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Orbital fractures are common fractures of the midface. As such,

numerous techniques and materials exist for the repair of this region,

each with inherent advantages and disadvantages. But does the ideal

implant material exist? Should we stop and simply use readily avail-

able materials, or should the cycle of need and discovery continue? 

A comprehensive review of materials used in orbital reconstruction and

possible new directions in orbital floor reconstruction are presented.
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fracture

Matériel actuellement utilisé pour la recons-
truction du plancher orbital

Les fractures orbitales sont des fractures courantes qui peuvent souvent

affecter le milieu du visage. C’est pourquoi il existe autant de techniques

et de types de matériel pour en effectuer la réparation, chacun comportant

ses inconvénients et ses avantages. Mais, disposons-nous de l’implant

idéal? Devons-nous simplement nous contenter du matériel existant ou

vaudrait-il mieux poursuivre sur la voie de la recherche et du développe-

ment? Le présent article fait une revue exhaustive du matériel actuelle-

ment offert pour la reconstruction orbitale et des nouvelles orientations

possibles pour ce type d’intervention.

Fractures of the orbit are among the more common fractures
of the midface. As such, there exists a great deal of litera-

ture evaluating reconstruction of this region. There is still
much debate about many aspects of the treatment of these
injuries given the multitude of available materials and tech-
niques for reconstruction.

Orbital fractures are the result of energy transmitted in the
form of pressure or through direct mechanical stress to the
orbital walls. As in most systems, it is the weakest area that will
give in to such a load. This most commonly involves the medial
wall and/or the orbital floor. A defect in these walls creates an
opening into the ethmoid and/or maxillary sinuses through
which orbital fat and other orbital contents can herniate,
thereby increasing the orbital volume. This increase in volume
has been shown to correlate linearly with the degree of enoph-
thalmos that results from the injury. If orbital contents are
pushed inferiorly, the globe should follow and result in
hypoglobus. As well, extraocular muscle entrapment can
occur, resulting in motility disturbances and diplopia. Other
complications include nerve and vessel injury, and injury to
the lacrimal system.

As with any soft tissue trauma, inflammation and edema are
expected sequelae. Soft tissue swelling creates a dilemma for
the treating clinician because it may compensate and mask the
increase in orbital volume. As the swelling subsides, the degree
of globe displacement becomes more apparent. Therefore, the
decision to operate and the timing for surgery rely on clinical
and radiographical evidence in the management of orbital
fractures (1,2). Numerous studies in the literature have evalu-
ated the timing and method of repair.

Approaches to the repair of orbital floor fractures include
transconjunctival, subciliary, mid-lower eyelid, infraorbital
and, more recently, endoscopic transantral approaches (3,4).
Good exposure and adequate repair of the orbital wall defect
have been proven possible in all of the above. However, there
continues to be extensive discussion as to which approach has
the best outcomes when complication rates, such as ectropion
and scleral show, are evaluated.

Aside from surgical timing and the approach used, a third,
equally important, factor in the management of orbital fractures
remains the choice of the material used in the reconstruction.
There exists an impressive number of publications describing
orbital fracture repair with a considerable variety of materials
that are autogenic, allogenic or alloplastic in nature. Because
direct comparisons of the materials used are rare, it would be
difficult to draw formal conclusions as to which material is best
suited to repair these injuries. Surgeons choose materials they
believe will give the best results with the lowest complication
rates. The statements made in each publication are usually sup-
ported by the data presented to variable degrees, but each sur-
geon or group of surgeons has likely developed an expertise
using a given material.

Regardless of the choice of material used in the repair,
objective advantages and disadvantages must be weighed when
one material is chosen over another. The present review will
address these issues in a comprehensive and objective manner.
The objective was to review the literature and discuss the vari-
ous materials used in orbital floor repair, with emphasis on the
advantages, disadvantages and possible new directions for bio-
material evaluation.

