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Damage-Control Surgery in Severe Maxillofacial Trauma: A Pragmatic
Scoping Review of Indications, Hemorrhage Control, Temporary
Stabilization, and Transition to Definitive Reconstruction

Abstract:

Background: Damage-control surgery (DCS) is established in major trauma, but its application to severe maxillofacial
injury remains poorly standardized. Life-threatening facial hemorrhage, physiologic instability, major contamination, and
complex skeletal disruption may require abbreviated treatment before definitive reconstruction.

Objective: To map the clinical evidence on indications for maxillofacial damage-control management, emergency
hemorrhage control, temporary stabilization, and transition to definitive reconstruction.

Methods: A pragmatic scoping review informed by JBI guidance and reported with reference to PRISMA-ScR was
performed. MEDLINE/PubMed and Scopus were searched from inception to 9 September 2026 without date restriction
using complementary routes for explicit damage-control terminology, major hemorrhage, temporary or staged fixation,
and ballistic or high-energy trauma. The searches yielded 2,191 records; 1,601 remained after deduplication. Structured
text prioritization supported screening against predefined clinical criteria. Sixty-seven reports underwent detailed
eligibility assessment, and 35 primary clinical reports with sufficiently extractable, nonredundant data formed the core
evidence map. No meta-analysis or formal risk-of-bias scoring was planned.

Results: The 35 core reports spanned 1984-2026. Dominant themes were hemorrhage or immediate life-saving care (13
reports), temporary stabilization (7), transition or timing of definitive reconstruction (13), and explicit damage-control
selection (2). Hemodynamic instability was the clearest direct trigger for abbreviated management. Severe oronasal
bleeding was generally managed by escalation from local measures and packing to angiography and transarterial
embolization when bleeding persisted. External fixation remained useful in selected comminuted, contaminated, ballistic,
and war-related mandibular injuries. No validated maxillofacial-specific readiness criteria for definitive reconstruction
were identified.

Conclusion: Damage-control management in severe maxillofacial trauma is best understood as a selective staged strategy
rather than a single procedure. Current evidence supports physiologic instability and uncontrolled hemorrhage as major
reasons to abbreviate initial treatment. The principal unresolved issue is readiness for definitive reconstruction: available
studies support a physiology- and tissue-based transition rather than an arbitrary elapsed-time threshold.

Keywords: damage control surgery; maxillofacial trauma; facial injuries; hemorrhage; external fixation; ballistic trauma;
staged reconstruction.

Introduction

Severe maxillofacial trauma is unusual within major trauma because most facial fractures are not themselves life
threatening, yet a small subset threatens the airway or circulation and occurs alongside traumatic brain injury or
multisystem injury. In these patients, the immediate surgical problem is not simply how to reconstruct the face, but
whether definitive repair can be completed without worsening physiologic derangement or compromising already injured
tissues.

Damage-control surgery (DCS) addresses that problem by separating urgent life-saving and temporizing interventions
from definitive reconstruction. The approach is well established in general trauma, but its maxillofacial application
remains inconsistently defined [1-4]. Military and ballistic series often describe staged debridement and stabilization,
whereas contemporary reconstructive literature increasingly favors earlier definitive repair once physiology and local
tissues permit [5,6]. These positions are not necessarily contradictory because they refer to different phases of care and
use different definitions of what constitutes early surgery.

The distinction is clinically important. Emergency packing, embolization, temporary fracture reduction, external fixation,
and limited debridement are fundamentally different from complete rigid fixation or microsurgical reconstruction, even
when all occur during the same admission. Recent systematic reviews of early versus delayed facial fracture fixation
confirm substantial heterogeneity in timing definitions and low-quality comparative evidence [7,8], but they do not map
the entire pathway from patient selection and temporary intervention to readiness for definitive reconstruction.
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This review therefore maps the available clinical evidence across that pathway. The objective was not to identify a single
superior timing strategy, but to determine how DCS has been applied in severe maxillofacial trauma, which physiologic
or anatomic triggers have been reported, how life-threatening hemorrhage and unstable facial injuries have been
temporized, and what factors have guided transition to definitive reconstruction.

Materials and Methods

Design and review question

A pragmatic scoping review was undertaken, informed by JBI methodological guidance and reported with reference to
PRISMA-ScR items applicable to evidence mapping [9,10]. An internal a priori protocol was developed before screening
but was not prospectively registered. The review question was: What evidence is available regarding the indications,
hemorrhage-control strategies, temporary stabilization techniques, and transition to definitive reconstruction in patients
undergoing damage-control management for severe maxillofacial trauma?

