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INTRODUCTION

During Operation Iraqi Freedom and Operation
Enduring Freedom, more than 7,200 US service
members sustained head and neck injuries, including
11,689 facial fractures.'” The most common mecha-
nism of injury has been the improvised explosive
device (IED), resulting in devastating high-velocity
injuries.* According to the Joint Theater Trauma
Registry, the most common site of facial soft-tissue
injury was the face/cheek (48% of cases), with the
most common fracture site being the maxilla (25.5%
of cases).® This is similar to rates of civilian midface

trauma, which accounts for approximately 70% of
all maxillofacial injulries.‘*'5 However, because of
the high-energy nature of IED-related injuries, the
majority of midface injuries include both bony and
soft-tissue trauma, and are typically more extensive
than civilian midface trauma. It is imperative for the
deployed otolaryngologist to have an understanding
of the anatomy, pathophysiology, evaluation, and
management of midface trauma to mitigate the ef-
fects of injury and maximize functional and cosmetic
outcomes.

ANATOMY

The middle third of the face, or the midface, can be
conceptualized as a system of linked vertical and hori-
zontal buttresses, designed to bear the physiological
forces of mastication. These buttress systems surround
and protect the orbits, oral and nasal cavities, and pa-
ranasal sinuses. Additionally, these buttresses maintain
the height, width, and anteroposterior projection of the
middle third of the face.*® The vertical buttress system
is formed by three paired vertical structures running
from the alveolar process to the base of the skull. An-

Figure 25-1. Vertical buttresses of the face. Nasomaxillary
buttress (1), zygomaticomaxillary buttress (2), and pterygo-
maxillary buttress (3).
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teriorly, the nasomaxillary (NM) buttress runs from the
premaxilla to the maxillary process of the frontal bone.
Laterally, the zygomaticomaxillary (ZM) buttress runs
from the maxilla to the zygomatic process of the frontal
bone. Posteriorly, the pterygomaxillary buttress runs
from the maxillary tuberosity to the sphenoid portion
of the frontal bone via the pterygoid plates (Figure 25-
1). The ZM buttress is largely comprised of the zygoma
that serves not only as the cornerstone of the buttress

Figure 25-2. Anatomy of the zygomaticomaxillary (ZM)
complex. The zygoma has four critical articulations with
the surround facial skeleton: (1) articulation with the frontal
bone at the zygomaticofrontal (ZF) suture, (2) articulation
with the maxillary bone at the zygomaticomaxillary suture,
(3) articulation with the temporal bone at the zygomatico-
temporal (ZT) suture, and (4) articulation with the sphenoid
bone at the zygomaticosphenoid (ZS) suture.



system, but also provides an important landmark for
midface projection—the malar eminence.”” The verti-
cal buttresses tend to be stronger than the horizontal
buttresses.*

The zygoma is central to normal malar/midface
projection, with the malar eminence being the most
anterior projection of the lateral face.*” The thick bone
of the zygoma makes this the cornerstone of the verti-
cal buttress system and provides support to the other
facial bones." Precise restoration of this segment is
essential to successful management of midface frac-
tures.” The zygoma has four critical articulations that
surround the facial skeleton:

1. articulation with the frontal bone at the zy-
gomaticofrontal (ZF) suture;
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2. articulation with the maxillary bone at the
ZM suture;

3. articulation with the temporal bone at the
zygomaticotemporal (ZT) suture; and

4. articulation with the sphenoid bone at the zy-
gomaticosphenoid (ZS) suture (Figure 25-2).*

The horizontal buttress system is comprised of
the superior orbital rims, infraorbital rims, maxillary
alveolus and palate, zygomatic arch, and pterygoid
plates. It should be noted that the pterygoid plates are
important in both the vertical and horizontal buttress
systems.”? Additionally, the 45-degree angle between
the skull base and the maxilla acts as a supplemental
horizontal buttress by resisting horizontal compres-
sive forces."