REVIEW
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MATERIALS AND METHODS
A MEDLINE search was undertaken with key words including

orbital blowout/floor fractures, complications and the various

implant materials used in the repairs. The search was narrowed by

searching for articles specifically investigating graft materials with

outcome evaluations following clinical use.

RESULTS AND DISCUSSION
The general goal for orbital wall reconstruction is to restore
the normal anatomical relations of the internal orbit while
avoiding complications of the procedure and implant. Given the
large number of graft materials available for orbital fracture repair,
it is therefore important to analyze these materials within their
respective categories. Grossly, graft material can be divided into
autologous grafts, allogenic materials and alloplastic materials.
Autologous grafts include bone and cartilage of varying origin.
Allogenic materials include irradiated bone, lyophilized carti-
lage and lyophilized dura. The list of alloplastic materials is long
and requires further subdivision into porous (nonmetallic), non-
porous (metallic) and resorbable materials (Table 1).

Autologous materials
Bone grafts for the orbital floor have long been considered the
standard treatment for orbital fracture repair. The principle of
this approach requires an appropriate amount of autologous
bone harvested from a donor site, which is shaped and inset to
provide a rigid structural support in reconstructing the defect.
Bone grafts have regained the favour of many craniofacial sur-
geons due, in part, to their biocompatibility. Donor sites include
the split calvarial bone graft, rib, maxillary wall, mandibular
symphysis, iliac crest, antral bone and coronoid process (1,5-11).
The grafts can be placed as onlay grafts (12), fixated with a
plate and screw (13), fixated with a lag screw or fixated in con-
junction with an alloplastic material, such as titanium mesh or
porous polyethylene sheets (14,15) (Figures 1-5).

The advantages of autologous bone are its inherent strength
and rigidity, and its vascularization potential (5). Because
autologous bone grafts are incorporated as living tissue and do
not elicit an immune reaction to self-antigens, foreign body

reactions such as infection, extrusion, capsule formation and
ocular tethering are minimized (5).

However, the use of autologous bone is associated with sev-
eral less favourable aspects. First, bone is not always easy to
form into the desired shape and can break if it is bent beyond
its capacity. In 2003, Ellis and Tan (16) demonstrated better
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TABLE 1
Graft materials available for orbital fracture repair

Autologous materials Allogenic materials Alloplastic materials

Bone Irradiated bone Nonmetallic, permanent

Cartilage Lyophilized dura Silastic sheets

Fascia lata Lyophilized cartilage Bioactive glass

Periosteal Fascia lata Marlex mesh

Bovine bone Porous polyethylene

Teflon

Metallic, permanent

Titanium

Vitallium

Resorbable materials

Polylactic/polyglycolic 

acid copolymer

Polydioxanone

Polyglactin 910 

polydioxanone

Figure 1) Tensor fascia lata graft

Figure 2) Split thickness cranial bone graft

Figure 3) Composite photograph of titanium implant with postopera-
tive computed tomography scan
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accuracy of reconstruction using titanium mesh than with cra-
nial bone grafts. For large defects with fractures of multiple
walls and disruption of bony buttresses, it is not always possible
to use autologous bone as the sole material.

One of the major concerns of bone grafts is unpredictable
graft resorption (13,17-19). Bone grafts will resorb to a certain
degree over time; however, the degree of resorption can be quite
variable and, at times, unpredictable. The literature supports
various methods for reducing bone resorption. Bone of mem-
branous embryological origin is less prone to resorption than is
bone of endochondral origin (18,19). As well, cortical bone is
many-fold more resistant to resorption than is cancellous bone
(12). Another method to decrease graft resorption is via rigid
fixation of the graft (13,17,18), which likely facilitates
ingrowth of the surrounding tissue and accelerates vasculariza-
tion. The question of whether the use of a titanium mesh plate
with a bone graft would increase graft resorption was answered
with a histometric study (15) that showed no difference in the
resorption of grafts with or without titanium mesh.

