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INTRODUCTION
“ I am eliminating one category of fractures from this study 
– gunshot wounds… these are veritable explosions in the 
face and are without surgical interest.”

-René Le Fort in Experimental Study of Fractures of the 
Upper Jaw, 1901

Over 100 years after Rene Le Fort’s seminal  publication,1 
treatment of the ballistic facial trauma  patient remains a 
complex endeavor. Nowhere else is form and function 
more intimately intertwined. Ballistic injuries are respon-
sible for 2–6% of civilian facial fractures,2,3 with 6–81% of 
these injuries being self-inflicted.4–8 Maxillofacial trauma 
represents 26% of U.S. soldier battlefield injuries in the cur-
rent Middle Eastern conflict.9 With the refinement of cra-
niofacial plating systems and free tissue transfer, the arsenal 
of tools at our disposal to achieve cosmetically functional 
outcomes has vastly improved. However, management of 
these patients remains a complex venture requiring a sys-
tematic and multidisciplinary team approach. Evidence on 
how to best manage ballistic facial injuries remains scarce.

Facial ballistic injury patterns vary widely. High versus 
low velocity are common terms used to classify ballistic 
wounds.10–12 However, these descriptions do not necessar-
ily translate into clinically observed wounding capacity.13 
Clark et al.5 used the more clinically useful terms avulsive 
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and nonavulsive. These 2 types of injuries require signifi-
cantly different management strategies.

In nonavulsive injuries, fractures tend to be commi-
nuted, but the majority of soft tissue remains—these inju-
ries can usually be managed as blunt facial fractures with 
overlying lacerations. Avulsive injuries result from higher 
energy transfer with varying degrees of soft tissue and 
bone loss—these injuries pose a greater reconstructive 
challenge and are the focus of this article. Avulsive injuries 
generally result from close-range shotgun, rifle, and high-
powered handguns. Furthermore, analogous to burns, 
ballistic injuries result in different zones of injury.14–16 The 
area of avulsion represents the area of immediate tissue 
loss and necrosis. This is surrounded by an area of evolv-
ing necrosis, which can further increase in size, should a 
secondary insult such as infection or hemodynamic com-
promise occur.

The aim of this study was to systematically review the 
evidence on how to best manage high-energy avulsive bal-
listic facial injuries and to describe the senior author’s 
(E.D.R) staged reconstructive approach.

METHODS
A MEDLINE search was conducted through June 30, 

2017, using the following terms: “facial ballistic wound/
injury” OR “facial gunshot wound/injury” AND “man-
agement” OR “treatment” OR “reconstruction.” Articles 
were reviewed for the following inclusion criteria: (1) hu-
man studies; (2) described the treatment of skeletal and 
soft-tissue ballistic trauma; (3) provided outcomes data 
related to postoperative complications and/or aesthetic 
outcomes; and (4) were available in English. Exclusion 
criteria included (1) publications before 1980; (2) stud-
ies not separately reporting outcomes of ballistic trauma 
patients if other forms of trauma were included; (3) re-
ports with fewer than 5 patients; and (4) letters to the 
editor, conference abstracts, review articles, and opinions 
(Fig. 1).

Intervention timing definitions included the  following:

-  Immediate debridement: debridement performed 
within 48 hours of injury.

-  Immediate definitive reconstruction: segmental but-
tress bone grafting, local, and/or free tissue transfer 
performed during initial debridement and fracture 
fixation.

-  Early definitive reconstruction: definitive recon-
struction performed during initial admission once 
wounds stabilized or within 30 days of injury.

-  Delayed definitive reconstruction: definitive recon-
struction performed greater than 30 days after in-
jury.

Titles, abstracts, and full texts of identified articles 
were reviewed. Additional articles were selected via review 
of references of initially identified articles. Extracted vari-
ables included study’s first author, country of origin, num-
ber of patients, patient age, follow-up period, and major 
findings including complications. Potential study weak-
nesses were tabulated. Included studies were assigned a 

level of evidence using the American Society of Plastic 
Surgeons Rating Levels of Evidence and Grading Recom-
mendations.17

RESULTS
Initial query revealed 41 articles, with 17 articles meet-

ing inclusion criteria (Table 1).4,5,7,10–12,18–28 Seven of the 
9 studies (78%) advocating delayed reconstruction were 
from the Middle East, whereas 5 of the 6 studies (83%) 
advocating immediate or early definitive reconstruction 
were from the United States. Self-inflicted injuries were re-
sponsible for 40.3% (241 of 598) of wounds,4,5,7,10,12,21,22,24–27 
after excluding studies that did not include self-inflicted 
injuries.

Debridement Timing
No data were available to guide surgical debridement 

timing.

