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Abstract: Many specialists encounter and treat orbital fractures. The management of these
fractures is often challenging due to the impact that they can have on vision. Acute treatment
involves a thorough clinical examination and management of concomitant ocular injuries. The
clinical and radiographic findings for each individual patient must then be analyzed for the need
for surgical intervention. Deformity and vision impairment can occur from these injuries, and
while surgery is intended to prevent these problems, it can also create them. Therefore, surgical
approach and implant selection should be carefully considered. Accurate anatomic reconstruction
requires complete assessment of fracture margins and proper implant contouring and positioning.
The implementation of new technologies for implant shaping and intraoperative assessment of
reconstruction will hopefully lead to improved patient outcomes.
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Introduction

Fractures of the orbit are common and challenging to manage. They deserve special
consideration because surgical or observational management may result in compro-
mise to vision and/or globe position. Most orbital fractures occur in males in their
second decade of life."? In adults, motor vehicle accidents and assault are the most
common mechanisms of injury."* However, in pediatric patients falls and sports-
related injuries are more common.® Orbital fractures are often broadly referred to as
“blowout” fractures; however, not all orbital fractures are isolated orbital injuries.
Orbital fractures may be isolated, or combined, with other nonorbital injuries (head,
neck, and spine). Many maxillofacial injures involve the orbit, eg: 1) Le Fort IT and
IIT fractures, 2) zygomaticomaxillary complex (ZMC) fractures, and 3) nasoorbito-
ethmoid fractures.

Most surgeons describe the orbital fracture according to the location within the
orbit (floor, medial wall, lateral wall, and roof). However, this simplifies the often
complex nature of these fractures. Several classification schemes have been proposed
to define isolated, multiwalled, and comminuted orbital fractures, as well as, soft tissue
displacement.®? Essentially, having a classification scheme will improve intersurgeon
communication, provide guidelines for surgical management (indications and timing),
and establish a standard for research.

Conceptually, management of these injuries has changed little over the years.
However, advances in maxillofacial/orbital imaging, introduction of intraopera-
tive navigation systems, better evidence-based surgical indications and timing, and
improved implant designs have led to a reappraisal of time-honored techniques and
guidance. Although treatment considerations for orbital roof and medial wall fractures
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will be discussed, this review will primarily focus on chal-
lenges and solutions for orbital floor fractures.

Pathophysiology

Many hypotheses have been proposed regarding the pathogen-
esis of the “blowout” fracture. One of the oldest is the bone-
conduction theory, which suggests that a force, not powerful
enough to fracture the rim, will propagate along the bone to
fracture the weaker orbital floor (Le Fort). Pfeiffer proposed
the “Globe-to-Wall Theory”, which is when a force pushes the
globe into the orbit and causes the globe to contact the orbital
floor, resulting in a floor fracture.!® A similar and more popular
theory is the “hydraulic mechanism”, whereby the fracture is
the result of increased intra-orbital pressure from the eye
entering the orbit and not due to direct contact.!'? The cause
is likely a conglomeration or some iteration of all three.

Clinical evaluation

In patients with orbital fractures, associated ocular injuries
are present in up to 29% of the patients.'® It is imperative
that an eye exam is done promptly to mitigate the risk of
vision loss or vision compromise. Blindness associated with
orbital fractures has been reported at 0.7%—10%.'"""" The
complete eye exam is divided into eight parts: vision, eye
pressure, ocular motility, pupil exam, visual field, slit lamp
ocular exam, retinal exam, and external exam. Some of these
exam elements (vision, motility, and visual field) require a
cooperative and conscious patient. Fortunately, many of the
elements are not imperative in dealing with the emergent
acute stages of an orbital injury. When possible, the complete
eye exam should be done.

Typically, an orbital fracture presents with periocular
swelling, proptosis (acute stage), enophthalmos (later stage
and large fracture), ecchymosis, chemosis, V2 hypesthesia,
and subconjunctival hemorrhage. When faced with these
physical findings, one must perform an external exam of
the periocular tissue and determine globe integrity before
proceeding with ocular function testing. Any obvious globe
rupture or concern of one should initiate gross vision assess-
ment (if conscious), vaulted eye protection, orbital imaging,
and an immediate ophthalmology consult. If an eye surgeon
is not available, the patient should be referred elsewhere
urgently. Some signs of possible globe rupture are 360°
of subconjunctival hemorrhage, misshapen pupil (peaked,
corectopia), and flat anterior chamber.