Eligibility criteria

Human clinical reports were eligible when they addressed severe maxillofacial trauma and provided extractable
information on at least one component of the damage-control pathway: patient selection or physiologic instability;
emergency hemorrhage control; abbreviated or staged surgery; temporary skeletal or soft-tissue stabilization; or timing
and criteria for definitive reconstruction. Civilian and military injuries, isolated severe facial trauma, polytrauma, and
blunt, penetrating, ballistic, blast, or avulsive mechanisms were eligible. Routine ORIF without a staged or damage-
control component, minor dentoalveolar trauma, elective secondary reconstruction unrelated to acute trauma
management, nonclinical studies, and review articles were excluded from the primary clinical evidence set. Case and
technical reports were considered when they contributed distinct clinical information; reports that duplicated a technique
already represented in higher-information series without adding a new selection criterion, intervention, or transition
variable were not retained in the core evidence map. Secondary reviews were retained for context and reference
checking.

Information sources and search

MEDLINE/PubMed and Scopus were searched from database inception to 9 September 2026. The strategy combined
maxillofacial-trauma terminology with four complementary routes: explicit damage-control terminology; life-threatening
hemorrhage and hemostatic intervention; temporary or staged fixation; and transition to definitive reconstruction. A
supplementary ballistic/high-energy route was added because relevant surgical series often do not use the phrase
"damage control.” PubMed yielded 984 records and Scopus 1,207. After removal of 70 internal PubMed duplicates, 69
internal Scopus duplicates, and 451 cross-database duplicates, 1,601 unique records remained. No date or language filter
was applied at the search stage. Reference lists of key reviews and sentinel clinical papers were checked during
verification. Complete database strategies and yields are provided in Supplementary File S1.

Selection and synthesis

The 1,601 unique records underwent structured title/abstract screening against predefined clinical eligibility criteria.
Text-based prioritization was used to order screening and identify low-relevance records, while potentially relevant and
borderline records were re-evaluated against the same eligibility framework. Sixty-seven reports underwent detailed
eligibility assessment using titles, abstracts, indexed metadata, and full text when retrievable. Thirty-five primary reports
with sufficiently extractable and nonredundant clinical information were retained for the core evidence map. Thirty-two
reports were not retained at detailed assessment because they were isolated or technical reports that added no distinct
pathway information beyond larger series (n=22), did not provide sufficiently specific damage-control or staged-
management information (n=9), or contained a mixed population without separately extractable maxillofacial-trauma
data (n=1). For older reports without retrievable full text, indexed abstracts and source records were used only when the
relevant clinical variables were explicit. Data were charted for study design, sample size, setting, injury mechanism, DCS
indication, hemorrhage-control strategy, temporary stabilization, timing or transition to definitive surgery, and reported
outcomes. Because the objective was evidence mapping across heterogeneous observational literature, no meta-analysis
or formal risk-of-bias score was performed; study design and sample size were retained to contextualize evidentiary
strength.
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Results

Study selection and characteristics

The combined searches identified 2,191 records before deduplication and 1,601 unique records after deduplication.
Sixty-seven reports underwent detailed eligibility assessment, and 35 primary clinical reports were retained for the core
evidence map. The retained core studies were published between 1984 and 2026; 19 were published from 2018 onward,
15 from 2021 onward, and 9 from 2023 onward. The evidence base was dominated by retrospective cohorts, institutional
case series, trauma-center experiences, and ballistic or war-related series. No prospective study validated a maxillofacial-
specific DCS selection algorithm.

For synthesis, each of the 35 core reports was assigned a dominant theme while acknowledging substantial overlap: 2
focused primarily on explicit DCS selection, 13 on hemorrhage or immediate life-saving management, 7 on temporary
stabilization, and 13 on transition or timing of definitive reconstruction. Table 1 summarizes the core primary evidence.

Patient selection and indications for damage-control management

The most direct clinical evidence for selecting a maxillofacial DCS strategy came from Daniels et al. [11]. Among 173
war-related maxillofacial gunshot injuries, 78 hemodynamically unstable patients were managed using DCS, whereas 47
hemodynamically stable patients underwent early definitive surgery. A large emergency cohort from Shanghai also
reported DCS in 65 of 326 hospitalized oral and craniomaxillofacial trauma patients within a broader triage and life-
support pathway [12]. These studies support physiologic instability, rather than fracture morphology alone, as the most
defensible primary trigger for DCS.

Across the hemorrhage literature, additional selection variables emerged indirectly. Shock, hypotension, transfusion
requirement, Glasgow Coma Scale, Injury Severity Score, and failure of local hemostatic measures were repeatedly
associated with escalation of care [13-24]. One embolization series defined hemodynamic instability as systolic blood
pressure <90 mmHg [15]. In a later cohort of life-threatening traumatic oronasal bleeding, a Shock Index >0.95 identified
patients more likely to require transarterial embolization after preliminary hemostatic measures failed [17]. These
thresholds are clinically useful signals, but none has been validated as a universal maxillofacial DCS trigger.

