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—ABSTRACT

The management of orbital fractures is one of the most interesting and difficult areas in facial tmuma.\
The consequences of an orbital fracture are sometimes dramatic. They include varying types of defects
from a loss of vision to diplopia, loss of an eye, epiphora, a disturbing loss of facial sensation, or even an
unacceptable appearance of the eye and the hard and soft tissues around it. The controversies surround-
ing orbital fractures, and orbital floor fractures in particular include the following: the timing of primary
surgery (early or late), bone grafting versus alloplastic materials, the management and prevention of
diplopia, the prevention of enophtalmos, the management of infraorbital nerve numbness or dysesthesia.
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INTRODUCTION

he orbital floor is one of the parts of
the maxillofacial skeleton that is fre-
quently damaged in facial trauma,
because of its ability to fracture se-
lectively similar to a safety valve, al-
lowing the dissipation of energy when orbit is
struck. Can be considered as an evolutionary
masterpiece, contributing to the orbit™s prima-

ry role of protecting the globe in combination
with the strength of its lateral walls (1).

Orbital floor fractures occur in both adult
and pediatric populations. However the char-
acteristics of the fracture, physical and radio-
graphic findings, and course of recovery differ.
Linear nondisplaced orbital floor fractures
with inferior rectus muscle entrapment occur
in pediatric population, with minimal trauma
and few external signs of injury. All affected
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eyes demonstrate significant limitation to ele-
vation associated with diplopia, and despite
prompt surgical repair, limited elevation and
depression occur in the early postoperative pe-
riod, possibly due to a compartment syndrome
with raised pressure in the muscle sheath ,
hemorrhage and ischemia. Recovery of normal
ocular motility may take weeks or month. CT
evidence may be minimal in these cases (2-4).

In adult population — orbital blow-out frac-
tures are characteristic and result in orbital vol-
ume expansion, with the orbital contents sag-
ging into the maxillary sinus. Initially,
enophthalmos (or sunken eye) and diplopia
may not be apparent but, with clearance of
hemorrhage and resolution of edema, the con-
dition may be manifested. The decision to un-
dertake surgical repair or reconstruction of
these defects is based on functional limitations
(impaired ocular motility, infraorbital anesthe-
sia) or cosmetic deformity. Defects of 25% or
less of the surface area, without entrapment,
generally heal uneventfully without interven-
tion. Repair of intermediate defects of 25% to
50% is based on degree of displacement,
amount of volume expansion and any co-exist-
ing enophthalmos, even with edema. Larger or
comminuted defects (greater than 50%) with
significant disruption are best treated with early
repair (within 7 days) because some degree of
enophthalmos or diplopia is the norm when
left unrepaired (5).

The main goal of orbital floor fracture repair
is to restore the orbit to its preoperative status,
which involves repositioning the herniated or-
bital tissues in the orbit and repairing the trau-
matic defect while preserving the orbital vol-
ume. The three-dimensional shape of the
orbital walls in combination with a weak bony
framework and close proximity to delicate ana-
tomic structures define the challenges of the
reconstructive procedure (6,7).

Principles of surgical treatment

Patients with isolated orbital floor fractures
can be followed clinically initially. If surgery is
needed, it is usually planned for 7-14 days after
the trauma. Waiting allows time for spontane-
ous improvement, precise surgical planning,
and resolution of swelling associated with the
initial trauma because a too edematous orbit
cannot allow an effective repair. Delaying sur-
gery for over 14 days results in increased scar-
ring of the orbit.

Tiranium PREFORMED IMPLANTS IN ORBITAL FLOOR RECONSTRUCTION

Specific indications for surgical repair:

* restrictive strabismus

* enophtalmus >2 mm

* CT evidence of muscle entrapment

* Oculocardiac reflex

* Hypo-ophtalmos

* Large floor fracture >50%, based on CT
estimate of fracture size

Principles of surgical repair:

e Exposure

* Isolate the orbital soft tissue

* Restore orbital volume

* Provide a stable platform for soft tissue

to rest

Usually, the fracture of the orbital floor is
comminuted and bone fragments are missing,
therefore one is reconstructing missing bone
rather than reducing bone fragments.

There is hardly any anatomic region in the
human body that is so controversial in terms of
appropriate material used for fracture repair
(8,9). There are different preferences of im-
plant material depending on variations in
schools of teaching, socio-economic factors
but there is a paucity of evidence to support
the ideal choice of an orbital implant.