PATHOPHYSIOLOGY

The degree of fractures, fracture patterns, amount
of displacement, and amount of soft-tissue injury
are determined by the interaction of the following
six factors:

1. the inherent rigidity (or limited elasticity) of
the facial bones;

2. the amount of force related to the velocity of
the head, traumatic agent, or combination of

both;

3. the ability of the neck to bend and help absorb
momentum;

4. the direction and duration of the applied
force;

5. the point of impact; and
6. the mass of the impacting agent.”

Forces applied to the midface skeleton result
in fractures that can be classified as simple nasal
fractures, nasoorbitoethmoid (NOE) fractures, ZM
complex (ZMC) fractures, and Le Fort fractures. With
the exception of the simple nasal fracture, all of these
fracture types disrupt the vertical buttress system.
Regardless of the mechanism of injury or amount of
comminution or displacement of fractures, the ZF
suture is the strongest articulation of the zygoma
to the facial skeleton. Thus, there is often a clean
separation at the ZF suture, allowing this point to
serve as an important landmark for resuspension
of the midface.*” The underlying goal of surgical
treatment is restoration of the normal relationship
of the disrupted buttresses to the skull base.* NOE
fractures are discussed in Chapter 24, Orbital Trauma
and Nasoethmoid Fractures. Additionally, associated
fractures of the hard palate occur in 15% to 46% of

patients with Le Fort fractures and represent a spe-
cial situation requiring the surgeon’s attention when
treating midface fractures."*"

The prominence of the nasoseptal complex results
in frequent nasoseptal complex fractures.* These can
occur in isolation or frequently as part of more complex
maxillofacial injuries. The most important consider-
ation in the setting of midface trauma (omitting NOE
fractures from this discussion) is early identification of
septal hematomas. Blood trapped between the septal
mucoperichondrium and the underlying septal carti-
lage can compromise the blood flow to the cartilage,
leading to chondronecrosis. This may result in infec-
tion and/or a saddle nose deformity. For this reason,
septal hematomas must be recognized and evacuated
in a timely fashion.

The prominent position of the zygoma and malar
eminence makes the zygoma particularly susceptible to
trauma. Although the central portion of the zygoma is
thick and sturdy, the articulations of the zygoma with
the ZM, ZT, and ZS sutures are relatively weak and
susceptible to fracture, with the ZF suture being the
most stable. Fractures of the zygoma typically resultin
fractures along these suture lines. Although tradition-
ally referred to as a “tripod” fracture (ZE, ZM, and ZT
fractures), this term should be avoided because it fails
to take into account the ZS suture and its associated
fracture. In fact, a ZMC fracture demonstrates five
distinct fractures:

lateral orbital wall,

orbital floor,

anterior maxillary wall,
lateral maxillary wall, and
zygomatic arch.

AN e
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ZMC fractures can range from nondisplaced,
isolated zygomatic arch fractures to severe fracture
dislocations of the zygoma and surrounding bones.*’

More than 100 years ago, René Le Fort observed that
blunt facial trauma tends to result in three predictable
patterns of fractures along inherent weaknesses in the
facial skeleton. These fractures, collectively termed Le
Fort I, II, and III fractures, have in common disruption
of the pterygomaxillary buttress.*’

e LeFortIfracturesinvolve a horizontal fracture
through the maxilla and piriform aperture
above the maxillary dentition. Fractured
bones may include the nasal septum, inferior
portion of the piriform aperture, canine fossae,
and both ZM buttresses.

e Le Fort II fractures are pyramidal-shaped
and involve the nasofrontal junction, medial
orbital wall, orbital floor, infraorbital rim, and
ZM suture line.

e Le Fort III fractures can be classified as cranio-
facial dissociation, resulting in separation of
the facial bones from the cranial base through
the nasofrontal and ZF suture lines. In ad-
dition, Le Fort III fractures involve both the
medial and lateral orbital walls, as well as the
zygomatic arch.**’

Although the conditions used to originally de-
scribe Le Fort fractures (low-energy blunt trauma in
cadavers) do not accurately represent the types of
high-energy injuries seen in modern military or civil-
ian trauma, the classification system is still useful as
a framework to describe patterns of midface injuries
and provide a common language of communication
between physicians. Pure Le Fort injuries are rare and
are usually found along a spectrum of injury that may
have combinations of different fracture patterns.