Hemorrhage control and immediate life-saving interventions

The hemorrhage literature showed the most consistent treatment pathway. Initial management generally included airway
protection, direct pressure, wound or nasal packing, correction of coagulopathy, and resuscitation. When bleeding
persisted, angiography with transarterial embolization (TAE) was the dominant escalation strategy [13-21]. In the
multicenter series by Cogbill et al. [13], packing alone controlled bleeding in 29% of patients in whom it was used,
whereas TAE achieved definitive control in 87.5%. Other cohorts similarly reported high technical hemostasis rates with
TAE, while mortality was driven mainly by severe traumatic brain injury, refractory shock, or overall injury burden
rather than failure of embolization [14-21].

Not all severe facial bleeding requires endovascular treatment. Temporary fracture reduction combined with nasal
packing controlled massive bleeding in a small midfacial-fracture series [23], while broader emergency series
emphasized prompt recognition that the face itself may be the dominant hemorrhage source [13,22,25]. These findings
support a stepwise escalation model rather than routine immediate embolization for every bleeding facial fracture.

Temporary skeletal stabilization

Temporary stabilization was most clearly represented by external fixation. Contemporary mandibular series describe its
use in comminuted, contaminated, infected, ballistic, or tissue-deficient injuries where extensive open dissection or
immediate definitive reconstruction may be undesirable [26-30]. Rogol [26] reported 23 patients in whom external
fixation preserved tissue and temporarily stabilized selected gap defects. A 25-year institutional series documented 29
external-fixation episodes, including 14 gunshot injuries, and showed that secondary reconstruction was common after
complex injuries [27]. In 2026, a direct comparison of initial external versus internal fixation for ballistic mandibular
fractures demonstrated a shorter median initial operative time with external fixation (118.5 versus 194.5 minutes) and
supported its use as a staged strategy that permits soft-tissue recovery before definitive reconstruction [28].

War-related data reinforce the continuing role of external fixation. In a 91-patient series, 94.5% of injuries were high-
velocity gunshot wounds; external fixation was used as the principal stabilization method in the setting of severe
comminution, bone loss, infection, and delayed presentation. Seventy-eight percent healed without a secondary bone
procedure, while 22% required delayed grafting [29]. Historical cranial external-fixation experience and longer-term
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mandibular series show that the principle predates modern DCS terminology [30,31]. More recent submental gunshot
data confirm that external fixation remains one of several early skeletal options before definitive ORIF, grafting, or free-
flap reconstruction [32].

Transition to definitive reconstruction

The transition from damage control to definitive reconstruction was the least standardized domain. Ballistic series ranged
from aggressive early reconstruction to deliberately staged microsurgical repair [33-45]. The FACES protocol explicitly
begins with damage control and selective debridement before computer-assisted staged reconstruction during the index
hospitalization [34]. Knudson et al. [45] reported same-admission microsurgical mandibular reconstruction at a mean of
16.4 + 9.1 days after presentation, after an average of 6.2 + 2.8 operations per patient. Other contemporary series
likewise show that definitive treatment may occur during the index admission but can require repeated procedures before
reconstruction is complete [33,35,36].

In polytrauma, the dominant reason to delay facial fracture repair was not a predetermined number of days but concern
that associated injuries or physiology made a non-life-threatening operation unsafe. Rothweiler et al. [38] found no
increase in complications when fixation occurred after 72 hours and argued for individualized timing at the earliest point
at which adverse effects from comorbidities were no longer expected. An earlier multitrauma series identified soft-tissue
swelling, intracranial injury, unstable medical condition, and coordination with other surgical services as explicit reasons
for delay [39].

Ballistic literature demonstrates an important evolution. Earlier protocols often favored delayed reconstruction, whereas
later series increasingly supported early skeletal alignment, primary closure of viable tissues, serial conservative
debridement, and earlier definitive reconstruction [40-44]. A 2026 panfacial cohort further showed that planned
multistage repair remains useful in selected highly complex fracture patterns and polytrauma, although staged patients
had greater baseline injury severity and therefore cannot be directly compared with uncomplicated single-stage cases
[37]. Taken together, the literature does not support a universal clock-based transition threshold.

Discussion

This review maps a clinically recognizable but poorly standardized field. Only a small proportion of primary studies
explicitly label their strategy as DCS; most describe individual components such as control of catastrophic hemorrhage,
temporary stabilization of a disrupted facial skeleton, staged debridement, or delayed reconstruction in physiologically
compromised patients. This fragmented terminology helps explain why earlier reviews found conceptual support for
maxillofacial DCS but little direct outcome evidence [1-4].