Definitive Buttress Reconstruction and Timing
Vásconez et al.10 showed that delayed fracture fixation 

required twice as many surgical procedures and longer 
hospitalizations compared with immediate debridement, 
skeletal fixation, and definitive soft-tissue coverage. In 1 
delayed definitive reconstruction study, only 25% of pa-
tients returned for reconstruction.21

Regarding midface defects, the majority of studies 
relied on bone grafting4,5,7,10–12,23–27 and occasionally rib 
grafts wrapped in vascularized omentum covered with skin 
grafts.5,7 Mandibular defects were primarily managed with 
iliac crest grafts and occasionally with fibula osteoseptocu-
taneous (FOSC)5,10,25,26,28 or radial forearm osteoseptocuta-
neous flaps.25 Outcomes could not be compared between 
reconstructive flap or graft choice. Furthermore, no study 
provided details regarding their flap selection approach.

Aesthetic Outcomes
Vásconez et al.10 reported a decreased incidence of 

soft-tissue contracture (35% versus 69%) between imme-
diately managed injuries compared with delayed fracture 
fixation and soft-tissue reconstruction. Three delayed 
definitive reconstruction studies reported poor cosmesis 
in 33–50% of patients.25,26,28 Aesthetic outcomes were ei-
ther not reported or uninterpretable in the remainder 
of studies.

DISCUSSION
High-energy avulsive facial ballistic injuries pose a 

significant reconstructive challenge. While the princi-
ples learned from the management of blunt facial frac-
tures5,29,30 and oncologic defects31–33 have been applied to 
these injuries, there are important differences requiring 
a modified approach due to questionable and evolving 
soft-tissue margin viability, greater bony comminution 
and devascularization, and bony and ballistic fragment 
sequestrum.5

This systematic review was conducted to determine if 
there is any objective evidence to guide the management of 
these complex injuries. Several questions exist, including (1) 
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How soon should initial debridement take place?; (2) When 
should fractures be fixated?; (3) How and when should seg-
mental buttress and soft-tissue defects be  reconstructed?

Level 3 evidence supports immediate debridement 
and skeletal fixation versus dressing changes and delayed 
fracture fixation, as the delayed group required twice as 
many surgical interventions and longer hospitalizations.10 
However, injury severity between these 2 treatment groups 
was not provided; therefore, it could not be determined if 
there was a bias for more severely injured patients in the 
delayed group. There appeared to be an overall higher 
incidence of infection and fistula with delayed defini-
tive12,21–23,26 compared with early definitive reconstruction 
(Table 1).5,11,27 However, these were case series with hetero-
geneous patient populations; therefore, direct statistical 
comparisons could not be made.

The majority of studies did not report aesthetic 
 outcomes.4,7,10–12,18–22,24,27 Of the few that did,5,23,25,26,28 
 outcomes were subjective and we were unable to com-
pare outcomes. However, 3 delayed reconstruction stud-
ies reported poor cosmesis in 33–50% of patients.25,26,28 
As a substitute for aesthetic outcomes, Vásconez et al.10 
demonstrated a decreased incidence of soft-tissue con-
tracture with immediate debridement and skeletal fixa-
tion compared with conservative management. No data 
exist to guide the optimal timing of free-tissue transfer or 
how long one can wait until first debridement.

There are several limitations to this study. The retro-
spective nature of all included studies raises the possibil-
ity of complication reporting bias. Many studies suffered 
from variable or short follow-up. We categorized high-
energy avulsive injuries as those where the study authors 
described segmental composite tissue losses of both bone 

Fig. 1. Systematic review: study selection process.
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and soft tissue; however, it is difficult to ascertain the con-
sistency of this reporting among studies. Reconstructive 
interventions also varied, further complicating outcome 
comparisons. It is interesting to highlight that 78% of stud-
ies that advocated delayed definitive reconstruction were 
from the Middle East.12,21,23–25,28 Meanwhile, 83% of studies 
advocating immediate or early definitive reconstruction 
were from the United States.4,5,7,10,11 This difference may be 
secondary to surgeon availability, microsurgical expertise, 
and resource allocation factors.

Ballistic trauma patients tend to be otherwise 
healthy, with most patients between the ages of 20 to 30  
years.5,10–12,18,19,21–28 Forty percentage of injuries were self-
inflicted; therefore, early psychiatric evaluation should be 
obtained. Every attempt must be made to achieve aestheti-
cally functional reconstructions to allow patients to pur-
sue fulfilling lives and to optimize their transition back to 
the workforce. Furthermore, these reconstructions should 
withstand the test of time, especially given that these pa-
tients are expected to achieve otherwise normal life ex-
pectancies.

