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The management of craniomaxillofacial ballistic injuries
presents a difficult yet rewarding challenge to the recon-
structive surgeon. The extent of osseous and soft tissue loss
often necessitates extensive operative interventions and
postoperative care. Historically, surgical management has
focused on delayed reconstruction secondary to high rates of
wound infections, necrosis, and ischemia.1 To optimize out-
comes, interventions have been divided into three distinct
stages: initial patient stabilization, definitive reconstruction,
and secondary refinement. With the popularization of
microvascular free flaps, contemporary methods have
shifted toward earlier and definitive reconstruction,2,3

decreasing hospital length of stay and the number of surger-
ies required.4 Importantly, the variability in injury pattern
and complexity in reconstruction requires a systematic
approach toward intervention to mitigate complications

and optimize overall functional and aesthetic outcomes.
Herein, we review themanagement of facial ballistic injuries
in an effort to update management paradigms and facilitate
surgical planning.

Epidemiology

Firearm injuries have declined approximately 69% over the
past twodecades.5 Themost common causes include suicide,
accidental firearm discharge, and assault.6 While the major-
ity of injuries are nonfatal, most require extensive hospitali-
zation.7 A large review of more than 4,100 gunshot injuries
found that 6% involved the face.8 The overall mortality
attributable to facial ballistic injuries is relatively low
(< 10%), with the majority of fatal injuries involving airway
compromise and major vascular injury.6,7
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Abstract Craniomaxillofacial gunshot injuries, resulting from assault, suicide attempts, and
accidental trauma, represent a major public health dilemma in the United States. Due
to the extent of injury and resulting osseous and soft tissue loss, facial gunshot wounds
pose a unique challenge to the reconstructive surgeon. Initial management should use
advanced trauma life support principles with the goal of patient stabilization. Acute
operative management should center around wound decontamination, debridement,
and temporary closure. Historically, definitive surgical management focused on
delayed reconstruction secondary to high rates of wound infections, necrosis, and
ischemia. With improvements in imaging modalities, the advent of virtual surgical
planning, and the popularization of microvascular free flaps, contemporary methods
have shifted toward earlier more definitive reconstruction. Autologous free tissue
transfer has resulted in a decrease in hospital stay and the number of overall surgeries.
Importantly, due to the variability in injury pattern and complexity in reconstruction, a
systematic approach toward intervention is needed to mitigate complications and
optimize overall functional and aesthetic outcomes.
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Facial gunshot wounds (GSWs) may further decline with
increased implementation of safe firearm storage, limitation
of access, and education regarding appropriate firearm han-
dling.6 Froma clinical perspective, understanding underlying
causes may allow reconstructive surgeons to serve as edu-
cators and advocates in mitigating such injuries.

Firearms and Ballistics

Projectile and firearm properties, distance and orientation
betweenmuzzle and target, and tissue characteristics all affect
the resulting gunshot wound.2,3,9 A projectile’s wounding
capacity is directly related to the kinetic energy (KE) trans-
ferred to tissues (KE¼½ mass" velocity2). Thus, the missile
velocity has the greatest impact on ballistic energy.

Ballistic velocities are classified as low (< 1,200 feet
per second), medium (1,200–2,000 feet per second), and
high (> 2,000 feet per second).3 Low-velocity projectiles often
cause lacerations and crush injuries, where high-velocity
projectiles generate pressure and shock waves producing
cavitation.2 Projectiles that fragment on tissue contact
increase the surface area of injury and may release more
kinetic energy.9 Tissue elasticity, density, and anatomical
relationships also contribute to wound characteristics. Bone
fragments and teethmay become secondarymissiles, increas-
ing the injury severity, where the elasticity of muscle and soft
tissue may be more accommodating.3,10

There are threemain classes of firearms: handguns, rifles,
and shotguns.2 Handguns are small, low-velocity firearms.
They tend to cause small entrance wounds, deflect or stretch
soft tissues, and cause more bony damage.11 Rifles, at a
distance, may create low-energy wounds, similar to low-
velocity handguns.2,11 However, at a close range, they may
create high-velocity, high-energy wounds, causing avulsion
of soft and hard tissues with significant bone fragmenta-
tion.2,11 The need for the management of high-velocity rifle
injuries in the civilian environment is relatively uncommon
due to their lethality and the preponderance of pistols as the
mechanism. Shotguns disperse pellets in a conical trajectory,
producing a large impact area with less range and accuracy
than rifles.2,11 A frequent choice for suicide attempts, close-
range shotgun wounds cause massive tissue destruction.