If the globe is intact, the next most important exam
element is the eye pressure. Elevated eye pressure from
an orbital compartment syndrome (orbital swelling and

retrobulbar hemorrhage) can lead to optic neuropathy and
blindness. Traumatic optic neuropathy is reported to occur
in 3% of the isolated orbital fractures.'® If the eye pressure is
elevated, an immediate canthotomy and cantholysis should be
performed. Pressures below 40 mmHg can be treated with eye
pressure lowering drops. However, if conservative therapy
fails, a canthotomy and cantholysis needs to be considered.

A slit-lamp examination can be performed to further
evaluate the cornea and retina. This can detect associ-
ated injuries such as corneal abrasions, lens dislocations,
hyphema, commotio retinae, and retinal detachments.
Commotio retinae is one of the most common associated
ocular injuries in patients with fractures (22%), followed by
hyphema and corneal injuries."

Assessment of extraocular movement is even more impor-
tant in children due to the so-called white eye syndrome, in
which the eye looks otherwise completely normal except for
extraocular movement limitation. Since greenstick fractures are
more common in children, these fractures causing a trapdoor
effect and muscle impingement are more likely to be seen in the
pediatric population (Figure 1). These patients may also have
pain with eye movement, nausea, vomiting, and bradycardia
that can mimic the symptoms of a closed head injury.

In general, it is prudent to obtain orbital imaging in all
patients who suffer orbital trauma. Holmgren et al found that
12% of the trauma patients who had a head computed tomog-
raphy (CT) also had a maxillofacial fracture.!” Additionally,
he found that upon review of axial CT images of head, orbital
fractures were commonly identified."

Figure | Coronal CT imaging of a pediatric patient with a left orbital floor
greenstick fracture.

Note: The entrapped inferior rectus located within the maxillary sinus.
Abbreviation: CT, computed tomography.
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Imaging

CT imaging remains the gold standard for detecting and
defining orbital fractures. Imaging of the entire face is
recommended as concomitant fractures are commonly
encountered. Coronal and sagittal reconstructions (from
axial slice thickness <2 mm), and three-dimensional (3D)
rendering is recommended to optimize maxillofacial assess-
ment (Figure 2). The medial wall is best visualized in a bone
window axial view. The sagittal view allows for assessment
of the orbital floor and availability of the posterior ledge for
implant support. Both coronal and sagittal views can be used
to assess the orbital soft tissue and evaluate for fat herniation
or ocular muscle entrapment.

Clinical management

Following the diagnosis of an orbital blowout fracture (and
the ocular examination), the initial management is to prevent
further injury to the globe while determining if surgical
intervention is indicated. It is important to educate the patient
to avoid blowing their nose, as air from the sinonasal tract
can be forced into the orbit. This can result in an orbital
compartment syndrome that can cause blindness. Periorbital
edema can be lessened with cold compresses and by keeping
the head of bed elevated. Ensure that the eyelids can close
in order to protect the ocular surface, more specifically the
cornea, from exposure — ophthalmic ointment or a temporary
tarsorraphy may be needed.

Antibiotics

There are many studies detailing the use of antibiotics in
maxillofacial fractures, but very few that specifically assess
the use of antibiotics in isolated orbit fractures.?*?? After a

thorough review of the published studies, Mundinger et al
found no convincing evidence to support preoperative or
postoperative antibiotic use in upper or midface fractures.?
However, intraoperative administration of antibiotics is well
supported.?** Patients with preexisting sinus disease may be
at an increased risk for developing orbital cellulitis, as this
correlation has been reported in small series.?® Prospective
studies examining prophylactic antibiotic use are needed. At
present, the authors only use antibiotics intraoperatively.

Indications for surgery

Many orbital fractures do not lead to enophthalmos, diplopia,
or ocular motility dysfunction.?”? However, predicting future
outcome in the acute setting can be difficult. The decision
to observe a fracture or proceed with surgery is based on the
clinical exam findings, orbital imaging, and assessment of
the risk and benefit of either option. Indications for surgical
intervention can be separated into immediate versus delayed
repair.