Further comparative studies are needed; however, 
a randomized trial is not only exceedingly difficult, but 
arguably unethical. In the senior author’s experience, 
delayed management of avulsive ballistic facial injuries re-
sults in poor aesthetic and functional outcomes due to the 

untreatable soft-tissue contracture. Delayed reconstruc-
tion also risks loss to follow-up—75% of patients did not 
return for delayed definitive reconstruction in 1 study.21 
Although there is minimal consensus in the literature, the 
senior author adheres to the following algorithm (Fig. 2), 
with an emphasis on 3 key stages:

Stage I: Immediate Debridement and Skeletal Fixation
The distinction is first made between nonavulsive and 

avulsive facial injuries, with the former mostly being man-
aged as standard blunt facial fractures with overlying lac-
erations.

Although avulsive injuries may rarely require immedi-
ate free tissue transfer, we believe this should be avoided, 
as tissue margin viability is often in question, thus making 
it difficult to determine the extent of free tissue transfer 
requirements and risks placement of the microvascular 
anastomosis within a highly active zone of injury.

Immediate debridement within the first 48 hours—
if hemodynamic or neurologic stability permits—of 
obviously necrotic tissue is performed. Intraoperative flu-
orescence angiography can serve as a valuable adjunct to 
assess adequacy of debridement margins.34,35 This serves 
to dampen the inflammatory response and decrease the 
probability of infection, which can result in necrosis of 
potentially salvable tissues. Early tracheostomy and per-

Fig. 2. Ballistic trauma management algorithm. oR= operating room; FTSG = full thickness skin graft.
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cutaneous gastrostomy tube placement is obtained in pa-
tients with oral incompetence and comminuted occlusal 
injuries to facilitate maxillomandibular fixation and early 
nutrition.

Next, anatomic skeletal fixation is obtained to pre-
vent soft-tissue contraction over the deformed skeletal 
framework.29,36,37 External lacerations may be useful 
for access; however, the senior author has low thresh-
old for conversion to larger access aesthetic incisions 
for anatomic fracture reduction. Denuded commi-
nuted bone segments are debrided. If debrided bone 
segments are large enough and not significantly con-
taminated, they may be used as “spare parts” for upper 
and midface bone grafting. Immediate bone grafting is 
generally avoided in the mandible due to infection risk 
from salivary contamination.5,7,27 Cranialization should 
be performed during this initial procedure if there is 
significant nasal outflow tract disruption, as Bellamy 
et al.38 demonstrated a decreased incidence of central 
nervous system infection if performed within 48 hours 
of injury. Areas of segmental mandibular bone loss are 
then spanned by locking reconstruction plates, or less 
preferably, by an external fixator to keep the remaining 
skeleton in anatomic position.

Even with the most devastating injuries, more soft tis-
sue remains than may be initially apparent. Remaining 
skin and mucosal edges are approximated with limited 
and judicious undermining to prevent further ischemic 
insult. Small areas that cannot be closed are managed with 
wet to wet dressing changes and secondarily covered dur-
ing stage 2.

Repeat surgical exploration is performed every 48–72 
hours to debride further demarcated nonviable tissue. 
Anatomic skeletal fixation is confirmed with computed 
tomography (CT) imaging. This is the last opportunity 
to adjust any skeletal fixation before proceeding to stage 
2. Once the area of soft tissue loss has demarcated and 
the wound stabilized, ideally within 2 weeks of injury, 
segmental bone defect reconstruction and definitive 
soft-tissue coverage, including free tissue transfer, can be 
obtained.

Stage 2: Aesthetic Free Tissue Transfer
The fusion of craniofacial surgery and microsurgical 

reconstruction has led to a paradigm shift in the treat-
ment of complex craniofacial defects.39 As our primary 
organ of social interaction, optimization of facial aesthetic 
outcomes is paramount.

Fig. 3. Mandibular defect management algorithm. a, viable ipsilateral vasculature; B, nonviable ipsilateral vasculature; c, condylar involve-
ment; Dcia, deep circumflex iliac artery (iliac flap); VG, vein graft. (From Schultz BD, Sosin M, Nam A, et al. Classification of mandible defects 
and algorithm for microvascular reconstruction. Plast Reconstr Surg. 2015;135:743e–754 e.) ALT = anterolateral thigh.
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The improved reliability of free tissue transfer permits 
the surgeon proceed confidently in modifying the defect 
dimensions, if necessary, and thus follow the principles of 
aesthetic subunit reconstruction.32,40–43 Surgical planning is 
the key to success. Critical concepts include (1) recognition 
of facial aesthetic unit tissue characteristics; (2) definition 
of defect boundaries; (3) determination of tissue require-
ments—that is skin, mucosal lining, volume, and bone30; (4) 
intervention timing—with early reconstruction to minimize 
contracture; and (5) recognition of the need for secondary 
revisions to refine aesthetic subunits and color match.32

CT scans with 0.75–1.0 mm cuts are obtained for 3-dimen-
sional reconstruction and computerized surgical planning 
(CSP). Detailed facial anthropometric and cephalometric 
analysis is performed along with preinjury photographs and 
dental record evaluation when available. Two millimeter 
titanium plates are prebent using stereolithographic mod-
els and resterilized for operative efficiency.44,45 During the 
procedure, donor vessels are first explored, and the defect 
margins are confirmed. This ascertains the required skin 
paddle dimensions and pedicle length. Osteotomies are 
performed in situ; the segments are partially secured in 
their correct orientation with miniplates and confirmed on 
the stereolithographic model before flap procurement to 
limit ischemia time. The flap is then partially inset with fixa-
tion before anastomosis to prevent pedicle avulsion.

