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Abstract

Purpose: To review different available implant materials used for orbital floor reconstruction regarding their

indications, advantages and disadvantages.

Summary: Review of literature revealed the presence of a wide variety of implant options for repair of
orbital floor defects. They can be broadly classified into biological materials, metals and polymers which
are further divided into resorbables and non resorbables. The choice could be based on an algorithm for the
defect size, the anatomical location, or the remaining structural support. Small defects may heal solely by

the formation of scar tissue, whereas larger defects, especially those associated with enophthalmos, need
material of a sufficient strength to support the orbital contents.
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Introduction

Fractures of the orbit are seen in many patients who
have blunt trauma to the face and skull. The prominent
position of the orbit in the craniofacial skeleton
predisposes this region to injury. !

Blow-out fracture is a special type of fracture of
the orbital floor. Rene Le Fort concluded that blow-out
fractures occurred through force transmission from the
more rigid infraorbital rim to the relatively weak orbital
floor, known as the buckling theory. ? This theory was
challenged by Pfeiffer in 1948, who observed a case
series of globe-directed trauma resulting in blowout
fractures, leading him to propose the hydraulic theory,
which states that hydraulic pressure from the globe is
transmitted to the bony orbit resulting in fracture of the
thin orbital floor.?
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In the repair of orbital fractures, the value of an
implant is to regain function and aesthetic appearance
by repairing the traumatic defect and bringing the globe
into its correct position. In addition to the timing and
method of reconstruction, a third essential factor in
orbital fracture surgery is the choice of reconstruction
material. 4

Advances in biotechnology continue to introduce
new implant materials for reconstruction of orbital floor
fractures. Which material is best fit for orbital floor

reconstruction has been a controversial issue. °

Characteristics of an ideal orbital reconstruction
material °

1. Stability and fixation: The implant should be
strong enough to support the orbital content and
related forces, do not deform (sagging of material
into maxillary sinus) under load and can be fixed to
surrounding structures

2. Contouring and handling: Restores adequate
volume to treat enophthalmos and diplopia, easy to
shape to fit the orbital defect and regional anatomy
and has smooth surface.

3. Biological behavior: Ideal implant is biocompatible
with no infection, migration, foreign body reaction,
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non-allergenic and non-carcinogenic. It should be
osteosynthetic and shows high tissue incorporation
but easily dissectable in implant removal during
secondary reconstruction

4. Drainage: Spaces within the implant should be
present to allow drainage of orbital fluids

5. Donor site morbidity: The implant should not
increase surgical complication rate or donor site
morbidity (pain, swelling, etc.)

6. Radiopacity: The implant should be radiopaque to
enable radiographic evaluation without artifacts.

7. Availability and cost-effectiveness: Ideal implant
should be readily available in sufficient quantities
and acceptable costs

Types of materials wused for orbital

reconstruction:®

1. Biological materials:
o Autografts/autogenous materials:

i.  Autologous bone: calvarium, iliac crest, rib,
mandibular symphysis, maxillary sinus wall

ii. Autologous cartilage: nasal septum or concha,
auricle, rib

iii. Autologous fascia: Tensor fascia lata, temporal
fascia

iv. Autologous periosteum

e Allografts: Lyophilized dura mater; demineralized
human bone, lyophilized cartilage, irradiated fascia
lata.

o Xenografts and animal-derived materials: porcine
sclera, porcine skin gelatin/Gelfilm, bovine bone or
sclera

e Biological ceramics (inorganic,
Porous hydroxyapatite (HA) and other calcium
phosphates.

non-metallic):

2. Metals: Titanium, Cobalt alloys
3. Polymers (plastics):

e Non-porous non-resorbable (permanent)
implants: Silicone, nylon (SupraFOIL; Supramid),
polytetrafluoroethylene (PTFE; Teflon, Gore-Tex),

hydrogels, PEEK (poly ether ether ketone)

e Non-porous resorbable implants: Hyaluronate/
carboxymethylcellulose (HA/CMC; Seprafilm).
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e Porous non-resorbable implants:
Porous polyethylene (PE; Medpor)

e  Porous resorbable (absorbable) implants: Poly
(lactic acid) (PLA), poly (glycolic acid) (PGA),
PLA/PGA  implants Polydioxanone (PDS),
polyglactin 910/PDS implants (Ethisorb).