Immediate repair

The oculocardiac reflex may be elicited in an orbital fracture
due to entrapment of the extraocular muscles. This can result
in pronounced bradycardia, vomiting, syncope, and even
asystole.? Thus, urgent surgery is necessary to release the
incarcerated tissues and relieve the stimulus. The oculocar-
diac reflex is more commonly encountered with trapdoor-
type fractures where a segment of bone is displaced, and
then hinges back to a more normal position, entrapping the
orbital tissues. This is more common in pediatric patients
presumably due to more elastic orbital bone.* It is also found
to be more commonly associated with entrapment of the

Figure 2 Example of an intraoperative CT scan used to evaluate placement of an orbital floor titanium implant.

Note: Coronal and sagittal reconstructions.
Abbreviation: CT, computed tomography.
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inferior rectus muscle.’® Jordan et al referred to these type
of injuries as “white-eyed” fractures, since the child may
have a normal-appearing eye until gaze restriction is found
on extraocular movement exam.’' Therefore, it is important
to carefully study the CT scans of patients exhibiting these
signs and symptoms, as the displaced extraocular muscle
on the other side of the bone may be missed on a cursory
review of the images.

Studies have shown that early intervention in cases of
muscle entrapment resulted in less postoperative diplopia.’'=’
It is suggested that the muscle may undergo ischemic injury
or become dysfunctional from fibrosis or neuropathic
injury.®® It can be difficult to assess true muscle entrapment
in the acute phase as most patients will have some degree of
movement restriction as a result of orbital swelling.** Forced
duction testing can help clarify if entrapment exists. Another
relative indication for immediate intervention is significant
enophthalmos at the time of injury. Very large bony defects
can displace the globe into the maxillary sinus. Certainly,
these cases warrant surgical repair to prevent long-term
enophthalmos, but some surgeons recommend early interven-
tion for this type of significant displacement.***

Delayed repair (within 2 weeks)
The majority of orbital fractures are managed initially with
observation, then surgical intervention, if indicated, within 14
days of injury. The delay allows periorbital edema to decrease,
which can assist in subsequent examinations and provides a
window for concomitant injuries to be addressed. Diplopia
is common in orbital fractures, but most improve within the
first 2 weeks following the injury. Indications for surgery
are enophthalmos (>2 mm), ocular motility dysfunction,
and persistent diplopia in primary gaze or reading position,
CT findings of ocular muscle impingement and over 50% of
floor involvement, progressive V2 hypesthesia, and abnormal
forced duction testing.333*3840 On initial presentation, these
exam findings may be difficult to obtain due to edema, patient
cooperation, and equipment limitations. The decision to pro-
ceed with surgery should rely on the collection of indications
found in both the clinical and radiographic assessments.
Enophthalmos becomes clinically noticeable between
eyesat 3 and 4 mm.*! A 5% increase in orbital volume (1 cm?)
may be enough to cause this finding.*®**** If enophthalmos
is not present clinically, the CT scan is used to subjectively
predict volume change based on fracture displacement and
fracture size. In general, this has been defined as displac-
ing more than 1 cm? or greater than 50% of the orbital
floor.?*343844 Fracture location is important as well. Burm and

Oh found 40% of medial wall fractures result in enophthal-
mos.* Furthermore, fractures at the junction of the medial
wall and orbital floor are particularly prone to development
of enophthalmos and chronic diplopia.*#46

The degree of bony disruption may not be the only pre-
dictor of developing enophthalmos or persistent diplopia.
Harris et al examined the amount of soft tissue herniation in
proportion to the size of the bony defect and found that when
the amount of soft tissue displaced was greater than the size
of the defect, surgery lead to better results.’ Furthermore,
disruption of the periorbital can be seen to result in changes
in the inferior rectus on CT. Rounding of the inferior rectus
on coronal CT is predictive of postoperative enophthalmos.*’
Thus, when the inferior rectus takes on a more vertical
orientation — when the height-to-width ratio is greater than
or equal to 1 — it is predictive of late enophthalmos.*’

Timing of repair

Deferring surgery until periorbital edema decreases affords
greater exposure and mitigates risk of compartment syndrome.
However, delay increases the risk that impinged orbital tis-
sues will develop fibrosis and cause chronic diplopia. In the
absence of indications for immediate repair, a 2-week win-
dow for repair has been supported in the literature, 333438444849
If there is a question of entrapment based upon CT or forced
duction testing, operative intervention within 48 hours, or as
soon as possible, should be considered.