The clearest indication for a damage-control strategy is physiologic instability. This is consistent with general trauma
DCS, in which physiology, injury burden, resuscitation requirement, and inability to safely complete definitive surgery
are central considerations [2,4]. Maxillofacial thresholds are less mature. Daniels et al. [11] used hemodynamic stability
as the principal branch point, while hemorrhage cohorts identified systolic pressure, Shock Index, transfusion burden,
GCS, and ISS as severity markers [13-18]. These variables should be interpreted as decision-support signals rather than
validated maxillofacial cutoffs.

Hemorrhage control is the strongest evidence domain. The available studies support a pragmatic escalation sequence:
secure the airway when required; apply direct/local measures and packing; reduce unstable fractures when this
contributes to tamponade; correct coagulopathy and resuscitate; and proceed to angiography/TAE when clinically
important bleeding persists. TAE is consistently effective across observational series, but the mortality of these cohorts is
driven by severe associated brain injury and shock. Successful arterial hemostasis therefore should not be equated with
global physiologic recovery.

Temporary skeletal stabilization should be viewed as a means rather than an endpoint. External fixation is most useful
when definitive internal fixation would require excessive operative time, devascularizing exposure, placement of
hardware into contaminated or deficient tissue, or when serial access to wounds is required. The recent comparative
ballistic mandibular study [28] is particularly relevant because it moves the discussion beyond historical experience: a
shorter initial operation and preservation of soft-tissue conditions for later reconstruction align directly with the logic of
damage control.

The major unresolved issue is transition. The evidence does not define a validated maxillofacial “ready for definitive
reconstruction” score. Readiness appears multidimensional: hemodynamic normalization, control of bleeding, correction
of coagulopathy/acidosis/hypothermia, neurologic stability, treatment of competing injuries, acceptable soft-tissue
conditions, contamination control, and reconstructive feasibility. Timing should therefore be reported as a consequence
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of readiness rather than used as a surrogate for readiness itself. This distinction also reconciles much of the apparent
conflict between advocates of early reconstruction and staged treatment: definitive surgery can be performed early once
stabilization is achieved, whereas DCS is appropriate when definitive surgery would add unsafe physiologic or local-
tissue burden.

Based on the mapped evidence, a four-phase conceptual framework is proposed. Phase 1 is immediate life-saving care:
airway management, hemorrhage control, resuscitation, and exclusion of competing bleeding sources. Phase 2 is
abbreviated maxillofacial stabilization: temporary skeletal alignment or fixation, conservative debridement,
contamination control, and temporary soft-tissue management. Phase 3 is readiness assessment based on physiology,
associated injuries, and local tissues. Phase 4 is definitive reconstruction. The framework is intentionally descriptive; the
current literature does not justify an evidence-graded prescriptive algorithm.

Two features improve the interpretability of this evidence map despite its pragmatic design. First, the search was
concept-based rather than limited to the phrase "damage control,” allowing capture of hemorrhage-control, temporary-
fixation, and ballistic-treatment studies that operationalized the same principles without using that label. Second, the
synthesis explicitly separates life-saving intervention, temporary damage-control stabilization, readiness assessment, and
definitive reconstruction. This distinction addresses a recurrent problem in the timing literature, where early temporizing
procedures and early definitive fixation are often conflated [7,8].

Clinical Implications and Research Priorities

For the maxillofacial surgeon, the practical decision is not simply early versus delayed fixation. The more useful question
is whether the patient can safely tolerate definitive reconstruction now. Hemodynamic instability, uncontrolled
hemorrhage, severe associated injury, prolonged anticipated operative burden, major contamination, or compromised soft
tissue favor an abbreviated strategy. Once those constraints have resolved, prolonged delay is not inherently beneficial,
and contemporary ballistic literature generally supports earlier restoration of skeletal relationships and vascularized tissue
when feasible.

Future research should move beyond clock-based definitions of early and delayed surgery. Prospective multicenter
studies should report the physiologic trigger for damage-control management, the temporary intervention performed,
time to correction of shock and coagulopathy, reasons for deferring definitive repair, and the objective findings used to
declare reconstructive readiness. A multicenter maxillofacial-trauma registry would be a practical route toward deriving
and validating a readiness framework rather than relying on institution-specific timing conventions.

Limitations

This review used a pragmatic methodology tailored to broad clinical evidence mapping. Searches were limited to
PubMed/MEDLINE and Scopus, although complementary search routes were deliberately used to capture literature that
does not explicitly use the term "damage control." Screening used structured text prioritization rather than duplicate
independent review. Detailed eligibility assessment used full text when retrievable; for older reports without accessible
full text, explicit abstract and indexed source data were used. Lower-level reports that did not add distinct pathway
information beyond larger series were not retained in the core evidence map, so the synthesis is intentionally clinically
focused rather than exhaustive at the case-report level. The literature was highly heterogeneous and predominantly
retrospective, and definitions of severe trauma, early surgery, delayed surgery, and staged reconstruction varied
substantially. No formal risk-of-bias appraisal or meta-analysis was performed. These limitations preclude causal
treatment comparisons and are the reason the conclusions are presented as an evidence map rather than as graded clinical
recommendations.