Further issues with autologous bone graft use relate to the
harvesting of the graft from a remote donor site, including an
increase in operating time and time under general anesthesia.
As well, donor site morbidity is a concern. For the most part,
the donor graft is harvested with few complications (5).
General risks for the harvesting of a donor site include infec-
tion, hematoma, seroma, neurovascular injury, use of drains,
increased time of recovery, increased postoperative pain, a
bony defect at the donor site and an additional surface scar.

Certain donor sites are associated with site-specific compli-
cations. Rib grafts have been associated with pneumothorax
and split calvarial bone grafts have been associated with dural
tears, subarachnoid hemorrhages and intracerebral hematomas.
In addition, there has been a case report of hemiparesis follow-
ing an intracranial bleed (6,7).

Another frequently used source of donor tissue for orbital
floor reconstruction is cartilage. The more commonly used autol-
ogous cartilage grafts include nasal septum, rib cartilage and ear
cartilage (5,20,21). As with autologous bone, infection, extru-
sion, capsule formation and chronic inflammatory reactions are
less prevalent than with alloplastic materials. Advocates of this
material report that, in addition to the above benefits, cartilage
is simple to harvest and shape, and provides adequate strength to
support local tissues. In addition, this support is long-lasting,
without evidence of resorption even after follow-up of
3.5 years (21).

The use of septal cartilage grafts was presented in a case
series (20) of 20 orbital floor reconstructions with reported
uncomplicated harvesting, minimal donor site morbidity and
a complication rate of 10%, where the complications were not
graft related (5% enophthalmos and 5% lower lid edema). As
well, the graft has been shown to resist warping with time and
provides excellent support. Conchal cartilage can be used to
fill defects smaller than 2 cm × 2 cm, and has the advantage of
the natural curvature of the concha fitting nicely with the
orbital floor (21).

Although autologous cartilage offers some unique benefits
as a graft material, its main limiting factor is donor tissue avail-
ability and, thus, its use should be limited for smaller orbital
floor defects.

Other autologous materials that have been employed in
orbital fracture repair include tensor fascia lata grafts and
periosteal grafts (22). Although the number of cases in the
literature is small (23), these grafts exhibit good results for
small- to medium-sized defects (up to 2 cm2) and complica-
tion rates comparable with the other more commonly used
materials.

Allogenic materials
Though less common in North America, some European cen-
tres have a preference for these materials (1). The advantages
over autologous grafts include the lack of donor site morbidity,
decreased operating room time, opportunity to prefabricate the
implant and availability of tissue.

The allogenic materials that have been used are human
dura matter, lyophilized cartilage, banked bone, fascia lata and
heterogenic bovine bone graft (23-29).

A study (25) of orbital reconstruction with lyophilized dura
on 55 patients demonstrated a one-year enophthalmos rate of
5.4% with no infections or extrusions. A review (26) of 77 iso-
lated orbital floor fractures repaired with the same material
reported a 20% enophthalmos rate without evidence of infec-
tion or extrusion.

Demineralized bone implants induce osteoconduction,
resembling autologous bone grafts. They induce chemotaxis
and differentiation of mesenchymal cells into chondroblasts.
The bone scaffold and cartilage then ossify. Neigel and Ruzicka
(24) reconstructed 31 traumatized orbits with demineralized
bone and reported no graft-related complications.

A series of 20 patients received bovine heterologous bone
grafts for repair of their orbital fractures (29). In vitro and
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Figure 4) Rib cartilage graft Figure 5) Split rib grafts
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in vivo biocompatibility studies demonstrated a good safety
profile and, for the 20 patients in this study, there was no evi-
dence of incompatibility, inflammation or infection.

While allogenic materials offer several attractive features,
there exist specific disadvantages to their use. The resorption
rate has been shown to be statistically higher than observed
with autologous implants (5). There is a more worrisome
potential complication with implants taken from a human
donor – the possibility of disease transmission, such as HIV and
the hepatitis C virus (30,31). In addition, the transmission of
Creutzfekdt-Jakob disease has been reported in cadaveric dura
transplantation (32,33). Taguchi et al (34) proposed a proce-
dure for the inactivation of this transmissible protein agent;
however, as the mean incubation time for the disease is esti-
mated to be 89 months and potentially longer, it would be dif-
ficult to prove its efficacy. The use of donor animals could
overcome this potentially lethal problem.