Surgical management
Approach

The approach to the fracture site depends upon the type
of injury, surgeon experience, and available equipment.
Subciliary, subtarsal, and transconjunctival incisions are
the most commonly utilized. The subciliary approach has
been associated with a much higher complication rate, with
ectropion resulting in approximately 12.9% of cases.” The
subtarsal approach is associated with less ectropion and if
placed appropriately should not result in a conspicuous scar
(1%—3%).5"53 Most surgeons prefer the transconjunctival
approach to the orbital floor because there is no visible
scar and the complication rate is very low — less than 1%
in many series.** ¢ Medial wall fractures are difficult to
repair, though there are many approaches. Some of the most
common approaches are the transcutaneous (Lynch inci-
sion), transconjunctival inferior fornix, transcaruncular, and
endoscopic trans-ethmoidal. The transcaruncular approach is
very popular because it easily combines with the transcon-
junctival approach.
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Endoscopic approach

Interest in the endoscopic approach to the floor and medial
wall has increased as surgeons try to avoid eyelid com-
plications and improve visualization of the orbital walls.
Cheung et al recently reviewed nine studies involving
172 patients in which endoscopic approaches were used for
orbital wall fractures.’” No patients underwent conversion to
an open approach and the most common complication was
transient cheek numbness.*’

To gain access to the orbital floor, a sublabial approach
is utilized to open a window of bone in the anterior wall of
the maxillary sinus just below the infraorbital nerve. Angled
endoscopes are used to visualize the floor defect and the her-
niated orbital contents. Once the orbital contents are reduced,
stable circumferential bony shelves in the floor should be
identified, and a flexible implant (such as 0.85 mm porous
polyethylene) can be used to occlude the defect. Ducic and
Verret reported using the anterior maxillary sinus wall bone
as an autograft.*®

Medial wall defects require an anterior ethmoidectomy,
which requires some experience with endoscopic sinus
surgery. The use of powered microdebriders is discouraged
for these procedures in order to avoid inadvertent injury to
the orbital contents. Image guidance is particularly useful
in these cases. Again, thin flexible implants are commonly
used for reduction.

Endoscopic approaches can be technically challenging.
Evenifan eyelid incision is utilized for repair, the endoscope
can provide a valuable assessment of soft tissue reduction
and implant positioning. In orbital fractures combined with a
ZMC or Le Fort fracture where a bony defect in the maxillary
sinus already exists, using the endoscope to visualize the
orbital floor implant can provide confirmation of proper
placement (Figure 3).

Surgical technique

Concomitant orbital and maxillofacial fractures are repaired
in a particular sequence. The first step is to obtain a baseline
ocular motility by a forced duction test. The orbital rim is
exposed by one of the approaches mentioned earlier. Repair
of an orbital floor defect proceeds in a similar manner regard-
less of approach. Once the orbital rim is reached, dissection
continues in the subperiosteal plane into the orbit and then
along the orbital floor in a 20° cephalic direction. Deeper in
the orbit a malleable retractor is used to elevate the orbital
tissues and improve visibility to identify the orbital frac-
ture defect. Orbital tissue is frequently herniating into the
fracture. This tissue should be delicately approached from

Figure 3 Endoscopic view of the orbital floor from the maxillary sinus.

Notes: A porous polyethylene implant placed via an eyelid approach is assessed to
ensure no herniated orbital contents are remaining in the sinus and that the implant
is resting on bony ledges.

side-to-side, avoiding inadvertent penetration of the tissue
with the freer/elevator. Penetration into the tissue can expose
difficult to retract orbital fat, making visibility more cumber-
some. Segments of bone limiting elevation of soft tissue can
be removed to improve mobility of the orbital tissue back
into the orbit. Once the infraorbital nerve is identified, the tis-
sues above and medial to the nerve can be mobilized into the
orbit and separated from orbital floor bone fracture segments
and the maxillary sinus mucosa. Dissection is continued
until the entire orbital fracture ring can be identified and the
bone ledges deemed stable to support an implant (especially
important is the posterior ledge). The implant is then sized
and shaped to cover the fracture ring. The size of the implant
should not be significantly larger than the defect as this can
affect ocular motility and globe position.

In severe fractures, the posterior floor can be unstable
or unidentifiable, which makes implant positioning difficult
and increases the risk of postoperative ophthalmic functional
deficits. In these cases, it is recommended to use more rigid
implants that can be fixated to the infraorbital rim and can-
tilevered toward the posterior orbital fracture ledge. If the
implant is projecting too high, it can cause hyperglobus and
ocular motility problems. Additionally, if the implant is
positioned too deeply into the orbit, it can impinge the optic
nerve at the apex and cause vision loss.

