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The most commonly fractured walls of the orbit are the floor
andmedialwall, and repair is indicated in cases of extraocular
muscle entrapment, diplopia, globe malposition, and signifi-
cant orbital volume expansion.1–5 Combined fractures of the
floor andmedialwall aremore likely than isolated orbitalwall
fractures to require treatment due to increased volume

expansion; they are often associated with compromise of
the inferomedial strut at the ethmoid-maxillary junction
(►Fig. 1). The large size of these fractures and the loss of
internal bony support can make surgical repair particularly
challenging. Several techniques have been described to deal
with this fracture pattern using a variety of implant materials
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Abstract Background Combined orbital floor and medial wall fractures can be technically
challenging to repair, particularly when the inferomedial strut is involved. A surgical
repair technique is described utilizing a single preshaped porous polyethylene/titanium
implant to span both defects.
Methods Retrospective interventional case series.
Results Fracture repair was performed on 17 orbits (16 patients) between
October 2009 and February 2012. Subsequent surgical revision was required in three
cases (18%). Visual acuity was stable or improved in all cases. Of 7 patients with
preoperative diplopia, 5 improved and 2 remained stable postoperatively, and there
were no cases of new or worsened diplopia following surgery. Postoperative asymmetry
in Hertel exophthalmometry averaged 1.0 mm (range 0 to 2 mm). Preoperatively,
average orbital volume was 122.7% compared with control (range 109 to 147%,
standard deviation [SD] 9.6), which improved to 100.3% postoperatively (range 92 to
110%, SD 5.7). The average decrease in orbital volume was 22.5% (range 10 to 54%, SD
11.4, p < 0.001).
Conclusions With careful preoperative planning and meticulous surgical technique,
combined orbital floor and medial wall fractures involving the inferomedial strut can be
successfully repaired with a preshaped porous polyethylene/titanium implant through a
transconjunctival/transcaruncular approach with inferior oblique disinsertion.
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and surgical approaches.6–10 However, the goal of restoring
the normal contours of the bony orbit while avoiding post-
operative complications remains difficult to achieve. We
herein describe a repair technique and report a case series
using preshaped porous polyethylene (PPE)/titanium im-
plants through a combined transconjunctival and transcar-
uncular approach with disinsertion of the inferior oblique
muscle.

Methods

Institutional Review Board approval was obtained for this
study. A retrospective review was conducted of all cases of
combined orbital floor/medial wall fracture repair performed
by the senior author (R.I.C.) between October 2009 and
February 2012. Cases utilizing the technique as described
below were included. Exclusion criteria included lack of
postoperative imaging or follow-up. Outcome measures in-
cluded visual acuity, diplopia, Hertel exophthalmometry, and
symmetry of orbital volume. Preoperative Hertel measure-
mentswere not included in the analysis, because amajority of
patients had confounding orbital edema or hemorrhage as a
result of the initial trauma. Postoperative Hertel measure-
ments were recorded at the last available follow-up visit, and
were excluded in anophthalmic patients. Pre- and postoper-
ative orbital volume symmetry was determined by analyzing
coronal computed tomography (CT) scan images using Abode
Photoshop Elements 8.0 (Adobe Systems Inc., San Jose, CA). At
sequential 2-mm intervals, the lasso toolwas used to trace the
orbital outline on each side, and the number of incorporated
pixels shown in the histogram view was recorded. The total
pixel count from all images was calculated on each side, and
the number on the surgical side was divided by the uninjured
(control) side. For patientswith bilateral fractures, the control

outline was carefully drawn to replicate normal orbital
anatomy as closely as possible. Volume of the surgical orbit
was expressed as a percentage of the control (e.g., 110%
represents a 10% expansion of volume). Statistical analysis
of orbital volumes was performed using the Wilcoxon signed
rank test.

Surgical Technique

Preoperative planning included detailed measurements tak-
en from the orbital CT scan using the caliper function on the
hospital’s imaging system to determine the size and shape of
the implant (►Fig. 2). Coronal measurements were used to
determine the width of the floor and medial wall compo-
nents; the axial and sagittal measurements dictated the
anterior-to-posterior length of the medial wall and floor,
respectively. The flex point between the floor and medial
portions of the implant approximated the position of

Figure 1 The inferomedial strut (arrows), shown in coronal computed
tomography scan images of two different patients with combined
orbital floor/medial wall fractures. Intact left strut (A), and fractured/
displaced strut (B).