4. Composites:
HA-reinforced high density composite
Titanium/PE composite implant (Medpor Titan)

HA/PLA/polycaprolactone (PCL) sheet

Bone
hydrogel

morphogenetic  protein-loaded  gelatin

Advantages and disadvantages of -currently
available reconstruction materials:

e Biological materials: Biological materials are
defined as grafts harvested from the same or another
human or animal and include autografts, allo-grafts,
and xenografts. ©

Since the 18th century, autologous bone has been
the ‘gold standard’ biomaterial for the reconstruction
of bony defects in the craniofacial area.” Autologous
bone grafts are used in orbital surgery because of
their strength, rigidity, vascularization potential, and
incorporation into the orbital tissues with minimal acute
and chronic immune reactivity (i.e. infection, extrusion,
collagenous capsule formation, and ocular tethering).®
Donor site morbidity remains a general drawback for
autologous bone harvesting.

Allografts (homografts) are transplanted tissues
(e.g. lyophilized dura mater or banked (demineralized)
bone) from another human being. Their advantages
include a decreased surgical time, preoperative
customizability, absence of donor site morbidity, and
abundant availability of banked bone. * Lyophilized
dura (Lyodura) was a standard in the past for the
reconstruction of smaller orbital defects because of its
strength and absence of tissue reactions. ° However, it
became controversial following a case of Creutzfeldt—
Jakob prion disease in a patient who received dura
originating from a cadaver.'? Consequent to this report,
lyophilized dura sterilization was no longer performed
with gamma irradiation but with sodium hydroxide. !
The disadvantages of allografts include a resorption rate
substantially higher than that of autologous tissue,® the



1268

need for immunosuppressive pharmacotherapy, and the
risk of viral transmission, such as hepatitis C virus and
HIV.12

o  Metals

Titanium has been used extensively in craniofacial
surgery and dentistry in the form of implants, plates,
and screws. '3 With its high biocompatibility and
physico-mechanical properties, it could be an ideal
implant for covering large anatomical defects (categories
III-V) and globe malposition if implant-stabilizing
surrounding bone or a distal landmark (a ‘bony ledge’)
is absent.!*

Titanium mesh is strong, rigidly fixable, widely
available, and is subject to osseointegration with minimal
foreign body reaction.'> However, titanium is costly and
may have irregular edges if not cut properly, which may
impinge soft tissue. Furthermore, fibrous tissue will
incorporate the mesh-holes, which can make implant
replacement technically complex.!® Late unwanted
effects such as infection, corrosion, and toxic metal
ion release have been reported with the use of titanium
implants.'* One Randomized Control Trial (RCT) has
evaluated the effects of titanium implants as compared
to perforated (PDS) foil for small orbital floor fracture
reconstruction, and found no significant differences in
the clinical outcomes.'® A pilot study without controls
used a low-profile 0.25-mm titanium plate in large
defects (categories II and III) and found successful
clinical outcomes without complications in 93% of
the cases; at the 6-month follow-up, no functional or
aesthetic concerns were observed. '

e Polymers: Polymers (or plastics) are large molecules
comprising multiple repeated subunits and can be
categorized into absorbable and non-absorbable
(permanent) types.

Non-absorbable permanent polymer implants:
Porous ultra-high density polyethylene (PE; Medpor™)
sheets of various sizes and thicknesses (0.4—1.5 mm)
have been used widely to cover smaller floor defects
since the 1990s. This widespread use is a product of the
ability to easily cut the sheets into various shapes and the
ability of orbital tissue to move freely over the smooth
surface. Connective tissue and vascular components
grow into the pores with minimal foreign body reaction.
17 In a prospective cohort study of floor reconstructions,
PE sheets showed satisfactory surgical outcomes and
infection rates similar to autografts.'®
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Polytetrafluoroethylene ~ (PTFE;  Teflon) s
biologically and chemically inert, non-antigenic with
minimal foreign body reaction, sterilizable, and easily
mouldable. However, this polymer has not yet been
subject to comparative clinical studies.®

Relatively new in orbital floor repair is the
use of nylon foil, a non-porous poly-amide. Nylon
foil has provided favourable results in preliminary
non-comparative studies.'”

Resorbable Osteosynthesis implants: Although
the performance and biocompatibility of metallic and
titanium fixation in osteosynthesis has been reported
as satisfactory, a number of disadvantages have been
associated with its use, including stress shielding of bone
or osteopenia®’, impairment in imaging evaluation?! and
its restricted use in certain specific circumstances such
as pediatric craniofacial surgery.??