Conclusion

Damage-control surgery in severe maxillofacial trauma is best understood as a selective staged strategy rather than a
single technique. Physiologic instability and uncontrolled hemorrhage are the most defensible reasons to abbreviate
initial treatment. Packing, local control, temporary fracture reduction, and transarterial embolization form a practical
hemorrhage-control escalation, while external fixation remains useful for selected complex and ballistic mandibular
injuries. Definitive reconstruction should follow resolution of the physiologic, competing-injury, and local-tissue
constraints that prompted abbreviation rather than an arbitrary time interval. The principal evidence gap is the absence of
validated maxillofacial-specific criteria for selecting DCS and determining readiness for definitive reconstruction.

Acknowledgments
None.

Page 5



246
247

248
249

250
251

Funding
No external funding was received for this review.

Conflicts of Interest
The authors declare no competing interests.

Ethical Approval
Not applicable; this study synthesizes previously published literature and involved no new human or animal participants.

Page 6



252

253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317

References

1. Krausz AA, Krausz MM, Picetti E. Maxillofacial and neck trauma: a damage control approach. World J Emerg Surg. 2015;10:31.
d0i:10.1186/s13017-015-0022-9.

2. Roberts DJ, Bobrovitz N, Zygun DA, Ball CG, Kirkpatrick AW, Faris PD, et al. Indications for use of damage control surgery and
damage control interventions in civilian trauma patients: a scoping review. J Trauma Acute Care Surg. 2015;78(6):1187-1196.
doi:10.1097/TA.0000000000000647.

3. Tong DC, Breeze J. Damage control surgery and combat-related maxillofacial and cervical injuries: a systematic review. Br J Oral
Maxillofac Surg. 2016;54(1):8-12. doi:10.1016/j.bjoms.2015.10.013.

4. Roberts DJ, Bobrovitz N, Zygun DA, Kirkpatrick AW, Ball CG, Faris PD, et al. Evidence for use of damage control surgery and
damage control interventions in civilian trauma patients: a systematic review. World J Emerg Surg. 2021;16(1):10. doi:10.1186/s13017-
021-00352-5.

5. Vaca EE, Bellamy JL, Sinno S, Rodriguez ED. Management of high-energy avulsive ballistic facial injury: a review of the literature
and algorithmic approach. Plast Reconstr Surg Glob Open. 2018;6(3):1693. doi:10.1097/GOX.0000000000001693.

6. Pepper T, Kim MH, McMillan D, Cantrell S, Scialdone A, Nasthas A, et al. Management protocol for ballistic and other high-energy
avulsive facial injuries-an update for the 21st century. Craniomaxillofac Trauma Reconstr. 2026;19(1):14. doi:10.3390/cmtr19010014.

7. Chen J, Vuong K, Balogh ZJ. Early versus delayed fixation of maxillofacial fractures in polytrauma: a systematic review. Eur J Trauma
Emerg Surg. 2026;52(1):58. doi:10.1007/s00068-026-03127-2.

8. Wibowo JG, Guritno T, Halim EN. Early versus delayed management of maxillofacial fractures: a systematic review and meta-analysis
with context-based subgroup analysis. Oral Maxillofac Surg. 2026;30(1):87. doi:10.1007/s10006-026-01574-0.

9. Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L, et al. Updated methodological guidance for the conduct of
scoping reviews. JBI Evid Synth. 2020;18(10):2119-2126. doi:10.11124/JBIES-20-00167.

10. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR):
checklist and explanation. Ann Intern Med. 2018;169(7):467-473. doi:10.7326/M18-0850.

11. Daniels JS, Albakry I, Braimah RO, Samara MI, Albalasi RA, Al-Rayshan SMA. Management of Maxillofacial Gunshot Injuries
With Emphasis on Damage Control Surgery During the Yemen Civil War. Review of 173 Victims From a Level 1 Trauma Hospital in
Najran, Kingdom of Saudi Arabia. Craniomaxillofac Trauma Reconstr. 2022;15(1):58-65. doi:10.1177/19433875211012211.

12. Ge WW, Wu J1J, Ge K, Fan JX, Xu H, Xu B, et al. Clinical analysis of emergency treatment of 326 patients with oral
craniomaxillofacial trauma under triage system. China Journal of Oral and Maxillofacial Surgery. 2023;21(1):64-68.
doi:10.19438/j.cjoms.2023.01.011.