Lower Face Reconstruction
Bone grafting can be considered for defects < 5 cm, 

with iliac crest bone graft being preferred if there is there 
is no mucosal tissue loss.36,46 Avulsive ballistic trauma 
often results in composite tissue loss of the lower face, 
impairing skeletal support, facial height, projection, and 
oral competence. These complex defects require osteocu-
taneous microvascular free tissue transfer. Schultz et al.33 
present a systematic algorithm for flap selection based 
upon anatomic considerations of the defect, with larger 
defects and those involving the mandibular condyle fa-
voring the FOSC flap, whereas smaller defects can be re-
constructed with the deep circumflex iliac artery flap ± 
vein graft (Fig. 3).

Arguably the greatest limitation of CSP—the inabil-
ity to account for oncologic margins in the preoperative 
planning—does not generally apply to trauma, making 
CSP an even stronger tool in the reconstruction of avul-
sive ballistic trauma. Head-to-head comparisons of the 
traditional approach versus CSP have demonstrated im-
proved condyle position, bone-to-bone contact, plate/
fibular segment/mandible relationships,44 and de-
creased operative times.47 Furthermore, the FOSC flap 
allows placement of osseointegrative dental implants 
and ultimately improved rates of overall successful den-
tal rehabilitation.48,49

Fig. 4. periorbital defect management algorithm (Modified from Borsuk DE, Christensen J, Dorafshar AH, et al. Aesthetic microvascular perior-
bital subunit reconstruction: beyond primary repair. Plast Reconstr Surg. 2013;131:337–347.).
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Middle Face Reconstruction
Periorbital Defects

Periorbital reconstruction goals include globe protec-
tion and positioning. Eyelid defects can be reconstructed 
with a myriad of local tissue flaps and grafts50; however, 
when local tissues are insufficient, the ulnar forearm, fol-
lowed by the groin and ALT flap, are our flaps of choice 
depending on the defect characteristics (Fig. 4).31

In cases of globe and periorbital buttress loss, construct 
compatibility with osseointegrated implant-retained prosthesis 
significantly improves quality of life.51 Segmental buttress de-
fects are reconstructed with vascularized osteocutaeous flaps, 
as bone grafts undergo unpredictable reabsorption and fail to 
maintain facial projection over time.52,53 Buttress reconstruc-
tion is also critical for lower lid support and negative vector 
prevention. The FOSC flap is the flap of choice for midface 
and periorbital osseous defects as it can be osteotimized to re-
construct multiple buttresses,52,54 possesses a long pedicle, and 
has good bone stock for osseointegrated implants.

Maxillary Defects
Goals include reestablishment of facial projection, 

dental rehabilitation, vascularized skin and mucosal lin-
ing, fistula elimination, oral competence, and aesthetics. 
Local tissue flaps are used for skin and mucosal lining, 
but these are often insufficient for devastating avulsive 
injuries. Bone grafting is reserved for small defects with 
well-vascularized soft-tissue coverage.7,27,55 Larger buttress 
defects and smaller defects with insufficient lining require 
composite free tissue transfer. The senior author’s algo-
rithm for maxillary defects varies depending on the size of 
osseous buttress defect, pedicle length, and need for skin 
and or mucosa lining (Fig. 5).37

Upper Face Reconstruction
Ballistic injuries to the upper third of the face are par-

ticularly devastating, with higher mortality rates due to 
associated brain trauma.3 The author adheres to the 3 aes-
thetic subunit classification of the forehead.43 The lateral 
subunit benefits from robust vascularity, skin laxity, and 
a concave topography that facilitates scar concealment—
making it amenable to several reconstructive options. 
The central and paramedian forehead is aesthetically less 
forgiving. Great care must be taken to not distort brow 
symmetry and preserve the hairline when possible, thus, 
only small defects are amenable to local flap closure and 
free tissue transfer is more often required for resurfacing. 
This is especially true in the younger ballistic facial trauma 
population with less skin laxity.

The suprafascial ulnar forearm flap is our preferred 
option for forehead resurfacing, followed by the suprafas-
cial anterolateral thigh flap.43 Pericranial flaps are often 
employed for vascularized lining; however, in the event of 
significant composite tissue loss, the free fibula is the work-
horse flap for frontal bandeau reconstruction and watertight 
separation of the sinuses from the intracranial contents.