Acute Management

Primarymanagementmust consist of resuscitative, life-saving
measures following the advanced trauma life support (ATLS)
algorithmic guidelines. Initial attention should always be on
maintaining a patent airway and adequate ventilation.1,12

Laryngeal injuries, displaced teeth, tongue and bone frag-
ments, hemorrhage, and soft tissue edema may quickly cause
airway compromise.3 Fluids and blood products should be
administered while controlling bleeding3 and maintaining
cervical spine precautions.8 Trauma-related coagulopathy
may ensue, and massive transfusion protocols are helpful in
guiding component-specific replacement. A neurologic evalu-
ation is required,with concurrentbrain injuries seen in around
17% of patients with GSWs.5,8,9

The complete physical examination is crucial in the acute
setting. A large study of GSW patients revealed 36% suffered
multiple wounds, including abdominal injuries.5 Failure to
recognize additional injuries due to distraction from the
facial wounds may be lethal. Ocular injuries are common,
and careful ophthalmological examinations must be per-
formed and documented.5 Occlusion should also be assessed
as this may help predict maxillary or mandibular injuries.13

Initial radiographic imaging should include a maxillofa-
cial computed tomography (CT) scan with thin 1-mm cuts.
This should be performed concurrently during CT scans of
the head to assess for intracranial injuries.

Timing of Surgical Management

Facial gunshot wounds may result in central nervous system
(CNS) injuries. Neurosurgical interventions should always be
performed prior to any reconstruction (management of intra-
cranial hemorrhage, decompressive craniectomy, etc.). Facial
GSWs may directly or indirectly result in traumatic brain
injuries, with higher rates of morbidity and mortality seen
with self-inflicted wounds.14 Neuroendocrine dysfunction is a
commonconsequence causingwater andelectrolyte abnormal-
ities including diabetes insipidus and the syndromeof inappro-
priate antidiuretic hormone secretion. Careful monitoring is
required, with caution that prolonged reconstructive proce-
dures may exacerbate fluid and electrolyte derangements.

Due to reconstructive complexity, a short delay in inter-
ventions allows the surgical team time to adequately plan the
operative approach. It also allows communicating with the
patient, family members, or the medical power of attorney
regarding management options, risks, and benefits.

Once a patient is hemodynamically stable, early surgical
management should focus on injuries involving globe com-
promise and coverage of exposed intracranial contents.
Wound decontamination through irrigation and debridement
of devitalized tissues and “temporary” coverage should be
performed. If tissue viability is in question, it should be left to
declare itself and reexamined in the operating room every 24
to 48hours.15Galeal flapsmay provide temporary coverage to
maintain a boundary between intracranial contents and the
extracranial space (►Fig. 1). Additionally, xenograft or allo-
graft may be used to temporarily cover defects.

The appropriate time for definitive reconstruction varies by
patient and the extent of injury. Mandibular fractures do not
need to bemanaged immediately; however, patientdiscomfort
with eating argues for early reduction and stabilization.13,16

Soft tissue edema may obscure operative evaluations and
results of surgery, and surgical delays of 5 to 7 days may be
reasonable. This is particularly helpful in the periorbital region
to allow for swelling resolution.13 Lengthy delays are not
recommended as fracture consolidation and soft tissue con-
tractures make treatment difficult beyond 10 days.13

Surgical Planning

Virtual surgical planning (VSP) has become an invaluable tool
in reconstructive operations.17 However, the extent of the
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defect may not be completely known until intraoperative
examinations and debridement are complete. Computer-aided
planning involves computer-aided design and computer-aided
manufacturing (CAD/CAM) technology, converting two-di-
mensional CT data in Digital Imaging and Communications in
Medicine (DICOM) format into accurate 3-dimensional repre-
sentations (►Fig. 2).18 Virtual surgery allows manipulation of
digital prototypes to restore anatomical structures. The
creation of stereolithographicmodels further assists in design-
ing custom cutting guides, plates, and implants.11,18 New
manufacturing processing allows for custom-formed plates
to minimize operative bending and manipulations. VSP can
also incorporate data from stock donor sites or patient-specific
donor locations to incorporate autologous tissue reconstruc-
tion. Intraoperative guides, navigation systems, or intra-
operative CT scans further assist in reconstructive efforts.