Figure 2 (A) Preoperative computed tomography measurements
were taken in all three imaging planes at multiple levels to determine
the implant dimensions (single cuts shown here). Note that the axial
measurement of the medial wall begins behind the posterior lacrimal
crest. Top left, the orbital floor/wall implant with black dashed lines
showing areas to be trimmed, and a gray dashed line showing the
planned flexure point between the floor and medial wall. Area marked
with asterisk (�) is trimmed tomake room for the nasolacrimal duct and
inferior oblique origin. (B) Postoperative computed tomography scan
images and three-dimensional reconstruction showing implant
placement in the same patient.
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inferomedial strut on the uninjured side. All implant meas-
urements took into account the need for a sufficient amount
of overlap over the bony ledges. Serial measurements were
taken at set image intervals for each case, typically every 4 to
5 mm.

All caseswere performed under general anesthesia. Forced
duction testing was performed at the beginning of the case to
document any preoperative globe restriction. Following the
injection of local infiltration anesthesia, a lateral canthotomy
and inferior cantholysis was performed with tenotomy scis-
sors. A transconjunctival incision was created through the
inferior fornix with Westcott scissors or needle cautery on a
low pure cut setting. Dissection was carried through the
retractors to the inferior orbital rim, where the periosteum
was opened with needle cautery, and subperiosteal dissec-
tion carried into the orbit and across the orbital floor with
periosteal elevators. All prolapsed orbital soft tissues were
carefully reduced from the fracture site and bony ledges
identified laterally and posteriorly.

Attentionwas turned to themedial orbit, where an incision
was created with Westcott scissors between the caruncle and
plica semilunaris, and extended inferiorly to join the fornix
incision. Blunt tenotomy scissors were placed through the
transcaruncular incision at a 45-degree posteromedial angle,
palpating the medial wall behind the posterior lacrimal crest,
and spread to expose the medial wall. Jameson muscle hooks
and malleable ribbon retractors were used to retract the
conjunctiva and orbital fat. The periosteum behind the poste-
rior lacrimal crest was opened with a bent crescent blade or
needle cautery, and subperiosteal dissectionwas carried along
the medial wall, reducing the orbital contents and identifying
the superior and posterior ledges of the fracture. The anterior
and/or posterior ethmoidal neurovascular bundles were cau-
terized and divided to fully expose the superior ledge of bone
and allow for proper seating of the implant.

The inferior and medial dissections were joined to create a
single dissection plane. The origin of the inferior oblique
muscle was identified just behind the inferomedial orbital
rim and disinserted from the bone with a periosteal elevator.
The remaining bridge of soft tissue and periosteum separat-
ing the inferior and medial incisions was sharply divided,
providing maximal surgical exposure and access to the
inferomedial orbit. Great care was taken during this maneu-
ver to avoid damage to the lacrimal sac, which lies just medial
to the inferior oblique origin.

The implant material used in all cases was a preshaped
PPE-imbedded titanium mesh implant specifically designed
for orbital floor and medial wall reconstruction (Medpor
Titan OFW, Stryker, Kalamazoo, MI). The implant was soaked
in antibiotic solution and trimmed to the predetermined
dimensions. It was then bent to conform to the natural
bony contours of the orbit (►Fig. 3), reproducing the upward
posteromedial slope of the floor, the anterior-to-posterior S-
shaped curvature, and the � 120- to 130-degree angle
between the floor and medial wall. With the orbital contents
retracted and bony ledges exposed by ribbon retractors, the
implant was placed within the subperiosteal space to cover
the defect. Care was taken to ensure that the edges of the

implant rested securely on stable bony ledges, and that no
orbital soft tissue was incarcerated beneath the implant.
Forced duction testing was repeated to confirm normal globe
mobility. The anterior titanium extensions of the implant
were then secured to the inferolateral rim and frontal process
of themaxillawith titanium screws. Inmost cases, only two of
the extensions were fixated (laterally and superomedially),
and the remainder were broken off and discarded. The lateral
canthal tendonwas resuspended from the periosteumbehind
the lateral orbital rim with a 4–0 polydioxanone suture, and
the conjunctiva was closed with buried interrupted 6–0 plain
gut sutures.

Results

During the study period, 19 orbits of 18 patients with
combined orbital floor and medial wall fractures involving
the inferomedial strut underwent the procedure described

Figure 3 (A) Trimmed orbital floor/wall implant positioned within
model right orbit, showing its relationship with major orbital land-
marks. Dashed lines demonstrate the contours of the implant, repli-
cating those of the orbital floor and medial wall. (B) Illustration of
floor/medical wall fracture showing key bony support ledges. Green
dashed line represents periosteal incision. Abbreviations: AEF, anterior
ethmoidal foramen; IO, inferior oblique muscle origin; IOF, inferior
orbital fissure; NLD, nasolacrimal duct; OF, optic foramen; PEF,
posterior ethmoidal foramen; SOF, superior orbital fissure.