Stage 3: Secondary Revisions and Aesthetic Refinement
Cosmesis is further refined with tertiary procedures in-

cluding debulking, local tissue rearrangements, and serial 
excision of the free flap skin island or deepithelialization 
followed by full-thickness skin grafting with supraclavicu-
lar or postauricular skin for better color match. Hair mi-
crografting is a valuable adjunct for eyebrow, anterior 
hairline, and facial hair restoration.56

Unfortunately, the avulsive ballistic facial trauma patient 
may present in delayed fashion after facial skeletal, and 

Fig. 5. Maxillary defect management algorithm (From Rodriguez ED, Martin M, Bluebond-Langer R, et al. Microsurgical reconstruction of post-
traumatic high-energy maxillary defects: establishing the effectiveness of early reconstruction. Plast Reconstr Surg. 2007;120:103S–17S.). a, no 
skin defect; b, skin defect; Dcia, deep circumflex iliac artery (iliac flap); io, internal oblique muscle; S, skin paddle.



 Vaca et al. • Avulsive Facial Ballistic Injury

13

soft-tissue contraction have taken hold (Fig. 6). The same 
reconstructive principles outlined above apply. However, 
cosmetic outcomes are often disappointing in comparison. 
Noncompliant soft tissues have an increased tendency to 
contract and collapse, making it difficult to maintain facial 
projection.57 Only in the most severe injuries where autolo-
gous tissues options have been exhausted involving central 
face composite tissue loss (eyelids, nose, and lips)—with 
the additional requirement of a compliant patient with 
a good psychosocial support—should facial vascularized 
composite allotransplantation be considered.58,59

CASE REPORTS

Case 1
Delayed Reconstruction

A 36-year-old male was referred for consideration for facial 
transplant 7 months after a self-inflicted ballistic injury result-
ing in composite tissue defects of the midface and lower face 
(Fig. 6A). Note the contracted soft-tissue envelope with mid-
face widening and loss of vertical facial height. CSP was used 
for mandibular reconstruction using a FOSC flap with intra- 
and extra-oral skin paddles (Fig. 6B, C). A second FOSC flap 
to the maxilla—with skin paddles used to resurface the palate 
and nasal floor—was used during a subsequent procedure 
(Fig. 6D). Multistage nasal reconstruction was commenced 

with an ulnar forearm flap for nasal lining and costochon-
dral rib grafting for structural support. A tissue expander was 
placed in the left forehead in preparation of a paramedian 
forehead flap (Fig. 6E). A rotation-advancement upper lip 
repair was performed to correct the “whistle” deformity, and 
the external mandibular FOSC flap skin flap was deepithelial-
ized, and hair-bearing chin skin was advanced (Fig. 6F). Den-
toalveolar osseointegrated implants were subsequently placed. 
Finally, the expanded paramedian forehead flap—with addi-
tional costochondral grafting for nasal dorsum, sidewall, and 
tip/columella support—was used for external nasal resurfac-
ing. Figure 6G demonstrates 7-month follow-up after forehead 
flap inset. Further planned procedures include laser resurfac-
ing and minor tissue rearrangements to optimize cosmesis.

Case Example 2
Early Definitive Reconstruction; Immediate Debridement and 
Fracture Fixation

A 35-year-old male sustained a self-inflicted gunshot 
wound to the submental region exiting the nasoorbitoeth-
moid complex (Fig. 7A, B). After initial trauma evaluation 
and resuscitation, high-resolution CT imaging demon-
strated a comminuted mandibular fracture, avulsive seg-
mental defect of the left maxilla, and bilateral obliteration 
of the nasoorbitoethmoid complex (Fig. 7C). The day 
after injury he was taken for initial washout and debride-
ment of devitalized soft tissue and bone, internal skeletal 

Fig. 6. case 1. Delayed reconstruction (Fig. 6a reprinted with permission from Sinno S, Rodriguez ED. Nuances and pearls of the free fibula 
osteoseptocutaneous flap for reconstruction of a high-energy ballistic injury mandible defect. Plast Reconstr Surg. 2016;137:280–284. Figs. 6B–G 
printed with permission and copyright retained by Eduardo D. Rodriguez, MD, DDS).
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Fig. 7.  case 2. early definitive reconstruction; immediate debridement and fracture fixation. (Fig. 7a–c reprinted with permission from 
Plastic Surgery 3rd Edition by Neligan PC, Elsevier 2013. Fig. 7D–F printed with permission and copyright retained by eduardo D. Rodriguez, 
MD, DDS).