Assessing reduction and implant

placement
While not a widespread practice, many surgeons advocate for
the use of early postoperative CT imaging to assess implant
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position. This allows the surgeon to address implant issues
earlier, but requires another trip back to the operative suite. Ide-
ally, intraoperative assessment would help solve this issue.

Many facilities have image guidance systems as their use
has become widespread in endoscopic sinus surgery. Preop-
erative planning using mirror-image overlay of the patient’s
normal orbit provides an on-screen guide for placement and
contour of the implant. The software to perform mirror-image
overlay is not available on all systems. However, even simple
image guidance systems can provide important information
such as verifying location of a posterior ledge or comparing
the slope of proposed implant placement to the contralateral
side. In 113 consecutive cases of complex orbital fractures,
Bly et al found the use of image guidance to significantly
decrease the incidence of postoperative diplopia and to
significantly reduce to need for revision surgery in fractures
that involved multiple orbital walls.®

Intraoperative imaging has the advantage of showing
the actual implant as it is positioned in the orbit, if a radio-
opaque implant, such as titanium, is used. Mobile CT scan-
ners have become much less cumbersome in recent years
and setup and scan times have been reduced to only a few
minutes. With these cone-beam units, coronal, sagittal, and
even 3D views can be created without a significant increase
in radiation exposure. While very thin bone fragments are
sometimes difficult to visualize, implant positioning is very
clear. In a recent study, Shaye et al found intraoperative CT
use to average approximately 14.5 minutes per case, and to
have prompted intraoperative revisions in 24% of maxil-
lofacial fracture cases.®

Postoperative care

Prior to discharge from the recovery room, basic visual
acuity should be assessed. While the patient should expect
to have pain and periorbital edema, instructions should be
given regarding symptoms of retrobulbar hemorrhage such
as worsening pain, sudden swelling, or vision loss. Elevat-
ing the head of bed will decrease postoperative edema. Cold
packs may provide some comfort early after surgery. Topical
ophthalmic ointments are helpful to moisturize the cornea,
especially if edema affects eyelid closure. No nose blowing
and avoidance of heaving lifting is recommended for at least
2 weeks following surgery.

Selection of implant material

Reconstruction of the orbit can be achieved using a wide
variety of implants (Table 1). As with any other type of
implant, materials for orbital reconstruction will vary in the
specific properties they possess and it will be the surgeon’s

assessment of the patient’s fracture, age, location, etc, that
will determine the material selection. Historically, autografts
were the preferred method for orbital reconstruction, while
alloplasts have gained popularity with improvement in mate-
rial engineering and biocompatibility, and now constitute the
most widely used implants for orbital reconstruction.

Autogenous materials
Autogenous bone
Although bone has good strength, no sharp edges, can be
fixed to adjacent bone and is radiopaque, it can have a vari-
able degree of resorption that can be problematic, and its lack
of pliability creates a significant difficulty for adequate mold-
ing into complex shapes.®' The calvarium, iliac crest, nasal,
maxillary, and mandibular bone have been used as donor
sites, with the first two being the most commonly used.®
Due to the close proximity to the operating field that
facilitates harvest and the intrinsic shape of the bone,
split calvarial grafts are commonly used. Data accrued in the
past 10 years have shown that the repair of orbital fractures
with calvarium is safe and has an acceptable reduction of
enophthalmos and diplopia, but results in less accurate recon-
struction of the intrinsic shape of the orbit with less precise
recovery of orbital volume.*>-% The authors do not recommend
it being used as primary means for reconstruction because of
the potential for donor site morbidity, but it could be consid-
ered in the setting of fractures in the growing skull.
Prospective outcomes for internal orbital reconstruction
using a free iliac bone graft were reported by Kontio et al on
24 patients. The technique was considered reliable and with a
low rate of enophthalmos and hypophthalmos. There was an
80% rate of bone resorption; therefore, slight overcorrection
may be necessary.*

Autologous cartilage

Septal and auricular cartilage have been used for reconstruc-
tion of orbital defects, but although they are completely
biocompatible, they provide limited structural support and
are prone to resorption. Studies have shown that the harvest
technique is simple, and there is minimal to no donor site
morbidity, with septal cartilage having better results than con-
chal cartilage due to the inherent shape of the graft.®>¢7:¢