Craniomaxillofacial Trauma and Reconstruction Vol. 6 No. 3/2013

Orbital Floor and Medial Wall Fractures Cho, Davies 163

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



earlier. Two were excluded due to lack of postoperative
imaging, leaving a total of 17 cases (16 patients). Twelve
patients (75%) were male, and the average age was 30 (range
21 to 54). Eight patients (50%) were referred from other
surgical services for complications following initial fracture
repair. Four patients were U.S. service members wounded
during combat operations in Iraq or Afghanistan. Concomi-
tant craniofacial injuries were common, with 13 patients
(81%) requiring repair of facial buttress or skull base fractures.
Ocular injuries were also common, with three patients re-
quiring enucleation following open globe repair, three sus-
taining choroidal ruptures, and one suffering traumatic optic
neuropathy with no light perception. All initial repairs except
one were performed within 1 month of the injury (average
9.3 days, range 1 to 24). The single outlier (case 17) under-
went initial repair 5 years postinjury.

Surgical outcomes are summarized in ►Table 1. Of the 17
cases performed by the senior author, three (18%) required
subsequent surgical revision—two due to inadequate reduc-
tion, and one due to presumed compressive optic neuropathy
(postoperative afferent pupillary defect in an intubated pa-
tient). This same patient (case 11) expired in the postopera-
tive period due to multisystem organ failure following
extensive burn injuries. Visual acuity improved or remained
within one line of preoperative vision in all other cases. There
were no cases of newor worsened diplopia following surgery,
and five of seven patients with preoperative diplopia (71%)
improved or resolved postoperatively. One of the patients
with persistent diplopia (case 1) was referred to us several
months after primary repair and underwent final revision
18 months later. The other patient (case 6) was transferred to
a long-term care facility 1 week postoperatively and was lost
to follow-up.

Exophthalmometry measurements were excluded in four
patients with acquired anophthalmos of the operative or
fellow orbit, and were unavailable in two others. In the
remaining 11 cases, the average asymmetry in postoperative
Hertel measurements was 1 mm (range 0 to 2 mm). Analysis
of preoperative CT scan imaging (►Fig. 4) revealed preopera-
tive orbital volume expansion in all cases, with an average of
122.8% (range 108 to 147%, standard deviation [SD] 9.6). The
average postoperative orbital volume was 100.3% of control
(range 92 to 110%, SD 5.7), with an average postoperative
decrease in orbital volume of 22.5% (range 10 to 54%, SD 11.4,
p < 0.001).

Discussion

Combined orbital floor and medial wall fractures involving
the inferomedial strut represent a unique technical challenge
to the orbital surgeon. The anatomic significance of the strut
has been discussed by several authors in the context of orbital
decompression surgery,11–13 but it has not garnered a great
deal of attention in the orbital trauma literature. When the
inferomedial strut is intact, it can be used to support separate
implants placed over each of the fractures individually.
However, when this support is compromised, the surgeon
has essentially two choices: use multiple or modified im-

plants to compensate for the loss of medial support; or use a
single implant that is large enough to bridge the entire defect,
from the medial roof to the lateral floor.

An example of the first approach was described by Su
and Harris,6 who used overlapping nylon foil implants to
repair the floor and medial wall. However, the majority of
the cases in their study did not involve the inferomedial
strut, and the ones that did required the use of a third
implant at the junction of the floor and medial wall im-
plants. Another technique described by Choi et al uses two
separate PPE channel implants (Medpor channel sheet,
Stryker, Kalamazoo, MI), both of which are screw fixated
to the orbital rim by titanium plates placed within the
longitudinal channels.7 The plates can be used to cantilever
the implants into anatomic position in the absence of
internal bony support. However, these implants are rela-
tively thick (2.3 mm) and have the potential to cause
postoperative hyperglobus.

