the correction of enophthalmos. Long-term outcomes of stan-
dard polyethylene implants used for reconstruction of orbital floor
defects revealed persistent enophthalmos in 7—11% of cases and
diplopia in 6—17% (Hosal and Beatty, 2002, Ozturk et al., 2005).
Such results show that there is a need to find new treatment
methods for such cases. Patient-specific alloplastic implants appear
to be a useful alternative with promising results.

The advantages and disadvantages of the proposed implant
material and method should be summarized.

Advantages:
1. Ability to accurately reconstruct the original shape of the

orbital walls
2. Excellent structural support combined with a thin implant

3. Reconstruction of large orbital floor defects — the material is
rigid
4, CAD model of the implant can be used as an intra-surgical
navigation tool
5. Precisely located perforations prevent movement of the
implant in site, after the healing period (for example: perim-
eter line perforation or one margin perforation)
6. Easy correction using scissors/scalpel
7. Less complications
8. Possibility to easily and precisely modify regional implant
thickness during CAD design
9. Rounded edges and smooth alterations from thin to thick parts
of the implant
10. There is an antioxidant-(vitamin E)-enriched UHMW-PE poly-
mer available that may be beneficial for patients to be
irradiated.

Disadvantages:

1. Inability to change the size or curvature of the implant during
surgery (it is necessary to manufacture a larger implant than
actual dimensions of the defect)

2. A fixing screw is required to stabilize the implant during the
first phase of healing (for larger defects)

3. Time expenditure for design and production (pre-op)

4. The implant is translucent on X-ray imaging.

4. Conclusion

Ultrahigh molecular weight polyethylene implant prepared

using ENC milling appears te have many advantages as a material
for precise reconstruction of orbital wall defects. The implants
produced are durable and accurately reconstruct the anatomy of
thin orbital walls. Furthermore, they do not exhibit the complica-
tions of autogenous bone grafts and allow successful therapy of
posttraumatic diplopia and enophthalmos.
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