VSP continues to evolve into common practice and much has
been published about its success.17–20

Operative Principles

General Considerations
Reconstructive optionsmust consider the extent of the injury,
loss of soft tissue and bone,21 and functional and aesthetic
outcome goals. Basic principles in facial skeletal reconstruc-
tion include establishment of facial projection, restoration of
facialwidth, and realignmentof propermaxillary–mandibular
occlusion (►Fig. 3a, b).22 Techniques involving fracture expo-
sure, reduction, and rigid fixation generally follow the same
principles of routine facial fracture management. Significant
trauma may necessitate increased exposure with incisions
such as the modified Weber–Ferguson incision (►Fig. 4).

In addition to restoration of anatomical relationships of
the facial skeleton, important barriersmust be reestablished:
separation of the sinonasal cavity from the anterior cranial
fossa, and the oral and orbital cavities. Efforts to support the
orbital contents and maintain globe position, sustain a
patent nasal airway, and preserve oral competence, speech,
and mastication are of great functional importance.

Skeletal Fixation
After irrigation and debridement, the skeletal dimension
should be corrected and stabilized. With multiple craniofacial
injuries, it may be helpful to reconstruct the zygomatic arch
early as it sets facial width and projection, establishing a frame
for the remainder of the face.3,23 If mandibular fractures are
present, early reestablishment of bone continuity and occlu-
sionareessential to restore the remaining facial skeleton.3,5,9,24

Low-velocity gunshot wounds of the mandible frequently
create a good deal of comminution and soft tissue loss, partic-
ularly of the mucosa. Wide exposure, although frequently
necessary, may result in large bone defects, with smaller

Fig. 2 Maxillofacial computed tomography (CT) scans are important
in preoperative planning. Three-dimensional renderings can be used
to facilitate virtual surgical planning and the manufacture of custom
cutting guides and plates.

Fig. 1 The galeal flap can provide temporary coverage of cranial
defects, maintaining a boundary between intracranial contents and
the extracranial space.

Fig. 3 Reconstruction of the facial skeleton aims to achieve the
establishment of facial projection, restoration of facial width, and
realignment of proper maxillary–mandibular occlusion. If these goals
are not achieved, poor outcomes result. (a) Anterior and (b) lateral
views of a patient demonstrating the reconstructive challenges of
facial gunshot wounds.
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fragments typically not useful for fixation. Additionally, bone
grafting these defects must be accompanied by watertight
mucosal closure to prevent salivary contamination. In some
cases, external fixation of the mandibular injury should be
considered (►Fig. 5a, b). Stabilization in this way allows
immediate range of motion while allowing consolidation of
bone fragments and remucosalization, greatly simplifying
treatment.

Bone Grafts
Bone defects larger than 5mm are best treated by bone
grafting.3,9,23 Unlike radiation-induced graft resorption after
cancer resection, trauma-relateddefects are treated extremely
well with nonvascularized bone grafts as long as vascularized
soft tissue coverage is available. Potential donor sites include
the iliac crest, rib, and cranium. The iliac crest bone, similar in
thickness to the natural mandible, is the preferred option for

mandibular defects (►Fig. 4).3 For cranial, orbital, andmidface
defects, rib grafts are a good donor option due to their
abundant source and contour (►Fig. 6).25 When there is
insufficient vascularized soft tissue coverage, it may be neces-
sary to use a free tissue flap in conjunction with the non-
vascularized bone graft. While some prefer to use
osteocutaneous flaps, in these cases, combining bone grafts
with separate free soft tissue transfer allows a great deal of
finesse as the placement of the one element is not contingent
on the location of the other.