13. Cogbill TH, Cothren CC, Ahearn MK, Cullinane DC, Kaups KL, Scalea TM, et al. Management of maxillofacial injuries with severe
oronasal hemorrhage: a multicenter perspective. J Trauma. 2008;65(5):994-9. d0i:10.1097/TA.0b013e318184cel2.

14. Bynoe RP, Kerwin AJ, Parker HH3, Nottingham JM, Bell RM, Yost MJ, et al. Maxillofacial injuries and life-threatening hemorrhage:
treatment with transcatheter arterial embolization. J Trauma. 2003;55(1):74-9. doi:10.1097/01.TA.0000026494.22774.A0.

15. Chen YF, Tzeng IH, Li YH, Lo YC, Lin WC, Chiang HJ, et al. Transcatheter arterial embolization in the treatment of maxillofacial
trauma induced life-threatening hemorrhages. J Trauma. 2009;66(5):1425-30. doi:10.1097/TA.0b013e3181842046.

16. Liao CC, Hsu YP, Chen CT, Tseng YY. Transarterial embolization for intractable oronasal hemorrhage associated with craniofacial
trauma: evaluation of prognostic factors. J Trauma. 2007;63(4):827-30. doi:10.1097/TA.0b013e31814b9466.

17. Hsu FY, Mao SH, Chuang ADC, Wong YC, Chen CH. Shock Index as a Predictor for Angiographic Hemostasis in Life-Threatening
Traumatic Oronasal Bleeding. Int J Environ Res Public Health. 2021;18(21):11051. doi:10.3390/ijerph182111051.

18. Dar PMUD, Gupta P, Kaul RP, Kumar A, Gamangatti S, Kumar S, et al. Haemorrhage control beyond Advanced Trauma Life
Support (ATLS) protocol in life threatening maxillofacial trauma - experience from a level I trauma centre. Br J Oral Maxillofac Surg.
2021;59(6):700-704. doi:10.1016/j.bjoms.2020.09.012.

19. Wu FC, Hung KS, Lin YW, Sung K, Yang TH, Wu CH, et al. Effectiveness of protocolized management for patients sustaining
maxillofacial fracture with massive oronasal bleeding: a single-center experience. Scand J Trauma Resusc Emerg Med. 2022;30(1):60.
doi:10.1186/513049-022-01047-9.

20. Gamanagatti S, Prasad TV, Kumar A, Singhal M, Sagar S. Angioembolisation in Maxillofacial Trauma: An Initial Experience in a
Tertiary Care Center. J Maxillofac Oral Surg. 2016;15(1):59-66. doi:10.1007/s12663-015-0792-3.

21. Dean NR, Ledgard JP, Katsaros J. Massive hemorrhage in facial fracture patients: definition, incidence, and management. Plast
Reconstr Surg. 2009;123(2):680-690. doi:10.1097/PRS.0b013e31819565da.

22. Andrades P, Romén JL, Bartel R, Borel C, Herndndez R, Rojas R, et al. Management of intractable bleeding facial trauma. Rev Chil
Cir. 2012;64(2):169-175. doi:10.4067/S0718-40262012000200010.

23. Shimoyama T, Kaneko T, Horie N. Initial management of massive oral bleeding after midfacial fracture. J Trauma. 2003;54(2):332-6;
discussion 336. doi:10.1097/01.TA.0000037097.23729.1F.

24. Orthopoulos G, Sideris A, Velmahos E, Troulis M. Gunshot wounds to the face: emergency interventions and outcomes. World J
Surg. 2013;37(10):2348-52. d0i:10.1007/s00268-013-2139-x.

25. Dolin J, Scalea T, Mannor L, Sclafani S, Trooskin S. The management of gunshot wounds to the face. J Trauma. 1992;33(4):508-14;
discussion 514-5. doi:10.1097/00005373-199210000-00004.

26. Rogol EV. External fixation for tissue preservation following complex mandible trauma and its sequelae: reminder of a time-honored
method and case series of 23 patients. Oral Surg Oral Med Oral Pathol Oral Radiol. 2025;139(5):501-508.
d0i:10.1016/j.0000.2024.10.113.

27. Rose MJ, Shanti RM, locca O, Rasa M, Ziccardi VB. Retrospective analysis of external pin fixation of mandibular fractures: A 25-
year single institution experience. J Craniomaxillofac Surg. 2025;53(5):624-631. doi:10.1016/j.jcms.2025.01.005.

28. Asserson DB, Reidy CS, Hassouba M, Becker DB, Evans RJ. External Fixation for Ballistic Mandibular Trauma: An Old Method for
a Modern Problem. Ann Plast Surg. 2026;97(3S):5143-S147. doi:10.1097/SAP.0000000000004763.

29. Mukamba FM, Muhindo L, Bisimwa MH, Budema P, Cikomola F, Kuyigwa G, et al. External Fixation for War-Related Mandibular
Fractures in a Resource-Limited Setting: A Retrospective Study of 91 Patients. J Clin Med. 2026;15(2):736. doi:10.3390/jcm15020736.