Permanent alloplastic materials
Subsequent to the development of a direct approach to the
orbital floor, a diverse group of alloplastic materials have been
used for reconstruction of the fractured orbit. Generally, allo-
plastic materials eliminate donor site morbidity, decrease oper-
ative time and are readily available. There are numerous
materials within this group and, as such, the major subgroups
of these materials will be addressed. These include permanent
implants, both metallic and nonmetallic, as well as the
resorbable materials. Many of these materials are available
both in simple sheets or perforated forms.
Silicone: The use of silastic implants and silicone sheets has
been extensively documented in the literature (35-42). The
positive attributes of this material include low cost, flexibility
and ease of handling, while providing adequate support in
maintaining orbital contents in large orbital floor fractures
(35). There are case series (41) that observed good results
without significant complications with silicone use. However,
the use of this implant material has been linked with compli-
cations. Several case reports (37-42) demonstrated a variety of
significant complications. This was further supported by labo-
ratory studies (36,38-42) demonstrating poor incorporation of
silicone at the cellular level. A series by Laxenaire et al (38) on
137 patients reported significant complication rates, where
13.8% of the patients required removal of the implant.
Silicone sheets seem to be more prone to the production of a
fibrous capsule around the implant, quite similar to that which
occurs with breast implants. Due to the orbit’s proximity to the
mucosa of the maxillary and ethmoid sinuses, the formation of
a capsule is a significant risk factor in the development of fis-
tulas, sinus tracts, cysts and infections.
Bioactive glass: Bioactive glass has had numerous studies sup-
porting its potential as an implant (43,44). It has been shown
to form a chemical bond with bone tissue and is osteoconduc-
tive. Kinnunen et al (43) found that following the repair of
28 orbital floor fractures (14 with bioactive glass implants and
the other 14 with cartilage), none of the patients in the bioac-
tive glass group developed implant-related complications.
Furthermore, they demonstrated better outcomes than the car-
tilage group, which developed three cases of diplopia, two cases
of infraorbital nerve parasthesia and one case of enophthal-
mos. Aitasalo et al (44), from the same centre, conducted a
retrospective review of 36 patients treated from 1995 to 1999
for orbital floor fractures that were repaired with bioactive