Palatal fractures or fractures of the dentoalveolar
unit deserve special mention. As previously stated,
these fractures occur in up to 46% of patients with
Le Fort type injuries."”” These fractures are typically
longitudinal and parasagittally oriented, because this
area represents an area of weaker bone in the hard
palate. Typically, these fractures will exit between the
central incisors or more laterally between the lateral
incisor and canine tooth, resulting in anterior, lateral,
and buccal displacements of the fractured segment.
Fractures can also occur more laterally through the
maxillary tuberosity. Although rare, transverse pala-
tal fractures can also occur.'*®PP?172? Reconstitution
of normal midface projection requires restoration of
normal occlusion. Identification and proper reduc-
tion of palatal fractures are essential in optimizing
functional outcomes.

EVALUATION

As with any traumatic injury, basic primary and
secondary trauma assessments need to be performed,
with management of the airway and control of hem-
orrhage paramount. These important steps in the
management of maxillofacial trauma are covered in
earlier chapters. For the purposes of this chapter, one
can assume that the proper initial management of the
trauma patient has occurred. Additionally, significant
closed or open cranial injuries can occur with midface
trauma and need to be evaluated. This is especially
true with the types of injuries seen on the battlefield.
Close collaboration with neurosurgeons is essential
in the evaluation and management of these patients.

Fine-cut, noncontrast axial and coronal computed
tomography (CT) scanning is the mainstay of ra-
diographic evaluation of midface fractures.*” Views
should be obtained in both bony and soft-tissue al-
gorithms to assess the both the bony and soft-tissue
components of injury, as well as to give the surgeon an
idea of the amount of soft-tissue loss and / or swelling
present. Careful evaluation of the relationship of the
vertical buttresses to the skull base should be made, as
well as the extent of comminution, displacement, and
rotation of fracture segments. The pull of the masseter
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muscle oftentimes will result in downward rotational
deformity of zygomatic fractures and should be rec-
ognized preoperatively.* Identification of the extent
of injury will help with the preoperative planning of
surgical approaches and exposure. Additionally, the
use of three-dimensional reformatting of fine-cut CT
scans provides information regarding the facial width,
height, and projection of the facial skeleton and the im-
pact of fractures in a way that is often not appreciated
on plain axial and coronal images.* Three-dimensional
imaging should be used whenever possible as part of
the preoperative evaluation. Fortunately, the ability to
obtain three-dimensional rendering is generally avail-
able at most in-theater hospitals.

Evaluation of the extent of orbital injury is essential
for proper preoperative planning, and helps to iden-
tify the need for orbital exploration. Although full
discussion of orbital fractures is covered in Chapter
24, it is nevertheless important to realize the common
occurrence of orbital fractures with ZMC and Le Fort
type injuries. With these fractures, displacement of
both the lateral and inferior orbital walls can occur,
leading to increased orbital volume and postopera-
tive enophthalmos and/or diplopia if not adequately



reduced. Another common finding is displacement
and/or entrapment of orbital contents, particularly
the inferior rectus muscle, into the sinus cavity. Ad-
ditionally, because the lateral canthal ligament inserts
approximately 1 cm below the ZF suture line, inferior
displacement of the zygoma can result in rounding
and downward sloping of the lateral canthus if not
adequately reduced. Therefore, reduction of fractures
and restoration of pretraumatic orbital volume are the
primary goals of ZMC fracture repair.*’ CT scanning
has been found to be highly reliable in determining
preoperatively which orbits need exploration. Radio-
graphic criteria indicating a need for orbital explora-
tion include severe comminution or displacement of
the orbital rim, >50% displacement of the orbital floor,
prolapse of the orbital contents into the sinus cavity, an
orbital floor fracture >2 cm?, or combination of inferior
and medial orbital wall fractures."'®

Careful examination of the orbital apex is necessary,
as well as in cases of high-energy midface trauma.
Oftentimes, fracture lines will traverse the orbital apex
and may be in close approximation to the carotid ca-
nal. Disimpaction of fractured bone segments in these
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cases often requires substantial force by the surgeon.
Knowledge of involvement of the orbital apex will
alert the surgeon to the potential for cerebrospinal
fluid leak, optic nerve injury, or carotid injury with
vigorous disimpaction and allow modification of the
surgical technique in these cases."”