Fig. 8. images demonstrate his 1-year follow-up after initial injury. in contrast to case 1, note the im-
proved maintenance of facial proportions. (Figures printed with permission and copyright retained by Edu-
ardo D. Rodriguez, MD, DDS).
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stabilization, and temporary soft-tissue closure. Of note, 
debrided bone fragments were used for temporary mid-
face bone grafting and nasal trumpets were placed to splint 
the soft tissues. A tracheostomy and gastric tube were also 
obtained during this procedure. Post-Open reduction, 
internal fixation (ORIF) CT demonstrated nonanatomic 
zygomaticomaxillary widening (Fig. 7D). On postinjury 
day 4, additional nonviable bone fragments and intraoral 
lining were debrided. Revision of the prior nonanatomic 
fracture reduction and a temporary cantilever nasal bone 
graft was performed during this same procedure to ade-
quately splint the overlying soft-tissue envelope (Fig. 7E). 
On postinjury day 12, additional areas of demarcated non-
viable floor of mouth and palatal lining were debrided. 
On postinjury day 18—during his initial hospitalization, a 
free osteoseptocutaneous fibula flap was transferred to his 
left maxillary defect, using the skin paddle for intraoral 
lining and the flexor hallicus longus muscle for oronasal 
fistula closure.

The patient was discharged and subsequently under-
went tertiary reconstructive procedures 5 and 12 months 
after injury including structural rhinoplasty with rib bone 
and cartilage for nasal sidewall and tip reconstruction, floor 
of mouth scar release and skin grafting, and LeFort 1 revi-
sion for a posterior cross bite. Figure 8A, B demonstrate 
his 1-year follow-up after initial injury. In contrast to case 1, 
note the improved maintenance of facial proportions.

CONCLUSIONS
Existing literature suggests that early aggressive inter-

vention improves reconstructive outcomes after avulsive 
ballistic injuries. Further comparative studies are needed, 
however. Although evidence is limited, the senior author 
presents a 3-stage reconstructive algorithm advocating ear-
ly definitive reconstruction with aesthetic free tissue trans-
fer in an attempt to optimize reconstructive outcomes of 
these complex injuries.

Eduardo D. Rodriguez, MD, DDS
Wyss Department of Plastic Surgery

New York University Langone Medical Center
305 East 33rd Street
New York, NY 10016

E-mail: eduardo.rodriguez@nyumc.org

REFERENCES
 1. Tessier P. The classic reprint. Experimental study of fractures of 

the upper jaw. I and II. René Le Fort, M.D. Plast Reconstr Surg. 
1972;50:497–506 contd.

 2. Erdmann D, Follmar KE, Debruijn M, et al. A retrospec-
tive analysis of facial fracture etiologies. Ann Plast Surg. 
2008;60:398–403.

 3. Mithani SK, St-Hilaire H, Brooke BS, et al. Predictable pat-
terns of intracranial and cervical spine injury in craniomaxil-
lofacial trauma: analysis of 4786 patients. Plast Reconstr Surg. 
2009;123:1293–1301.

 4. Hollier L, Grantcharova EP, Kattash M. Facial gunshot wounds: a 
4-year experience. J Oral Maxillofac Surg. 2001;59:277–282.

 5. Clark N, Birely B, Manson PN, et al. High-energy ballistic and 
avulsive facial injuries: classification, patterns, and an algorithm 
for primary reconstruction. Plast Reconstr Surg. 1996;98:583–601.

 6. Vayvada H, Menderes A, Yilmaz M, et al. Management of close-
range, high-energy shotgun and rifle wounds to the face. J 
Craniofac Surg. 2005;16:794–804.

 7. Gruss JS, Antonyshyn O, Phillips JH. Early definitive bone and 
soft-tissue reconstruction of major gunshot wounds of the face. 
Plast Reconstr Surg. 1991;87:436–450.

 8. Futran ND, Farwell DG, Smith RB, et al. Definitive management 
of severe facial trauma utilizing free tissue transfer. Otolaryngol 
Head Neck Surg. 2005;132:75–85.

 9. Lew TA, Walker JA, Wenke JC, et al. Characterization of cranio-
maxillofacial battle injuries sustained by United States service 
members in the current conflicts of Iraq and Afghanistan. J Oral 
Maxillofac Surg. 2010;68:3–7.

 10. Vásconez HC, Shockley ME, Luce EA. High-energy gunshot 
wounds to the face. Ann Plast Surg. 1996;36:18–25.

 11. Christensen J, Sawatari Y, Peleg M. High-energy traumatic maxil-
lofacial injury. J Craniofac Surg. 2015;26:1487–1491.

 12. Peled M, Leiser Y, Emodi O, et al. Treatment protocol for high ve-
locity/high energy gunshot injuries to the face. Craniomaxillofac 
Trauma Reconstr. 2012;5:31–40.

 13. Stefanopoulos PK, Filippakis K, Soupiou OT, et al. Wound ballis-
tics of firearm-related injuries—part 1: missile characteristics and 
mechanisms of soft tissue wounding. Int J Oral Maxillofac Surg. 
2014;43:1445–1458.

 14. Zhang DC, Qian CW, Liu YG, et al. Morphopathologic observa-
tions on high-velocity steel bullet wounds at various intervals af-
ter wounding. J Trauma. 1988;28:S98–S104.