Page 7



318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355

356
357

30. Marti-Flich L, Schlund M, Raoul G, Maes JM, Ferri J, Wojcik T, et al. Twenty-four years of experience in management of complex
mandibular fractures with low cost, custom-made mandibular external fixation: A 65-patient series. J Stomatol Oral Maxillofac Surg.
2020;121(3):242-247. doi:10.1016/j.jormas.2019.08.008.

31. Gratz KW, Gensheimer T, Spiessl B. External cranial-fixation for severe maxillofacial injuries. Aktuelle Traumatologie.
1984;14(6):259-262.

32. Wenzel PA, Rizk MP, Michael A, Yin T, Andrews BT. Assessment of Early and Late Management of Submental Gunshot Wounds.
Facial Plast Surg Aesthet Med. 2024;26(6):786-792. doi:10.1089/fpsam.2023.0359.

33. Chaiyasate K, Gupta R, Boudiab EM, Vega D, Hart J, Nossoni F, et al. Comprehensive Treatment and Reconstructive Algorithm for
Functional = Restoration after  Ballistic  Facial Injury. Plast Reconstr Surg Glob  Open. 2022;10(7):e4453.
doi:10.1097/GOX.0000000000004453.

34. Khatib B, Cuddy K, Cheng A, Patel A, Sim F, Amundson M, et al. Functional Anatomic Computer Engineered Surgery Protocol for
the Management of Self-Inflicted Gunshot Wounds to the Maxillofacial Skeleton. J Oral Maxillofac Surg. 2018;76(3):580-594.
d0i:10.1016/j.joms.2017.10.017.

35. Lee CJ, Calvo R, Rosales R, Akhter M, Sise MJ, Krzyzaniak A, et al. Ballistic Facial Trauma Reconstruction: Incidence and Practice
Patterns in the Civilian Population. Ann Plast Surg. 2023;90(5S Suppl 3):5315-S319. doi:10.1097/SAP.0000000000003413.

36. Stein SL, Kos B, Dediol E, Orihovac Z. Maxillofacial ballistic injuries: A 13-year single-institution experience. J Stomatol Oral
Maxillofac Surg. 2026;127(3):102692. doi:10.1016/j.jormas.2025.102692.

37. Resnick E, Balumuka D, Hassan B, Er S, Pope P, De Guzman J, et al. Management of Pan Facial Fractures: Operative Staging and
Overall Complications. Face. 2026;7(1):121-127. doi:10.1177/27325016251387242.

38. Rothweiler R, Bayer J, Zwingmann J, Suedkamp NP, Kalbhenn J, Schmelzeisen R, et al. Outcome and complications after treatment
of facial fractures at different times in polytrauma patients. J Craniomaxillofac Surg. 2018;46(2):283-287.
doi:10.1016/j.jcms.2017.11.027.

39. Weider L, Hughes K, Ciarochi J, Dunn E. Early versus delayed repair of facial fractures in the multiply injured patient. Am Surg.
1999;65(8):790-3.

40. Murphy JA, McWilliams SR, Lee M, Warburton G. Management of self-inflicted gunshot wounds to the face: retrospective review
from a single tertiary care trauma centre. Br J Oral Maxillofac Surg. 2018;56(3):173-176. doi:10.1016/j.bjoms.2017.12.018.

41. Glapa M, Kourie JF, Doll D, Degiannis E. Early management of gunshot injuries to the face in civilian practice. World J Surg.
2007;31(11):2104-10. doi:10.1007/s00268-007-9220-2.

42. Clark N, Birely B, Manson PN, Slezak S, Kolk CV, Robertson B, et al. High-energy ballistic and avulsive facial injuries:
classification, patterns, and an algorithm for primary reconstruction. Plast Reconstr Surg. 1996;98(4):583-601. doi:10.1097/00006534-
199609001-00001.

43. Siberchicot F, Pinsolle J, Majoufre C, Ballanger A, Gomez D, Caix P. [Gunshot injuries of the face. Analysis of 165 cases and
reevaluation of the primary treatment]. Ann Chir Plast Esthet. 1998;43(2):132-40.

44. Vasconez HC, Shockley ME, Luce EA. High-energy gunshot wounds to the face. Ann Plast Surg. 1996;36(1):18-25.
doi:10.1097/00000637-199601000-00005.

45. Knudson SA, Day KM, Kelley P, Padilla P, Collier IX, Henry S, et al. Same-Admission Microvascular Maxillofacial Ballistic Trauma
Reconstruction Using Virtual Surgical Planning: A Case Series and Systematic Review. Craniomaxillofac Trauma Reconstr.
2022;15(3):206-218. d0i:10.1177/19433875211026432.