The second approach—single-implant repair—has been
described by several authors. Nunery at al reported the use
of a “wraparound” nylon foil implant to repair these defects.8

Although their results were excellent overall, only 14 of 102
cases involved the inferomedial strut. The use of such a
flexible material to span these large defects raises the theo-
retical concern of implant buckling and displacement. Addi-
tionally, nylon foil’s lack of malleability is problematic when
attempting to replicate the normal contours of the floor and
medial wall. Other reported single-implant techniques utilize
titanium mesh plates, which are either individually pre-
formed based on preoperative stereolithography or manufac-
tured to replicate the bony contours of the floor and medial
wall (Matrix Midface preformed orbital plate, Synthes Inc.,
West Chester, PA).9,10 Although in theory, these implants, if
placed properly, should produce excellent anatomic results,
we avoid their use for two reasons. First, the size of the
premanufactured implant is not large enough to completely
cover many of the defects we encounter. The second reason is
our own experience as well as that of other authors with
orbital adherence syndrome caused by exposed titanium
mesh in the orbit.14

The use of PPE-imbedded titanium for the repair of floor
and medial wall fractures has been described by several
authors,15–19 but this to our knowledge is the first published
report utilizing the preshaped orbital floor/wall implant
designed by Holck (Medpor Titan OFW, Stryker, Kalamazoo,
MI). This implant combines the capacity of PPE for fibrovas-
cular ingrowthwith the strength andmalleability of titanium
mesh, along with the additional benefits of a preshaped
design and titanium extensions for screw fixation to the
orbital rim. The size and shape of the implant is intended
to provide coverage for the largest possible fractures, and
requires trimming to fit most orbits (►Fig. 2). It is currently
available in three versions: porous on both sides (MTM),
nonporous (barrier) on both sides, or a combination (MTB)
with the barrier surface placed on the orbital side to prevent
soft tissue adherence. The MTB version was used in all cases
but one where an MTM implant was used, and this case is
discussed below.
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When placing an implant of this size within the orbit,
adequate surgical exposure and access are essential. The
transconjunctival and transcaruncular incisions are both
time-tested approaches to orbital fracture repair,19–25 but
neither incision alone is large enough to permit placement of
this implant.When the two approaches are combined and the
inferior oblique muscle disinserted, the entire surgical field
becomes beautifully exposed. Combined transconjunctival
and transcaruncular orbitotomy has been previously de-
scribed by several authors,26–28 along with disinsertion of
the inferior oblique by others.7,17 The combination of these
approaches has proven indispensable to us in the manage-
ment of these challenging cases. Although some authors have
advocated dividing the inferior oblique near its origin and
reapproximating the muscle with sutures at the end of the
case,26 we have found that direct disinsertion obviates the
need for sutures. Mild vertical and/or torsional diplopia can
occasionally occur in the early postoperative period, but in
our experience has always resolved within a week or two.
Damage to the lacrimal sac is a potential, but entirely avoid-
able, complication of this approach, and it did not occur in any
of our cases.

Proper implant sizing and shaping is critical to the success
of this technique. Given the relatively large surface area of the
implant, the rigidity of the material, and the close proximity
of the implant to vital orbital structures, seemingly small
deviations in contour and shape can potentially result in
significant complications. Therefore, we highly recommend
the use of preoperative CT scan measurements to determine
the appropriate dimensions of the implant (►Fig. 2). When
shaping the implant prior to insertion, careful attention must
be paid to replicating the slopes and curves of the floor and
medial wall,29 and a thorough three-dimensional under-
standing of the complex anatomy of the bony orbit is an
absolute prerequisite to using this technique (►Fig. 3).

Positioning of the implant on stable ledges of bone is also
critical, as no implant, no matter how well designed or
shaped, will serve its purpose if not placed anatomically.
Anterior and lateral bony ledges are relatively easy to obtain,
but themost important andmost problematic support points
are the posterior and superior ledges. Failure to support the
implant on these ledgeswas implicated in all eight of the cases

referred to us for revision (►Fig. 5 and►Fig. 6), as well as two
of the three author’s cases needing revision. Posterior floor
and medial wall support are critical but often lacking, and
many surgeons are loath to venture so far into the orbit for
fear of injuring the optic nerve. However, meticulous plan-
ning, a solid knowledge of orbital anatomy, and the use of
adjunctive surgical techniques can decrease this risk. Intra-
operative measurements of orbital depth can be compared
with preoperative CT scan measurements, and the posterior
ethmoidal foramen can serve as a vital anatomic reference
point relative to the optic nerve. Other potentially useful
modalities include intraoperative CT scanning, surgical navi-
gation devices, and sinus endoscopy (►Fig. 7). The superior
ledge is also critical to proper implant placement and is
usually found at the level of the frontoethmoid suture. An
excellent way to verify the location of this landmark is to
divide the anterior and posterior ethmoidal neurovascular
bundles and continue dissecting subperiosteally to the medi-
al orbital roof. Care must be taken not to mistake the fovea
ethmoidalis for the orbital roof, particularly when the medial
wall is displaced far into the ethmoid sinus.