 15. Wang ZG, Feng JX, Liu YQ. Pathomorphological observations of 
gunshot wounds. Acta Chir Scand Suppl. 1982;508:185–195.

 16. Wang ZG, Tang CG, Chen XY, et al. Early pathomorphologic 
characteristics of the wound track caused by fragments. J Trauma. 
1988;28:S89–S95.

 17. Sullivan D, Chung KC, Eaves FF 3rd, et al. The level of 
evidence pyramid: indicating levels of evidence in Plastic 
and Reconstructive Surgery articles. Plast Reconstr Surg. 
2011;128:311–314.

 18. Dolin J, Scalea T, Mannor L, et al. The management of gunshot 
wounds to the face. J Trauma. 1992;33:508–514; discussion 14–5.

 19. Kihtir T, Ivatury RR, Simon RJ, et al. Early management of ci-
vilian gunshot wounds to the face. J Trauma. 1993;35:569–575; 
discussion 75–7.

 20. Taher AA. Reconstruction of gunshot wounds of the man-
dible. 128 cases treated by autogenous iliac crest bone grafts. J 
Craniomaxillofac Surg. 1990;18:310–314.

 21. Alper M, Totan S, Cankayali R, et al. Gunshot wounds of the face 
in attempted suicide patients. J Oral Maxillofac Surg. 1998;56:930–
933; discussion 33–4.

 22. Shuck LW, Orgel MG, Vogel AV. Self-inflicted gunshot wounds to 
the face: a review of 18 cases. J Trauma. 1980;20:370–377.

 23. Motamedi MH, Behnia H. Experience with regional flaps in the 
comprehensive treatment of maxillofacial soft-tissue injuries in 
war victims. J Craniomaxillofac Surg. 1999;27:256–265.

 24. Yuksel F, Celikoz B, Ergun O, et al. Management of maxil-
lofacial problems in self-inflicted rifle wounds. Ann Plast Surg. 
2004;53:111–117.

 25. Firat C, Geyik Y. Surgical modalities in gunshot wounds of the 
face. J Craniofac Surg. 2013;24:1322–1326.

 26. Sun GH, Patil YJ, Harmych BM, et al. Inpatients with gunshot 
wounds to the face. J Craniofac Surg. 2012;23:e62–e65.

 27. Glapa M, Kourie JF, Doll D, et al. Early management of gunshot inju-
ries to the face in civilian practice. World J Surg. 2007;31:2104–2110.

 28. Eser C, Gencel E, Kesiktaş E, et al. Outcomes of anatomic re-
construction of gunshot-inflicted lower face defects by free os-
teoseptocutaneous fibula flap and expanded or nonexpanded 
temporal scalp flap combination in males. J Craniofac Surg. 
2016;27:1139–1142.

mailto:eduardo.rodriguez@nyumc.org


PRS Global Open • 2018

16

 29. Manson PN, Clark N, Robertson B, et al. Subunit principles in 
midface fractures: the importance of sagittal buttresses, soft-
tissue reductions, and sequencing treatment of segmental frac-
tures. Plast Reconstr Surg. 1999;103:1287–1306; quiz 307.

 30. Manson PN, Hoopes JE, Su CT. Structural pillars of the facial 
skeleton: an approach to the management of Le Fort fractures. 
Plast Reconstr Surg. 1980;66:54–62.

 31. Borsuk DE, Christensen J, Dorafshar AH, et al. Aesthetic micro-
vascular periorbital subunit reconstruction: beyond primary re-
pair. Plast Reconstr Surg. 2013;131:337–347.

 32. Fisher M, Dorafshar A, Bojovic B, et al. The evolution of critical 
concepts in aesthetic craniofacial microsurgical reconstruction. 
Plast Reconstr Surg. 2012;130:389–9ss8.

 33. Schultz BD, Sosin M, Nam A, et al. Classification of mandible 
defects and algorithm for microvascular reconstruction. Plast 
Reconstr Surg. 2015;135:743e–754e.

 34. Green JM 3rd, Sabino J, Fleming M, et al. Intraoperative fluo-
rescence angiography: a review of applications and outcomes in 
war-related trauma. Mil Med. 2015;180:37–43.

 35. Kamolz LP, Andel H, Auer T, et al. Evaluation of skin perfusion 
by use of indocyanine green video angiography: rational design 
and planning of trauma surgery. J Trauma. 2006;61:635–641.

 36. Manson PN, Crawley WA, Yaremchuk MJ, et al. Midface frac-
tures: advantages of immediate extended open reduction and 
bone grafting. Plast Reconstr Surg. 1985;76:1–12.

 37. Rodriguez ED, Martin M, Bluebond-Langner R, et al. 
Microsurgical reconstruction of posttraumatic high-energy max-
illary defects: establishing the effectiveness of early reconstruc-
tion. Plast Reconstr Surg. 2007;120:103S–117S.