Given the amount of energy required to cause
ZMC and Le Fort type injuries, itis critical to carefully
evaluate the patient for associated intracranial injuries.
This includes intracranial hemorrhage, injury to brain
parenchyma, and skull base injury that may predispose
the patient to cerebrospinal fluid leak.* Furthermore,
there is a high risk of cerebrovascular injury associated
with Le Fort injuries, such as internal carotid artery
dissection or pseudoaneurysm. CT angiography is in-
dicated in these cases to rule out these life-threatening
injuries.'®"

As previously discussed, careful attention to the
hard palate is necessary to document the presence of
associated palatal fractures. Failure to properly identify
and reduce a palatal fracture prior to fixation will result
in functional deficits caused by malocclusion, as well
as cosmetic deficits caused by flattening of the midface.

TREATMENT

It became evident early during the conflict in Iraq
that in-theater repair of facial fractures did not com-
promise the outcome of repair or increase the infection
rates in these patients. Lopez et al* established good
guidelines for in-theater repair:

e fracture sites exposed through an adjacent
soft-tissue injury or adjacent surgical ap-
proach,

e treatment does not delay evacuation from
theater, and

* treatment would allow the service member to
remain in theater.

One must keep in mind that in today’s conflicts,
deployed otolaryngologists will find themselves caring
for alarge number of civilians and coalition forces. The
same standards of care applied to US service members
need to be applied in the care of these patients.

Patients may arrive from the battlefield with a
tracheostomy or cricothyrotomy in place. In patients
with a cricothyrotomy, they should be converted to
a standard tracheostomy. In patients with isolated
midface fractures, standard orotracheal or nasotracheal
intubation is indicated. If there is suspected skull base
trauma, care needs to be taken to prevent further in-
jury or inadvertent insertion of the endotracheal tube
through the defect. Patients with massive midface

injuries, associated open skull injuries or intracranial
injuries, or massive polytrauma should almost always
have their airways secured by tracheostomy. (See
Chapter 12, Airway Management.)

The overall goal of treatment is restoration of the
three-dimensional form and function of the facial
skeleton: the occlusion, facial projection, and facial
height.”” To achieve this goal, reestablishment of the
preinjury occlusion is key, as is restoration of the
position of the zygoma.”'* Failure to restore proper
occlusion will result in postoperative malocclusion,
oftentimes as an anterior open bite deformity."* In
cases with a stable mandible, or uncomplicated
mandibular fractures, initial placement of maxil-
lomandibular fixation, either with standard arch
bars or four-point fixation, should be performed.
This reestablishes normal occlusion and provides a
stable foundation from which to realign the midface
buttresses. Keep in mind that placement of maxillo-
mandibular fixation does not necessarily completely
reduce and/or stabilize palatal fractures, nor does
it completely reduce impacted segments of midface
fractures. The surgeon must pay particular attention
to adequate disimpaction of fracture segments, as
well as reestablishment of the palatal arch to ensure
accurate fracture reduction prior to fixation. If this is
not done, the overall cosmetic and functional results
will be compromised.
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In cases of severe mandibular injury (severe commi-
nution, missing bone), which is not uncommon in bat-
tlefield injuries, adequate establishment of preinjury
occlusion may not be possible with maxillomandibular
fixation. In these cases, placement of an external fixa-
tion device on the remaining mandibular segments
can be used (see Chapter 26, Mandible Fractures) or
can reestablish the mandibular arch and allow fracture
reduction and realignment. In cases where adequate
maxillomandibular fixation cannot be obtained, the
ZF suture line is often a good point of reference for
resuspension of the midface fractures. As the strongest
point of the midface skeleton, the ZF suture line is com-
monly cleanly fractured, allowing easy and accurate
reduction, or intact/ greenstick fractured, even in cases
of significant midface/ panfacial trauma.*’