glass. In this series, there were no implant-associated compli-
cations; specifically, no resorption, infection, extrusion or dis-
placement of the implant at the one-year follow-up. As well,
computed tomography scan imaging qualitatively demonstrated
new bone formation around the implant.
Porous polyethylene: Perforated implant materials facilitate
tissue ingrowth and reduce foreign body type reactions, capsule
formation and capsule-associated complications. A commonly
used perforated material is porous polyethylene sheets or
Medpor (Porex, USA) (42,45-48). Dougherty and Wellisz (42)
compared silicone with porous polyethylene implants in an
animal model for orbital reconstruction. The polyethylene
implants exhibited vascular and soft tissue ingrowth through
the pores one week following implantation. Mature mucosal
growth was also observed. The silicone sheet demonstrated a
fibrous tissue reaction at one week and did not fixate to bone or
soft tissue. In 1993, Romano et al (46) used porous polyethyl-
ene in 140 patients with facial fractures. This material was
reported to be easy to work with and the authors observed soft
tissue ingrowth with virtually no soft tissue reaction. In their
series, there was one case of implant infection requiring
removal. Used more specifically for orbital reconstruction,
Villarreal et al (47) published their experience with porous
polyethylene. In their series of 32 patients, the authors treated
four patients with postoperative infections: two of them with
cutaneous fistulas and two resolved with systemic antibiotics.
One of the four required bone sequestrum resection and one
required implant removal. A more general study (36) that
examined postoperative infections in craniofacial procedures
demonstrated a higher infection rate with the use of porous
polyethylene implants, particularly when positioned through
the transoral route. This may be of significance because orbital
implants are similarly exposed to a mucosal surface, offering an
explanation for the higher infection rates in the study from
Villarreal et al (47).
Titanium: Titanium is a metallic alloplast that has received
much attention in the area of craniofacial reconstruction. It
has already proven its worth in dental implants, bone screws
and prosthetic implants. A rigid, yet malleable material, the
physical properties of titanium make it ideal for the recon-
struction of large defects requiring structural rigidity and
strength (49-56). Another attractive feature of titanium is its
ability to osseointegrate (54,55). A study by Schubert et al
(53), using endoscopic visualization and biopsies, examined
the incorporation of soft tissue into titanium mesh for orbital
and midface reconstruction in eight patients. Soft tissue bud-
ding was evident approximately one month postoperatively,
with almost complete incorporation of the implant with a
mucosal type epithelium before the two-month mark.
One patient demonstrated soft tissue coverage at 15 days.
Chronic inflammation, however, was noted in these patients
during the course of 31 months. A larger study involving
55 patients with 67 orbital fractures, conducted by Gear et al
(51), demonstrated that titanium implants maintained ade-
quate reduction for orbital defects larger than 2 cm. This series
reported one case of abscess in a patient who received high-
dose steroids preoperatively. The patient was successfully
treated with incision and drainage and concurrent systemic
antibiotics. No other implant-related complication was
reported after a mean follow-up of 44 months. Sargent and
Fulks (52) reconstructed 57 orbits with vitallium mesh (a tita-
nium alloy) with no infection after nine months, even with free
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communication between the implant and paranasal sinuses
(52). Mackenzie et al (49) reconstructed 51 orbits with titanium
and reported only one case of enophthalmos without any infec-
tion after nine months of follow-up. Ellis and Tan (16) com-
pared cross-sectional areas of reconstructed traumatized orbits
with the unaffected contralateral orbit. They reported a signifi-
cantly improved accuracy of reconstruction in orbits recon-
structed with titanium than with bone grafts. Long-term
follow-up for these cases has yet to be reported.

Resorbable alloplastic materials
Generally, it can be stated that permanent alloplastic materials
are easy to work with and provide good correction of orbital
fractures; however, when complications arise, the problems are
difficult to overcome and frequently necessitate removal of the
implant. Resorbable materials offer the benefits enjoyed by
alloplasts, but theoretically eliminate a chronic foreign body
reaction and long-term sequelae.
Gelatin film: Gelatin film is manufactured from denatured col-
lagen. In an animal model using cats with surgically created
orbital defects, gelatin film was compared with silicone sheets
for orbital repair (57). The gelatin film demonstrated decreased
implant migration, less inflammatory response and improved
healing. A series of 16 patients, presented by Mermer and
Orban (58), following the use of gelfilm showed no implant-
related complications and showed what the authors described
as acceptable postoperative radiographical results. The defects
in their series were small, under 5 mm in size.
Polyglycolic acid: Biodegradable polyglycolic acid (PGA) is
another option as an implant material. PGA loses its structural
integrity by two months and is 95% resorbed by nine months.
In 1994, Hatton et al (59) evaluated in vitro growth of bone
cells around silicone membranes and PGA. After two weeks in
culture, although bone cells were easily dislodged from the sil-
icone membrane, they penetrated the PGA membrane and
deposited a calcified collagenous material within the mem-
brane as this membrane underwent resorption. In 2001, Balogh
et al (60) presented a series of 18 patients with fractured orbits,
with a 24 month follow-up in 10 of these patients. Their series
demonstrated no migration of implants, well-corrected orbital
volumes and a sole complication of a transient palpebral
inflammation that resolved spontaneously. Furthermore, they
reported that this material was easy to work with and easily
malleable once heated. Five patients with orbital floor defects
were repaired via a transantral endoscopic approach using
polylactic/polyglycolic acid sheets and demonstrated no
graft-related problems (61). Hollier et al (62) used this same
material for larger orbital floor defects (over 1 cm2). Of
12 patients, nine presented to follow-up after an average of
six months. Of these, one patient developed an inflammatory
reaction requiring the removal of the implant and two
patients developed enophthalmos. Their recommendation
was that resorbable implants should not be used for larger
defects.
Polydioxanone: Polydioxanone is a synthetic biodegradable
polymer. It is currently used as suture material that resorbs
approximately six months following implantation. In a study
by Piotrowski and Mayer-Zuchi (63), 85 patients with orbital
floor defects were corrected using a polydioxanone polymer.
They reported adequate reconstruction in 83.5% of the
patients (63). A smaller study by Baumann et al (64) recon-
structed 31 orbits using polydioxanone. In their series, one