Alloplastic materials

Titanium mesh

Titanium is highly biocompatible, easily adjusted to archi-
tecturally fit simple and complex orbital defects, provides
strong support, does not alter its shape or location over
time, and it can be easily fixed to adjacent bone. It has
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Table | Advantages and disadvantages of the most common implants used for orbital reconstruction

Disadvantages

Indications

Titanium mesh

Porous polyethylene

Resorbable sheeting

Patient-specific
implant

Implant material Advantages
Autograft
Bone Most biocompatible
Good strength
No sharp edges
Radio-opaque
Cartilage Most biocompatible
No sharp edges
Prone to resorption
Alloplast

Biocompatible

Good strength for large defects
Malleable to be countoured to the
defect

Radio-opaque

Can prefabricate PSI
Biocompatible

Good strength for large defects

Can prefabricate PSI

Can be countoured to the defect
Biocompatible

Pliable and can be contoured to the
defect

Resorbable

Biocompatible

Digitally designed by the surgeon

Donor site morbidity

Increases operative time and cost
Bone resorption

Difficult to adjust shape

Minimal donor site morbidity
Increases operative time and cost
Poor structural support

Difficult to adjust shape

Not radio-opaque

Removes option for future nasal surgery

Sharp edges and gaps allow tissue
ingrowth making removal difficult
Cost

Isolated reports of infection

Cost
Does not allow egress of fluid from
the orbit

Cost

Concern for long-term stability

and support

Not radio-opaque

Requires an intact contralateral orbit
Time required to obtain the implant

Fractures in children <7 years of age

Small fractures

Large orbital floor defects

Defects with good edges to support
implant

Can be used in small gaps <2.5 cm?
with stable medial and lateral
borders

Fractures in children

Extensive complex orbital defects

based on the contralateral orbit
More stable than manually bent
titanium
Radio-opaque
Intraoperative navigation with CT
guidance

Cost

Greater stiffness allows less
intraoperative corrections

Requires surgeon familiarity
with software

Abbreviations: CT, computed tomography; PSI, patient-specific implant.

well-recognized osseointegration, is easily sterilized, and
readily available, although at high cost. Unfortunately,
the holes in the plates allow tissue ingrowth that may
make removal more difficult, and the cut edges are prone
to snaring periorbital soft tissue during placement.®-%
Studies have reported good outcomes and there has been
one report of a surgical site infection requiring implant

remOVal 62,64,65,69

Porous polyethylene

This implant material exhibits high biocompatibility, is
easily trimmed into any desired shape, can be screw-fixated
to bone, and has good strength with good long-term stability.
The implant can usually be easily removed if needed, but on
occasions, it can break into pieces, making removal more
challenging. It has a low-infection rate, and these usually

resolve with IV antibiotics with rare need for implant
removal.*"%2>7 The material is readily available, although at
a high cost. There is no donor site morbidity or costs associ-
ated with increased operative time for implant harvest.®!6270
However, it is not radiopaque.

There are titanium-reinforced porous polyethylene sheets,
which combine the favorable properties of both implants.
The titanium allows for easier fixation into bone and precise
manipulation of the implant to fit complex orbital defects,
and it makes the implant radiologically visible.®!

Resorbable sheeting

Sheets made of poly-L/D-lactide, polyglactin, and polydioxanone
have been commercially made from resorbable materials for
orbital reconstruction. These are pliable and can be con-
toured to the orbital defect and have very low infection rate.
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Some authors suggest that if the implant is placed under
periosteum, the surrounding tissues will create a fibrous scar
preventing prolapse of tissues into the maxillary sinus after
resorption, while others raise concerns for loss of long-term
structural support and recommend its use for defects <2.5
cm? 81627071 Fyrther studies looking at long-term outcomes are
needed to assess the long-term stability of the reconstruction.

Patient-specific implants

Using preoperative CT data, a construct can be specifically
designed to mirror the non-affected orbit, thus creating a
patient-specific implant (PSI). Titanium, polyetheretherke-
tone, and glass-bioceramic have been used to manufacture
PSL.”>77 These anatomically ideal models are intended to
reduce the need for intraoperative manipulation, thus reduc-
ing operative time with more accurate reconstruction.””
Initial studies are promising demonstrating accurate fitting on
all implants, no persistent postoperative visual impairments
and no patient-reported sensation of foreign body.” Unfortu-
nately, there are still some limitations with the software from
loss of data of thin bone altering the shape of the implant, as
well as the risk of incorporating impurities into the implant
resulting in rejection.”