Oftentimes, palatal fractures will be reduced with
maxillomandibular fixation. It is important to ensure
that the palatal fractures are reduced anteriorly, as
well as posteriorly, to restore the palatal arch and to
ensure normal postoperative occlusion. Reduction of
the palatal fractures should occur prior to plating of the
buttresses to restore the maxillary arch and maxillary
width. If overtightening of the maxillomandibular fixa-
tion wires is required to reduce the palatal fractures, the
maxillary teeth will likely be lingually canted, resulting
in a cross-bite deformity. In these cases, placement of
transosseous wires or miniplates placed across the
palatal fractures (through incisions made in the palatal
mucosa) will adequately reduce the palatal fractures
without overtightening of the maxillomandibular
fixation wires.”"* Other methods to reduce palatal
fractures include the use of palatal splints, although
the materials necessary for fabrication of a palatal
splint may not be available in theater. Additionally, if
the surgeon lacks the experience of creating a palatal
splint, it will be better to use plates or wires so as not
to compromise the reduction of the fracture with a
poorly made or improperly placed splint.

Prior to reduction and fixation of fracture seg-
ments, the fractures must be adequately exposed.
Exposure of fractures will sometimes be afforded
the surgeon by way of preexisting soft-tissue inju-
ries or incisions made for other procedures (most
commonly a craniotomy). Every attempt should be
made to utilize any preexisting incisions or injuries
to minimize unnecessary incisions and improve
the overall efficiency of the surgery. In cases where
existing soft-tissue injuries do not provide adequate
access, standard gingivobuccal sulcus incisions allow
adequate exposure of all four (left and right NM and
left and right ZM) anterior buttresses.'* Care should
be taken to leave enough of a mucosal cuff (2-4 mm)
along the alveolus to allow closure of the incisions
after fracture fixation. Failure to leave an adequate
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mucosal cuff results in retraction of the mucosa along
the incision line and can complicate closure. In cases
where the traumatic event does not allow creation of
this mucosal cuff, closure can be obtained by suturing
around the teeth. Exposure of the periorbital bones
can be obtained via subciliary, transconjunctival, lat-
eral canthotomy / cantholysis, and brow approaches.™
Full exposure of the zygomatic arch, especially the ZT
suture line may require a hemicoronal or preauricular
incision for adequate exposure.

After adequate exposure is obtained, all impacted
segments need to be disimpacted to allow proper
realignment and fixation. This can be accomplished
with disimpaction forceps or commercially available
disimpaction devices. Once fragments have been
disimpacted, proper reduction and alignment of the
fracture segments can proceed. Initial attention should
focus on restoration of the proper orientation of the
zygoma because it is central to normal facial projection
and maintenance of proper facial width. Initial reduc-
tion at the ZF suture line provides a reliable starting
point for resuspending the facial skeleton and restoring
proper vertical height. Furthermore, the ZF suture is
the strongest point for stabilization of the midface.”™*
Fixation of the ZF suture is easily accomplished with
1.3 or 1.5 mm plates. The use of larger plates is not
required in this location and can often result in the
reconstruction plates being conspicuous under the
relatively thin skin in this location. In order to ensure
proper midface projection, at this point, the author
prefers to assess the reduction and position of the
zygomatic arch. Failure to properly reduce the arch
will result in a loss of facial projection and malar flat-
tening. It may not be necessary to fixate arch fractures;
however, if the arch is comminuted or is unstable after
reduction, it should be plated. Because this is not a
load-bearing bone, use of smaller plates is indicated
and will reduce the incidence of plate prominence
through the skin. The surgeon should remember that
the midpoint of the zygomatic arch is actually straight
and needs to be reconstructed in this manner to restore
proper midface projection.” Once proper arch position
is established, reduction and fixation of any malar/
orbital rim fractures give stability to the reconstruction
and helps to reestablish midface width and projection.
Failure to properly reduce these fractures results in a
flattened, widened midface.”