patient required removal of the implant due to hematoma
and residual diplopia, and a second patient required partial
removal of the implant due to extrusion with subsequent
bone grafts to correct an enophthalmos. As well, they reported
that  seven patients (22.6%) developed enophthalmos. The
preoperative to postoperative diplopia rate decreased from
25 patients to 10 patients six months postoperatively. Five of
the patients who developed enophthalmos had orbital defects
larger than 2.5 cm. The authors attributed the enophthalmos
to the resultant scar being unable to adequately support the
orbital contents. In a series (65) of 16 patients (10 patients
with pure blowout fractures and six patients with associated
zygomatic fractures), the defects were corrected using poly-
dioxanone. The authors reported an increasing rate of
enophthlamos as follow-up increased, reaching 37.5% of
patients by the 36-week mark. Fibrotic sinuses filled with gas
and fluid occurred in three cases and one case, respectively.
Finally, one patient developed a maxillary sinusitis requiring
removal of the remaining implant fragments 16 weeks post-
operatively. The authors of this study recommended this
material not be used for orbital repair. Recently, a compara-
tive study by Jank et al (66) corrected orbital floors with
lyophilized dura (n=120), polydioxanone (n=81) and
Ethisorb (Johnson and Johnson, USA) (n=136). The authors
reported an enophthalmos rate of 1% in all three groups, and
did not find any statistical difference among the three groups
for other parameters, including exophthalmos, reduced bul-
bous motility and diplopia. There were no reports of any
implant-related complications.

CONCLUSIONS
Most of the materials used in reconstructing the orbit have
proven useful and reliable in experienced hands.
Unfortunately, the ideal implant material for orbital recon-
struction still remains elusive. Autologous implants are
associated with potential donor site morbidity, and are in
limited supply. Allogenic materials exhibit increased
implant resorption and are plagued with the small, but
potentially lethal, risk of disease transmission. Permanent
implants leave the patient with a foreign body in close
proximity to mucosal epithelium. Currently used resorbable
materials are unable to provide an adequate skeleton for
new bone formation, with the resultant scar too weak to
support the overlying orbital contents. In addition, the
smooth surface of currently used resorbables has the poten-
tial to form a fibrous capsule, possibly resulting in capsule-
related complications.

The ideal material for orbital floor fracture repair is one
that is resorbable, osteoconductive, resistant to infection, min-
imally reactive, does not induce capsule formation, has a half-
life which would allow for significant bony ingrowth to occur,
and is cheap and readily available. At this time, the authors
propose a prospective evaluation of a multilayered collagen-
based matrix derived from porcine submucosa as an alternative
to current materials for orbital floor reconstruction.
Furthermore, a novel technique in fixation of the implant will
be examined. Preliminary laboratory data demonstrate this
material to be highly osteoconductive on a rat model (unpub-
lished data). Patients with pure orbital floor fractures will be
prospectively evaluated clinically and radiologically for aes-
thetic outcomes, orbital volumes and bony ingrowth at prede-
termined intervals.
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