In the past, the use of autogenic bone has
been the gold standard in orbital wall recon-
struction. Usually calvarial bone was used due
to maximal biocompatibility and low cost.
However, the harvesting of autogenous bone is
associated with donor site morbidity, variable
degree of resorption, prolonged total operating
time, postoperative pain, scaring. Also autolo-
gous bone grafts are usually rigid and cannot be
bend to match the concave-convex shape of

FIGURE 1. Titanium preformed floor plate.
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the orbital floor, and provide less drainage from
the orbit than with titanium (10-12).

Porous polyethylene sheets (PPE) — pres-
ents the advantage of easy contouring and
smooth edges, but are not radiopaque and can
present a lack of rigidity in heavily displaced
fractures with massive tissue herniation into the
maxillary sinus. However, infection is the most
disastrous complication with the use of the PPE
in the orbital wall reconstruction (13).

FIGURE 2. CT.
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FIGURE 3. Orbital floor reconstruction.

FIGURE 4. Preoperative aspect.
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Composite of porous polyethylene and ti-
tanium (Medpor) are increasingly being used
to prevent postoperative enophthalmus, but
that are recent reports that show the risk of late
complications such as infection, diplopia and
implant migration associated with them.

An alternative resorbable material consist-
ing of stiff sheets of pure polyglactin — polydiox-
anone (PDS) implants (Ethysorb) to bridge
small-to-moderate defects has been described.
After resorption of the implant, the resulting
scar might not be stiff enough in all cases to
provide adequate support for the globe and to
prevent sagging of the periorbita into the maxil-
lary sinus. Another drawback of pure PDS was
that degradation may lead to an inflammatory
reaction involving the surrounding periorbita,
with possible scar formation and consecutive
functional motility disturbances of the globe,
leading to recurrence of diplopia (14).

Preformed titanium meshes. Orbits recon-
structed with titanium mesh show better results
than those reconstructed with bone grafts (15-
18). It is malleable and therefore easily adapted
to the shape of the orbital defect and it is the
most biocompatible of all available material.
Because of the mesh structure (Figure 1), con-
nective tissue can grow around and through
the implant and prevent migration. It is also
preferred in significant fractures with large de-
fects. However this has the potential disadvan-
tage of making the implant very difficult to re-
move if required.

Case report

A 54 year old man sustained a left orbital
fracture after a human assault. Immediately af-
ter the injury, the patient noticed diplopia and
discomfort in all fields of gaze. At the initial ex-
amination, there was important periorbital
edema, ecchymosis, marked limitation of infra-
duction and supraduction of the right eye and
associated pain and diplopia in all fields of
gaze, complete anesthesia in the left V2 nerve
territory. In addition, there was 2.5 mm of right
enophtalmos — measured with Hertel exophtal-
mometer.

A preoperative computed tomography (Fig-
ure 2) scan showed an extensive fracture of the
right orbital floor with major herniation of the
orbital soft tissue in the maxillary sinus, of pure
type. The clinical and radiographic findings
supported the diagnosis of entrapment of the
inferior rectus muscle.



At surgery, the orbital wall was approached
subtarsally, with a dissection carried in a prese-
ptal plane. After subperiosteal dissection to ex-
pose the orbital floor, the herniated tissue was
repositioned within the orbitand a 25 mm x 16
mm x 0.85 mm titanium floor plate was posi-
tioned over the bony defect (Figure 3). An in-
traoperative forced duction test was performed
to ensure the release of the incarcerated infe-
rior rectus muscle. The periosteum was meticu-
lously sutured at the orbital rim.

Postoperatively, the patient received intra-
venous antibiotics (Cefuroxime 1g IV every 12h
for 5 days), systemic corticosteroids (Dexa-
methasone 4mg/ml per day for 5 days). The
patient still had diplopia during the first week
of follow-up, perhaps owing to the initial mus-
cle and soft tissue edema, thereafter, the duc-
tions of the right eye normalized, and the dip-
lopia resolved by the end of the first month of
follow up (Figure 4, Figure 5).

The follow-up was extended 6 months after
the titanium mesh was implanted, and the clin-
ical assessment demonstrated good biocom-
patibility, good overall support of the orbital
contents without the relapse of enophtalmus
and no signs of local inflammatory reaction.

Surgical repair was performed using a sub-
tarsal approach, and preformed titanium orbit-
al floor implants (Stryker-Leibinger) secured
with titanium screws at the infraorbital rim.

The lower eyelid offers numerous incision
opportunities for exposure, based on skin
creases at this level. They include — subciliary,
subtarsal, and infraorbital incisions. Except for
the infraorbital incision, the other two offer an
exceptional healing, with almost no chance of
hypertrophic scar.

After the transection of the orbicularis mus-
cle, the dissection is performed in a preseptal
orbital plane in order to avoid the herniation of
the orbital fat in the operating field. At the in-
fraorbital rim level, the periosteum is incised
and the raised so that wide access to orbital
floor is obtained.