The question of orbital exploration often arises in
the treatment of midface fractures. Enopthalmos is the
most significant complication of inadequate reduction
of orbital fractures (see Chapter 24, Orbital Trauma and
Nasoethmoid Fractures for a thorough discussion of
orbital fractures).* Preoperatively, radiological criteria
exist to guide the surgeon in making this decision. Se-
vere comminution or displacement of the orbital rim,



prolapse of orbital contents, >50% displacement of the
orbital floor, floor fractures >2 cm? or the combina-
tion of medial and orbital floor fractures are consid-
ered radiological indications for orbital exploration.’
However, even without these radiological findings,
impaction of fracture segments can mask the full extent
of orbital fractures. Reduction of these fractures then
results in a much larger floor defect than may have
been appreciated. In the author’s opinion, if there is
any question of the extent of an orbital floor fracture,
or the stability of the orbital floor, the orbit needs to
be explored. This can be done endoscopically through
defects in the antral wall or via standard approaches.
The risks of postoperative enopthalmos far outweigh
the risks of orbital exploration at the time of fracture
reduction.

At this point, fixation of the ZM and NM buttresses
restores the vertical height of the midface. The ZM
buttress is more stable and more important in rees-
tablishing the vertical height of the midface than the
NM buttress.”' In cases of severe comminution or loss
of bone of the ZM and NM buttresses, bone grafting
may be necessary. Reconstruction plates and screws
(including mesh plates) are not designed to bear the
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loading forces of mastication and will fail over time
without good bone-to-bone contact.”'* This may result
in postoperative malocclusion, loss of midface width,
and loss of midface height. As a general rule, gaps
>5 mm should be bone grafted to ensure the stability
of the repair."* It is not uncommon during the initial
treatment of battlefield craniofacial injuries that a con-
comitant craniotomy is performed. The inner table of
the cranial flap provides an excellent bone source for
grafting of midface defects, provides a large amount
of bone, and does not require additional incisions or
an additional harvest site. Split calvarial bone grafts
are also useful in the repair of orbital bone defects. The
iliac crest provides another excellent source of bone.
However, the iliac crest may not be available in cases
of severe polytrauma involving the limbs.

A short comment on concomitant soft-tissue inju-
ries. Battlefield trauma often involves not only severely
comminuted craniofacial fractures, but also substantial
loss of overlying soft tissue. Soft-tissue injuries and
treatment are covered elsewhere in this book; however,
the surgeon must keep in mind that the underlying
bony construct must have adequate, well-vascularized
soft-tissue covering for ultimate success.

SUMMARY

In general, the same standard guidelines for
the management of midface trauma seen in the
civilian setting hold true for the management of
midface trauma seen in the wartime setting. It is
important to remember, however, that the injuries
seen in war tend to be larger, more complex, and
have a higher incidence of concomitant intracra-
nial or open cranial injuries, orbital injuries, soft-
tissue loss, and polytrauma that can complicate
and possibly delay treatment of the fractures.

Key points that the surgeon should remember in-
clude the following:

e Preoperative evaluation should include three-
dimensional CT rendering of the injury to
provide a better assessment of the fractures.

e Careful evaluation of preoperative imaging
is required to look for associated orbital and

intracranial injuries to include vascular inju-
ries and palatal injuries.

* Initial establishment of preinjury occlusion is
essential and may require proper reduction of
palatal fractures to reestablish the maxillary
dental arch.

 Prior to plating of the vertical buttresses, the
ZT suture and proper reduction of any zygo-
matic arch fractures are required to reestablish
the width and projection of the midface. Plat-
ing of the vertical buttresses first will result
in posterior displacement of the vertical but-
tresses and midface flattening.

* Bony loss of >5 mm will require bone grafting
because the rigid plates and screws will not
support the forces of mastication and will fail
over time, thus compromising the functional
and cosmetic results of repair.*”%1012141718

CASE PRESENTATIONS

Case Study 25-1
Presentation
A 23-year-old US forces male was injured by an IED

that struck his vehicle while on patrol outside of Bagdad,
Iraq, in September 2009. He arrived at the emergency

department in Balad, Iraq, intubated and unresponsive.
Vital signs were stable upon arrival. Physical examination
demonstrated significant right-sided midface bony and
soft-tissue injuries, with an obvious fragmentary injury
to the right temporoparietal scalp, as well as multiple
contusions and lacerations to the head and neck. Trauma
resuscitation began in the emergency department.
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Preoperative Workup/Radiology

Fine-cut facial and head CT were performed, dem-
onstrating significant midface, orbital, and intracranial
injuries, from both the blast and fragmentary injury.
Injuries included a large subdural hematoma, a com-
minuted right ZMC fracture with extensive commi-
nution of the malar eminence and orbital rim, lateral
and inferior orbital wall fractures, and a large metal
fragment lodged in the right orbit. CT angiography
did not demonstrate any major intra- or extracranial
vascular injuries.