Tables

Table 1. Core primary clinical evidence retained in the pragmatic scoping review.
Ref. Study / year n Dominant domain
11 Daniels et al., 2022 173 PDaCt:ignt selection / explicit
12 Geetal,, 2023 326 PDaCt:ignt selection / explicit
13 Cogbill et al., 2008 90 ﬁfimsg(m]zggare’ immediate
14 Bynoe et al., 2003 11 :Tfeemsgnggare/ immediate
15 Chen et al., 2009 8 ﬁfimsgnggaré immediate
16 Liao et al., 2007 34 ﬁfinl‘;clnggare’ immediate
17 Hsu et al., 2021 72 :?fiﬂ‘;ci%ggare’ immediate
18 Dar et al., 2021 39 :?fiﬂ‘;ci%ggare’ immediate
19 Wu et al., 2022 49 :?fiﬂ‘;ci%ggare’ immediate
20 Gamanagatti et al., 2016 21 wéggcinggare/ immediate
21 Dean et al., 2009 19 ﬁfimsgmagggaré immediate
22 Patricio Andrades et al., 21 I-_|emorr'hage / immediate

2012 life-saving care

23 Shimoyama et al., 2003 5 :Tfeemsgmagggaré immediate
24 Orthopoulos et al., 2013 155 E'glg:/ri?]agggaré immediate
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. Hemorrhage / immediate
25 Dolin et al., 1992 100 life-saving care

26 Rogol et al., 2025 23 Temporary stabilization

27 Rose et al., 2025 29 Temporary stabilization

28 Asserson et al., 2026 40 Temporary stabilization

29 Mukamba et al., 2026 91 Temporary stabilization

30 Marti-Flich et al., 2020 65 Temporary stabilization

31 Gratz et al., 1984 61 Temporary stabilization

32 Wenzel et al., 2024 27 Temporary stabilization
- Transition / timing of

33 Chaiyasate et al., 2022 13 definitive reconstruction
- Transition / timing of

34 Khatib et al., 2018 10 definitive reconstruction
Transition / timing of

35 Leeetal., 2023 331 definitive reconstruction
36 Stein et al., 2026 17 Transition / timing —of

definitive reconstruction
- Transition / timing of

37 Resnick et al., 2026 50 definitive reconstruction
. Transition / timing of

38 Rothweiler et al., 2018 168 definitive reconstruction
. Transition / timing of

39 Weider et al., 1999 49 definitive reconstruction
Transition / timing of

40 Murphy etal., 2018 76 definitive reconstruction
Transition / timing of

4l Glapa etal., 2007 95 definitive reconstruction
Transition / timing of

42 Clark etal., 1996 318 definitive reconstruction
- - Transition / timing of

43 Siberchicot et al., 1998 165 definitive reconstruction
. Transition / timing of

a4 Vasconez et al., 1996 33 definitive reconstruction
Transition / timing of

45 Knudson et al., 2022 5 definitive reconstruction

Table 2. Proposed clinical evidence map.
Phase Main decision Evidence-mapped actions
Airway protection; direct/local hemostasis;

1. Life-saving care

Is there an immediate threat to life?

packing/tamponade; resuscitation; identify other
bleeding sources; angiography/TAE  when
bleeding persists.

2. Damage-control stabilization

Would definitive repair add unsafe physiologic or
local-tissue burden?

Temporary fracture reduction; external/limited
fixation;  conservative serial debridement;
contamination control; temporary soft-tissue
closure.

3. Readiness assessment

Has the reason for abbreviation resolved?

Hemodynamic stability; correction of
coagulopathy/acidosis/hypothermia;  neurologic
and multisystem stability; acceptable soft tissue
and contamination status.

4, Definitive reconstruction

Can anatomy and function now be restored
safely?

Definitive fixation, bone grafting, orbital/midface
reconstruction, local/regional or free tissue
transfer as indicated.
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Study-selection flow

Records identified from databases
PubMed n = 984 | Scopus n = 1,207

Total n = 2,191
A
Records after deduplication o Duplicates removed
n=1,601 " n =590

A4

Records screened by title/abstract Records excluded at title/abstract screening
n=1,601 n=1,534

v

, . 5 gz Detailed-assessment exclusions (n = 32)
Reports undergoing detailed eligibility assessment
n=67 * Isolated/redundant case or technical report: 22

v

« Insufficient DCS/staged specificity: 9

« Mixed cohort not separately extractable: 1

A4

Primary clinical reports retained in the core evidence map
n=35

DCS = damage-control surgery.

359

360  Figure 1. Study-selection flow for the pragmatic scoping review. The diagram shows database identification,
361 deduplication, title/abstract screening, detailed eligibility assessment, reasons for detailed-assessment exclusions, and the
362 final core clinical evidence set.
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