Pediatric considerations

Traumatic involvement of the frontal bone and superior
orbital rim are more common in children, especially under
age 5, due to the increased cranial vault to facial skeleton
ratio.”” The vast majority of these fractures are treated
with observation only.*” One possible issue that can arise
is the “growing skull fracture”, which is when the fracture
site enlarges as the child grows. This potentially leads to a
meningocele that can herniate into the orbit causing diplopia,
pulsatile proptosis, and hypoglobus.®#2 Therefore, long-term
follow-up with repeat CT scans is recommended.

It is important to emphasize that orbital greenstick
“trapdoor” fractures with extraocular muscle entrapment are
more common in children. This fracture is commonly known
as the “white eye” orbital fracture (Figure 1). Urgent oph-
thalmology evaluation and CT imaging are recommended in
cases of suspected pediatric orbital injury. Indications for sur-
gical repair in children are essentially the same as in adults.
However, children heal quickly; and muscle entrapment may
result in fibrosis and shortening of the muscle within a couple
days. Earlier intervention is recommended in children with
evidence of entrapment,®>* while in the absence of entrap-
ment or immediate enophthalmos, the majority pediatric
orbital fractures can be managed conservatively without

surgical intervention. Pure orbital fractures in children are
less likely to result in late enophthalmos. Surgical repair
is not without risk of future problems due to growth and
development.®? When surgery is indicated, the use of rigid
implants may lead to orbitomalar growth restriction and
maxillary hypoplasia. Many surgeons advocate for the use
of split calvarial bone grafts in children younger than 7 years
ofage 3788 However, as an alternative, resorbable alloplasts
can be used successfully.®>%

Complications

The most common postoperative complications are diplopia,
enophthalmos, and ectropion. The incidence of the most
worrisome complication, vision loss after surgery, has been
reported as between 0% and 0.4%.2%3% Most of these cases
are related to postoperative intraorbital hemorrhage.3>8

Transient diplopia after surgery is common and will
typically improve or resolve in a few weeks.®” However, the
reported incidence of persistent diplopia ranges from 8% to
42% 46868890 This degree of occurrence strongly reinforces
the need for intraoperative forced duction testing, as implant
impingement can certainly be a cause for persistent diplopia.
With good implant positioning, it is presumed that trauma
to the muscle, fibrosis, or nerve paresis is the reason for
diplopia.®! Hosal and Beatty found postoperative diplopia to
be more likely in older patients and those whose fracture repair
was delayed.® Again, some consideration should be given to
earlier repair (immediate or within a few days) in cases where
periorbital tissues may be entrapped and damaged.

The reported incidence of enophthalmos following
surgical repair ranges from 7% to 27%.535-0 Fat atrophy is
speculated as a common reason for this finding, but it may
be due to inadequate reconstruction of the orbital cone.87!
Fortunately, this can be corrected with secondary implant
augmentation (additional plates or replacement) approxi-
mately 3 months after the initial surgery.

Avoiding the use of subciliary incisions may decrease
the incidence of postsurgical ectropion. However, more
subtle eyelid changes have not been well studied. Raschke
et al reviewed over 300 patients who underwent either a
transconjunctival or subciliary approach, and noted that
subciliary incisions resulted in an increased incidence of
scleral show.** This finding can result in dry eye issues as
well as an aesthetic change.

Future developments
It should be our goal to reduce the occurrence of the
aforementioned complications — many of which are related to
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inadequate intraoperative assessment and implant placement.
Less traumatic surgery with more accurate anatomic recon-
struction is needed. Further studies are needed to determine
which cases are best approached endoscopically. Large,
more complex fractures will likely continue to require a
transconjunctival approach in order to place PSIs. Currently,
several centers are using preoperative CT imaging to quickly
create customized 3D implants for each individual defect.’%3%4
Intraoperative navigation can then be used to precisely place
the implant according to the preoperative planning based
upon the normal orbit.”* Rapid, cost-effective production of
such implants is the next logical step, and developments in
point-of-care 3D printing are promising. Customized orbital
implants and intraoperative CT imaging used with image
guidance technology should improve accuracy of implant
placement and lead to better patient outcomes.
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