Operative Planning/Timing of Surgery

The presence of a large, expanding intracranial
hemorrhage necessitated immediate neurosurgical
intervention and craniotomy. Management of the
midface fractures occurred after initial neurosurgical
treatment and stabilization.

Operation

Initial management involved a large craniotomy
with control of intracranial hemorrhage and removal
of intracranial fragments in conjunction with neuro-
surgery. The midface fractures were then exposed,
revealing loss of bone of the lateral and inferior orbital
walls, as well as loss of some malar bone. Split calvarial
bone grafts were obtained from the inner table of the
cranial bone flap (Figure 25-3). The metal fragment was
carefully removed from the right orbit, and the globe

Figure 25-3. Split calvarial bone grafts. Split calvarial bone
grafts can often be obtained during in-theater fracture fixa-
tion from the cranial bone flaps done during craniotomy
procedures. This bone is sturdy and well suited for grafting
areas of bone loss in the midface and orbit.
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was preserved. The fractures were then reduced and
rigidly fixated, with bone grafts used in the orbital
floor, lateral orbital wall, and ZM buttress. The com-
minuted nature of the fractures involving the lateral
orbital wall were secured with a combination of plates
and wires because the small bone fragments would not
allow for rigid screw fixation (Figure 25-4). Because of a
delay in evacuation, a postoperative scan was obtained
to evaluate the intracranial injury. Scans revealed that
the right ZT suture and a posterior zygomatic arch
fracture were inadequately reduced, causing widening
of the midface. This required secondary reconstruction
stateside (Figure 25-5).

Complications

There was inadequate reduction of the right ZT
suture and posterior zygomatic arch fracture, resulting
in midface widening and decreased projection. This
required secondary reconstruction stateside.

Lessons Learned

This case illustrates several important points. First
and foremost, failure of adequate identification and
reduction of the ZT suture and zygomatic arch resulted
in flaring and widening of the midface and required a
secondary reconstruction. It cannot be overstressed the
importance of properly identifying and reducing the ZT
suture in order to properly reestablish midface width
and projection prior to securing the ZM and NM but-
tresses. Second, this case illustrates the ease and utility
of cranial bone grafts in stabilizing fractures in cases
of bone loss. Third, in cases of severely comminuted
fractures, the small bone fragments may not accept
screw fixation. In these cases, it is often possible to use
transosseous wires to secure the bony fragments in place
to an overlying rigid plate. Finally, this case illustrates
the frequency of concomitant orbital and cranial injuries
that occur with the midface injuries seen in wartime.

Case Study 25-2
Presentation

A dismounted 32-year-old Iraqi Forces soldier was
injured by an IED blast while on patrol in Balad, Iraq,
in May 2009. He presented with a massive left mid-
face bony and soft-tissue injury, as well as an orbital
fracture. He suffered loss of the majority of the ZM
buttress and malar eminence. His injuries were initially
repaired using rigid fixation; however, the loss of bone
was not addressed (Figure 25-6). He returned several
months after his initial injury with cosmetic concerns.
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Figure 25-4. Wire reduction of comminuted bone fragments. This photo demonstrates the combined approached of rigid
screw and plate fixation combined with wire fixation of comminuted lateral orbital rim fragments (arrow), as well as split
calvarial bone grafts to the lateral orbital wall (arrowhead).

Examination demonstrated collapse of the midface
soft tissues over the injury site, as well as flattening of
the midface and loss of midface height (Figure 25-7).

Preoperative Workup/Radiology

Three-dimensional CT revealed near total loss of
the left malar eminence and ZM buttress system. The
zygoma, alveolar ridge, and lateral and infraorbital
rims were in good position (see Figure 25-6).