Resorbable materials have been used widely for over
30 years in many fields of surgical practice, 23 and are
of interest because of their more predictable absorption
rates than biological grafts, as well as their high level of
customizability and control. >4

Chemistry and mechanismofaction: Bioresorbable
polymers are mainly high-molecular-weight aliphatic
polyesters with repeating units of o-hydroxy acid
(HOCHR-COOH)  derivatives manufactured by
ring-opening polymerization. The absorption of these
polymers begins with depolymerization through
the hydrolysis of their ester bonds and subsequent
metabolism, probably by macrophages, in the citric acid
cycle into water and carbon dioxide. 2°

The first clinically used bioresorbable polymer
was polyglycolic acid (PGA), a highly crystalline and
high-molecular weight molecule with limited clinical
use for osteosynthesis because of its susceptibility to
rapid degradation. Approximately 4-7 weeks after
implantation, a duration which is insufficient to allow
complete bone healing, PGA loses its mechanical
strength in vivo. In addition, the side effects of PGA have
been detected during its clinical use; these are due to the
difficulty in clearing the accumulated acid degradation
products. These negative effects have resulted in the

minimal use of pure PGA in osteosynthesis.?
Polylactic acid (PLA) is another
high-molecular-weight  bioresorbable polymer; its

optically active carbon in lactic acid generates 2
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stereoisomeric forms, namely poly- L -lactide (PLLA)
and poly- D -lactide (PDLA). Since the early 1990s,
PLLA has been used as an osteosynthesis material. >’
Due to its crystallinity and hydrophobicity, PLLA is
fairly resistant to hydrolysis, and thus bioresorption
with complete loss of its strength in vitro does not occur
within the first 2 years of implantation. PDLA, on the
other hand, has a lower crystallinity and is less resistant
to hydrolysis. Because of its slower degradation rate,
PDLA has been reported to be highly biocompatible,
although crystalline particles resistant to degradation
may elicit some inflammatory response. 2’

By copolymerization of different derivatives of
a-hydroxy acids, a variety of different mechanical
qualities and degradation rates can be achieved.
Copolymers of L -, D -lactides, for example, SR-P(L/
DL)LA 70/30, a copolymer composed of 70% PLLA
and 30% PDLA, loses all its strength in vitro after 48
weeks of implantation.”® Copolymers of L -lactide and
glycolide (PLGA) have been extensively used owing
to the wide range of physiochemical properties of the
components.?’

Advantages and disadvantages of resorbable
implants: The main advantages are easy handling and
contourability, smooth surface and smooth edge, do
not necessarily require rigid fixation, ideal for pediatric
fractures, thin and can be applied in multiple layers in
larger orbital volume displacement and without late
implant related complications as infection, migration
and extrusion. ¢

On the other hand, these materials can be radiolucent
on postoperative imaging. °Some authors believed it
may not provide enough support to orbital contents in
large fractures and demonstrated an increase in orbital
volume as a late complication. 3°

In a RCT, the administration of an absorbable
copolymer of PLA and PGA had functional and
aesthetic outcomes and complications
auricular cartilage implants in orbital blowout fractures
with or without medial wall involvement. 3! In addition,
PLA 70/30 plates were studied in a controlled trial and
showed similar surgical outcomes and complications as
compared to autografts in category Il and I1I floor defects,
without MRI evidence of foreign body reaction.?

similar to

Discussion

Depending characteristics of the different materials
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of orbital implants, it was feasible to postulate clinical
recommendations for materials in specific cases.

Treatment algorithm for orbital wall fractures®:

1. Small-sized, low-complexity defects (class I): Most
materials are suitable; biological behaviour is most
important and resorbables may be used in these
cases.

2. Medium-sized, medium-complexity defects (class
I): Apart from the bio-logical behaviour of an
implant, the experience of the surgeon with specific
types of orbital implants will benefit the outcome.
Various materials can be used, from autologous
materials to alloplasts.

3. Large-sized, high-complexity defects (classes I1I-
VI): Stability and contour become more significant
and pre-bent or patient-specific titanium mesh is the
preferred reconstruction material.

Conclusion

The debate on the clinical recommendations for
orbital reconstruction material will likely continue
because of the absence of RCTs and best practice
clinical studies. Controversy exists regarding the best
material features, which can be defined broadly by
whether the implant is: (1) autogenous or allogenic, (2)
non-resorbable or resorbable material and (3) malleable
or preformed anatomical plates.
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