Our revision rate of 18% reflects the high degree of
difficulty in using this technique. The first revision (case 1)
was required due to failure to place the medial edge of the
implant on the superior ledge. Postoperative enophthalmos
was evident despite the stacking of multiple implants over
the floor implant. We have since abandoned the practice of
implant stacking, maintaining that no amount of stacking can
take the place of proper anatomic reduction. The second
complication (case 11) was a presumed case of compressive
optic neuropathy, and was corrected by implant reposition-
ing. The third revision (case 15) also resulted from failure to
find posterior and superior support, resulting in enophthal-
mos. In this case, an MTM implant was initially used due to
unavailability of theMTB, and its relative lack of rigiditymade
positioning of the implant more difficult.

The results of this case series should be interpreted in the
context of our study’s limitations, which include its retro-
spective nature and the numerous concomitant injuries that
potentially impacted our results. The fact that half of our
patients were referred from other services following unsuc-
cessful primary repair underscores the high degree of

Figure 4 Preoperative versus final postoperative orbital volumes, expressed as a percentage of the control orbit.
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complexity and difficulty in managing these cases. In some
instances, incomplete reduction of facial buttress fractures
resulted in orbital volume changes that could not be
completely compensated by anatomic reconstruction of the
floor and medial wall. Vision loss due to traumatic optic
neuropathy or globe injury, motility disturbances caused by
previously entrapped extraocular muscles or postsurgical
scarring, and altered exophthalmometry measurements

due to orbital edema/hemorrhage or displacement of the
lateral rim also confounded analysis of these outcome meas-
ures. Despite these many variables, however, it is still notable
that the average postoperative asymmetry inHertelmeasure-
ments was only 1 mm.

The difficulty in obtaining clinically useful exophthal-
mometry measurements led us to perform a more objective
analysis of our reconstructive outcomes through the calcula-
tion of orbital volume symmetry. Our method of volume
estimation is similar to those used in previous studies,30–32

with the major difference being that we calculated relative
instead of absolute volumes, which we felt would provide a
more useful indication of orbital symmetry. As mentioned in
our methods section, the presence in some cases of bilateral
fractures made it necessary to alter the outline of the control
orbit to replicate the normal anatomy. An additional chal-
lenge was accounting for the effects of head turn in the CT
scanner, which sometimes placed coronal cuts at different
anteroposterior levels on each side. We compensated for this
by usingmajor anatomic landmarks such as the optic foramen
and superior orbital fissure to correspond to respective CT
image cuts as closely as possible. Because all of our coronal
series were obtained at intervals of 2 mm or less, the maxi-
mum theoretical offset between images was only 1 mm.
Although the CT scan protocol was not standardized between
patients, the fact that orbital volume percentages were cal-
culated using fellow orbits in the same imaging series signifi-
cantly reduces potential errors in our analysis. In light of these
considerations, we believe that our overall orbital symmetry
of 100.3% demonstrates that this technique can produce a
reproducible anatomic reconstruction of the orbital floor and
medial wall.

An additional limitation of this study is the relatively
short follow-up interval for some of our cases. This is a
frequent issue for civilian trauma patients at our institu-
tion, many of whom are indigent, noncompliant, travel long
distances for care, and may have limited eligibility for care
due to government regulations. It is impossible to predict
whether longer follow-up periods would have altered
outcome measures such as visual acuity, diplopia, or Hertel
measurements. However, we maintain that the anatomic
outcomes as documented by postoperative CT scanning are
unlikely to change in any significant way, regardless of the
follow-up interval.

The findings of our study underscore several important
points. First, the amount of force required to fracture the
inferomedial strut is significant, and often results in concom-
itant injuries to the facial buttresses, skull base, and ocular
structures. Second, when treating fractures of this nature, it
can be extremely beneficial to both patients and surgeons to
utilize a multidisciplinary approach, involving a combination
of oculoplastic surgery, otolaryngology, oral maxillofacial
surgery, and/or general plastic surgery. Finally, this procedure
can be extremely challenging to perform correctly, and an
intimate familiaritywith orbital anatomy is absolutely critical
to ensuring satisfactory outcomes. Careful preoperative plan-
ning and meticulous surgical technique are also important
elements of success.

Figure 5 Preoperative (left) and final postoperative (right) coronal
computed tomography scan images of all eight cases referred to the
senior author for revision, with corresponding case numbers. Interim
scans for cases 1 and 15 are not shown. Note that in case 2, the superior
edge of the right orbital implant is not ideally positioned on the
superior bony ledge. The left orbit of case 2 was not revised per the
referring service’s request.
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