 38. Bellamy JL, Molendijk J, Reddy SK, et al. Severe infectious com-
plications following frontal sinus fracture: the impact of opera-
tive delay and perioperative antibiotic use. Plast Reconstr Surg. 
2013;132:154–162.

 39. Broyles JM, Abt NB, Shridharani SM, et al. The fusion of cra-
niofacial reconstruction and microsurgery: a functional and aes-
thetic approach. Plast Reconstr Surg. 2014;134:760–769.

 40. Gonzalez-Ulloa M. Restoration of the face covering by means 
of selected skin in regional aesthetic units. Br J Plast Surg. 
1956;9:212–221.

 41. Gonzalez-Ulloa M, Stevens E. Reconstruction of the nose and 
forehead by means of regional aesthetic units. Br J Plast Surg. 
1961;13:305–309.

 42. González-Ulloa M. Regional aesthetic units of the face. Plast 
Reconstr Surg. 1987;79:489–490.

 43. Muresan C, Hui-Chou HG, Dorafshar AH, et al. Forehead recon-
struction with microvascular flaps: utility of aesthetic subunits. J 
Reconstr Microsurg. 2012;28:319–326.

 44. Wang YY, Zhang HQ, Fan S, et al. Mandibular reconstruction 
with the vascularized fibula flap: comparison of virtual plan-

ning surgery and conventional surgery. Int J Oral Maxillofac Surg. 
2016;45:1400–1405.

 45. Saad A, Winters R, Wise MW, et al. Virtual surgical planning in 
complex composite maxillofacial reconstruction. Plast Reconstr 
Surg. 2013;132:626–633.

 46. Gruss JS, Mackinnon SE, Kassel EE, et al. The role of primary 
bone grafting in complex craniomaxillofacial trauma. Plast 
Reconstr Surg. 1985;75:17–24.

 47. Avraham T, Franco P, Brecht LE, et al. Functional outcomes of 
virtually planned free fibula flap reconstruction of the mandible. 
Plast Reconstr Surg. 2014;134:628e–634e.

 48. Shen YF, Rodriguez ED, Wei FC, et al. Aesthetic and functional 
mandibular reconstruction with immediate dental implants in a 
free fibular flap and a low-profile reconstruction plate: five-year 
follow-up. Ann Plast Surg. 2015;74:442–446.

 49. De Santis G, Nocini PF, Chiarini L, et al. Functional rehabilita-
tion of the atrophic mandible and maxilla with fibula flaps and 
implant-supported prosthesis. Plast Reconstr Surg. 2004;113:88–
98; discussion 99–100.

 50. Codner MA, McCord CD, Mejia JD, et al. Upper and lower eyelid 
reconstruction. Plast Reconstr Surg. 2010;126:231e–245e.

 51. Nemli SK, Aydin C, Yilmaz H, et al. Quality of life of patients with 
implant-retained maxillofacial prostheses: a prospective and ret-
rospective study. J Prosthet Dent. 2013;109:44–52.

 52. Rodriguez ED, Bluebond-Langner R, Park JE, et al. Preservation 
of contour in periorbital and midfacial craniofacial microsur-
gery: reconstruction of the soft-tissue elements and skeletal but-
tresses. Plast Reconstr Surg. 2008;121:1738–1747; discussion 48–9.

 53. Phillips JH, Rahn BA. Fixation effects on membranous and 
endochondral onlay bone-graft resorption. Plast Reconstr Surg. 
1988;82:872–877.

 54. Yim KK, Wei FC. Fibula osteoseptocutaneous free flap in maxil-
lary reconstruction. Microsurgery. 1994;15:353–357.

 55. Muzaffar AR, Adams WP, Jr., Hartog JM, Rohrich RJ, Byrd HS. 
Maxillary reconstruction: functional and aesthetic consider-
ations. Plast Reconstr Surg 1999: 104: 2172–83; quiz 84.

 56. Barrera A. The use of micrografts and minigrafts in the aes-
thetic reconstruction of the face and scalp. Plast Reconstr Surg. 
2003;112:883–890.

 57. Rodriguez ED, Martin M, Bluebond-Langner R, Manson PN. 
Multiplanar distraction osteogenesis of fibula free flaps used 
for secondary reconstruction of traumatic maxillary defects. J 
Craniofac Surg 2006: 17: 883–8.

 58. Dorafshar AH, Bojovic B, Christy MR, et al. Total face, double 
jaw, and tongue transplantation: an evolutionary concept. Plast 
Reconstr Surg. 2013;131:241–251.

 59. Mohan R, Borsuk DE, Dorafshar AH, et al. Aesthetic and func-
tional facial transplantation: a classification system and treat-
ment algorithm. Plast Reconstr Surg. 2014;133:386–397.