Operative Planning/Timing of Surgery

As this was essentially a secondary cosmetic re-
pair, surgery was scheduled on a routine basis. The
reconstructive procedure occurred in October 2009,
approximately 5 months after his initial injury and
repair.

Operation

The patient subsequently underwent repositioning
and bone grafting of the left midface defect using an
iliac crest free bone graft (Figure 25-8). The approach was
made through the scar left from his initial injury, and at
the same time a scar revision was performed. Repair re-
stored the proper midface height and volume, and greatly
reduced the volume loss of the midface (Figure 25-9).

Complications
None.
Lessons Learned

This case illustrates what happens in cases of
bone loss that is not repaired. The overlying soft-
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Figure 25-6. Repair of midface fracture without addressing
Figure 25-5. Midface widening and flattening. This photo  bone loss. Note the significant loss of bone at the malar
demonstrates a suboptimal result due to inadequate fracture eminence and zygomaticomaxillary buttress.
reduction at the zygomaticotemporal suture line and failure
to adequately address a zygomatic arch fracture (arrowhead).

Figure 25-7. Loss of midface projection and height. Note the Figure 25-8. Use of iliac crest bone graft. Demonstration of
loss of projection of the midface secondary to loss of bone the use of an iliac crest bone graft to restore bone lost at the
at the malar eminence and zygomaticomaxillary buttress. zygomaticomaxillary buttress and malar eminence.
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tissue envelope will invariably scar into the defect,
resulting in substantial volume loss and cosmetic
deformity. Over time, the soft-tissue envelope will
also contract, making subsequent attempts at sec-
ondary reconstruction more difficult. Additionally,
the loss of bone at the ZM suture in this case resulted
in loss of midface height and projection because the
remaining zygomatic arch became posteriorly and
inferiorly displaced.

Case Study 25-3
Presentation

A 20-year-old US soldier was injured in a noncom-
bat-related fall, sustaining a right ZMC fracture. Physi-
cal examination was remarkable for right periorbital
edema only. There was no evidence of entrapment
and no visual acuity changes. The patient’s occlusion
was found to be normal, and there was no apparent
cosmetic deformity.

Preoperative Workup/Radiology

Fine-cut facial CT revealed right maxillary mucosal
thickening with no apparent bony deformity and no
evidence of orbital herniation into the maxillary sinus.
Subsequent three-dimensional rendering revealed a

Midface Fractures

Figure 25-9. Postoperative view. Note the improved midface
projection after iliac crest bone grafting. Contracture of the
overlying soft-tissue envelope limited the overall cosmetic
result.

significant orbital rim step-off and flattening of the
malar eminence (Figure 25-10).

Operative Planning/Timing of Surgery

Because of a lack of other significant injuries, this
patient was managed similar to standard civilian

Figure 25-10. Three-dimensional CT (computed tomography) scan. This illustrates the improved detail afforded with three-
dimensional imaging. The three-dimensional image demonstrates the significant zygomaticomaxillary buttress fracture
(arrow) and orbital rim fracture (arrowhead) much clearer than the coronal CT scan.
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practices. Surgery was performed approximately 12
hours after the initial injury.

Operation

The patient subsequently underwent uncompli-
cated open reduction and internal fixation of his
fractures. Approach was made through a combined
lateral canthotomy/cantholysis and sublabial ap-
proach. Because of the bony step-off of the infraorbital
rim, as well as the associated floor fracture, orbital
exploration was performed. The floor was fractured,
but well reduced and stable; no orbital floor implants
were needed. The patient was subsequently returned
to duty 2 weeks after his injury. He did not require

Complications
None.
Lessons Learned

This is an illustration of the improved information
provided by three-dimensional imaging of midface
fractures. This patient could easily have been man-
aged nonoperatively based on the standard CT images.
However, the three-dimensional imaging demonstrat-
ed a fracture pattern that, if left untreated, would have
resulted in a significant cosmetic deformity. Addition-
ally, this case reinforces the findings of Lopez et al®
that plating of fractures in theater is feasible in select

evacuation from theater.

cases and improves the return-to-duty rate in theater.
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