In larger defects, generally greater than 6 cm, vascularized
bone is preferred. The fibula osteocutaneous free flap is often
used (►Fig. 7a–c). The skin paddle can create the oral lining,
cutaneous coverage, or both, while thefibula offers good bone
stock.15 When used for mandibular reconstruction, the fibula
and native mandibular height discrepancies may not permit
ideal osseointegrated implant placement, and a double-barrel
fibula free flap may be preferred.15,26 Additional vascularized
bone flap options include the radius, scapula, and ilium.27

Osteogenic distractionmaybe an additional option for large
mandibular defects.11,28,29 This method has the ability to
simultaneouslyexpand thevolumeof bone, gingiva, soft tissue,
and theneurovascular supply. The long treatmentdurationand
need for at least two operations may limit its use.15

Soft Tissue Coverage
It is often possible to close soft tissue primarily with a simple
reapproximation of adjacent tissue. Local rotation and advance-
ment flaps may also be employed. It is critical, however, not to
compromise existing tissue with significant undermining or
excessive tension on skin edges. Extensive soft tissue defects
may require free tissue transfer, as previously discussed, and
with advancements in microsurgical techniques, this has
become the gold standard for trauma-related facial reconstruc-
tion. Free flap options are at the surgeon’s discretion, with a
careful consideration of the tissue types requiring reconstruc-
tion and the characteristics of the donor site (e.g., available skin
paddle, soft tissue bulk, fascia, muscle, and skeletal support).
With massive soft tissue defects, it is important to consider not
only the loss of the skin envelope but also the need for lining
components (e.g., conjunctiva, oral mucosa, and nasal mucosa).
If this is not achieved, contraction, fibrosis, fistula formation,
and chronic infections may result.

Thin fasciocutaneous free flaps have good pliability and
can accurately recreate cheek contour.3 The anterolateral

Fig. 4 Significant trauma may necessitate increased operative ex-
posure with incisions such as the modified Weber–Ferguson incision.
In the patient shown, the maxilla was reconstructed with an iliac crest
bone graft and plated for stabilization.

Fig. 5 Comminuted fractures with adequate soft tissue coverage can
be stabilized with external fixation promoting osteogenic regenera-
tion. (a) Preoperative radiograph revealing a comminuted mandibular
injury. (b) Postoperative imaging after external fixation placement.

Fig. 6 Rib grafts are a good option for the reconstruction of cranial
and midface defects. Ribs are an abundant source and provide good
contour.
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thigh flap and the radial forearm flap are good options for
facial soft tissue reconstruction. Both allow for an additional
team to simultaneously perform the donor harvest, reducing
operative time. Both are relatively thin, have a long vascular
pedicle, provide an adequate skin paddle, and have low
donor-site morbidity.

Face Transplantation

If all previous reconstructive options have been exhausted,
with insufficient functional and aesthetic results, a possible
alternative is facial composite tissue allotransplantation. First
performed in 2005, techniques and experiences have contin-
ued to evolve with more than 40 face transplants performed
worldwide.30 The proposed form, functional benefits, and
overall quality of life must be carefully assessed due to lack
of donors, complexity of the operation, consequences of long-
term immunosuppression, and potential catastrophic out-
comes if the transplantation fails. A patient must be a suitable
candidate requiring psychosocial stability, requiring a strong
support system, and demonstrating compliance to treatment
regimens.30 Although there are limited data on transplant
outcomes following GSWs, available reports are encouraging,
with excellent aesthetic outcomes, recovery of facial sensory
and motor function, and improved quality of life.30–33

Conclusion

Facial gunshot wounds pose a considerable challenge to the
reconstructive surgeon. The resultant soft tissue and osseous
defects require thorough assessment with meticulous opera-
tive planning for repair. Due to the complexity of injury
patterns, a systematic approach is necessary with initial
management centered upon ATLS protocols of stabilization
and resuscitation.With the advent of free tissue transfer,more
immediate interventions have come into favor, resulting in
improved functional and cosmetic outcomes. Although early
definitive reconstructive procedures have resulted in a
decreased need for further surgery, secondary revision pro-
cedures allow for further optimization and should be consid-
ered on a case-by-case basis.
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