The preformed titanium implants offer the
advantage of minimal contouring and stability.
The implant is trimmed off to protect the soft
tissues, and contoured to achieve the required
shape in order to accommodate key anatomi-
cal structures (nasolacrimal duct, infraorbital
nerve and optic nerve). It is advisable not to
extend the implant further posterior than 1 cm
anterior to the optic canal entrance. Under ad-
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FIGURE 5. Postoperative 7 days.

equate retraction of the intraorbital soft tissue,
the mesh has to be positioned so that proper
and stable recontouring of the orbital wall re-
sults. Care has to be taken that neither orbital
fat nor muscles are entrapped. During the in-
sertion process, the mesh may require rotation
in order to be properly positioned. Once in
place, the mesh is fixed over the orbital rim to
prevent migration. After the implant insertion it
is imperative to perform a forced duction test
in order to assure that the implant has not cre-
ated a decrease in ocular motility (19,20). O

DISCUSSION

Orbital floor fractures are one of the most
common injuries observed in the middle
facial region. One of the most important points
of reconstruction of orbital wall fractures is res-
toration of normal orbital volume.

Numerous articles have been published on
the subject of orbital tissue reconstruction. The
ideal material for orbital reconstruction remains
controversial. Numerous materials are avail-
able at present including lyophilized dura,
polyethylene or polydoxanone sheets, titanium
mesh and autogenous one graft. The more
elastic materials are not capable of withstand-
ing the dynamic stresses of large bony orbital
defects; resorbable implants are prone to pro-
duce foreign body reactions, implant exposure
may occur and only fibrous connective tissue
remaining after resorption. The disadvantages
of autologous bone graft include minimal con-
tourability and donor site defects.

Titanium mesh has o long track record in
the reconstruction of large orbital defects and
correction of globe malposition. Advantages of
titanium mesh plates are availability, easy intra-
operative contouring and rigid fixation (21).
Disadvantages include difficulties with ease of
insertion, as rough or irregular edges on the
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mesh tend to catch on adjacent soft tissues. In-
traoperative bending and repetitive removal of
titanium mesh for orbital reconstruction may
cause damage to the orbital soft tissue. Using
preformed implants for orbital reconstruction
in larger defects, avoids the time consuming
and traumatic intraoperative bending and ad-
justment of the implants.

Four patients with pure orbital floor frac-
tures and diplopia were treated by osteosyn-
thesis of the fractures using preformed titanium
implant between January 2011 and January
2012. All four patients had double vision par-
ticularly on extreme downward and upward
gaze. Two patients were operated on immedi-
ately after the injury and two after approxi-
mately 7 days because of the extensive perior-
bital swelling on admission. All presented
extensive fractures with multiple fragments
projected into the maxillary sinus cavity. The
orbital floor was exposed via a subtarsal ap-
proach, and the infraorbital nerve was located
and protected before plating (Table 1).

Postoperative clinical, RX and CT scan veri-
fied the anatomical reduction of the orbital
floor. None of the patients had diplopia or
enophtalmos postoperatively and there was no
displacement or resorption of the orbital floor
or loosening of the screws 6 months after the

operation, and no modifications in the visual
acuity.

Nowadays computer assisted methods by
creating an orbital model based on the data of
the virtual orbital reconstruction, permit pre-
cise performing of individual titanium mesh
implants for a 3D reconstruction of the orbital
cavity (with or without the use of a stereolito-
graphical resin based model) (22-24). The ide-
al form of the injured orbital cavity is recalcu-
lated using the mirror image of the unaffected
side. This method facilitates the quick subperi-
osteal placement of the implants, without the
repetitive trial fitting of the titanium mesh,
therefore, the procedure is less traumatic to the
periorbital tissues. O

CONCLUSION

he placement of preformed orbital implants

for the reconstruction of extensive orbital
defects proved to be less time consuming and
more precise compared to “free hand” recon-
struction efforts of orbital injuries using titani-
um mesh, calvarial or iliac grafts, and also the
time and costs are significantly lower compared
with the use of stereolitographyc models. 1
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Unchanged 1 Unchanged upper Persistant extreme
Diplopia 4 patients Improved 3 gaze 2 upper gaze 1
Worse 0 Normal 2 Normalized 3
Enophtalmus >2 mm 2 patients Improved 4 Absent 4 =
Unchanged 2 Persistant at the
V2 anesthesia 4 patients & Improved 4 upper lip 2
Worse 2 ;
Normalized 2
Hypoglobus 1 patient Improved Absent 4 -
TABLE 1.
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