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Abstract: Background/Objectives: In maxillo-facial high-velocity complex war injuries,
a rigid internal fixation is inappropriate, and external fixation is suitable with described
benefits. This systematic review aimed to summarize the literature regarding the benefits,
side effects and complications of external fixators in the management of mandibular war-
related injuries. Methods: An electronic search was performed in the databases of PubMed
and Google Scholar in December 2024. The title and abstracts from retrieved items were
read by two reviewers to identify studies within the selection criteria. Included articles
had to be published in English up to December 2024 and related to external fixators
used in mandibular fracture war injuries. Results: The search strategy initially identified
445 studies through PubMed and 987 studies through Google Scholar. Following the
application of inclusion criteria, 12 articles were selected for this review, describing the use
of an external fixator for a mandibular fracture in a war injury. Conclusions: The external
fixator offers effective treatment for severe mandibular fractures in war-related injuries with
low rates of complications and high success rates. Where a manufacturer external fixator is
not available, orthopedic external fixators and self-crafted external fixators are used.

Keywords: external fixator; war injuries; mandibular fracture

1. Introduction

At the end of 20th century, external fixation appliance seemed to be an unusual
modality in the treatment of mandibular fractures and the treatment considered standard
for mandible fractures was the rigid internal fixation [1-3].
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There are situations where rigid internal situations are inappropriate, such as complex
comminuted high-velocity gunshot fractures, where opening the surgical site and stripping
off the periosteal in order to apply the plates and screws may devitalize bone, leading to
sequestrum formation and infection [1]. In these situations, external fixation is suitable,
and its benefits have been described by many authors [1,4—6]. This treatment has reduced
morbidity when compared to the open treatment, allowing an adequate repair of bone
and adjacent soft tissues and less potential for infection [7-9]. Bone plate stabilization of
craniomaxillofacial injury caused by high-velocity missiles was attempted by surgeons in
the Vietnam War, but the results seemed to be even worse than with wire fixation [3,8].

Other indications of external fixation are large bone defects waiting for secondary
reconstruction caused by tumor resection, pathological mandibular fractures caused by in-
fections, osteoradionecrosis, osteomyelitis and acute purulent infection [2,5,9-13]. External
fixators can also be chosen as a second-choice treatment for cases of comminuted mandibu-
lar fractures initially treated with internal fixation, but which evolved with infection and
the need to remove bone synthesis material [7,14-16]. Recently, the use of external fixators
has been described for the treatment of condylar fractures [7-19].

Lambotte, at the beginning of the twentieth century, initially developed the exter-
nal fixator for trauma management of the limbs [20]. Between 1934 and 1948, Ginestet
transposed the technique to the maxillofacial skeleton [21,22].

This transition from orthopedic to maxillofacial applications was further advanced in
the mid-20th century by pioneers such as Roger Anderson, who introduced a system of
external fixation adapted to the craniofacial skeleton, particularly during the management
of complex facial injuries in military settings. His design, later known as the Anderson
device, formed the basis for further innovations in mandibular stabilization. Subsequently,
Vladimir Rudko contributed to refining the technique and adapting it for routine use in
civilian maxillofacial trauma, promoting minimally invasive principles and emphasizing
functional recovery. These historical developments laid the foundation for the modern
resurgence of external fixation in the management of mandibular war injuries [20].

Several types of mandibular external fixation devices exist. The oldest type is a
modified Roger Anderson device, which is considered to be uniphasic and consists of
two percutaneous pins on either side of the fracture linked together by a metal bar and
connectors. The Joe Hall Morris device, used during the Korean War, consists of a biphasic
system, where pins were connected with self-curing resin instead of rods, simplifying and
lightening the fixator compared with models with rods [5]. Recently, newer versions of the
uniphasic system were developed and have been made commercially available for use [9].
Unlike the traditional external fixator, those new versions of fixators are suitable for the
mandible and adapting to the contours of this bone [13].

In the last decade, we have seen a steady increase in papers concerning the use of
external fixators on the mandible because of the wars in Iraq, Afghanistan and other
parts of the world where war is transpiring, high-velocity rifles are fired and missiles are
used [5,7,23,24]. Although there has been a rebirth of interest in the use of the external
fixator in maxillofacial surgery, as indicated by the plethora of case series published in
the past 20 years, there is a lack of reliable information regarding the use of an external
fixator on the mandible in war-related injuries. This systematic review aimed to summarize
the external fixator used in mandibular war injury management, its benefits, side effects
and complications. More specifically, this review focuses on the practical applications
of external fixation in mandibular fractures caused by high-velocity ballistic trauma in
military settings. It aims to synthesize available evidence regarding indications, technical
feasibility, treatment outcomes and associated complications, in order to guide clinicians
managing such injuries in austere or resource-limited environments.
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2. Materials and Methods
2.1. Protocol

This systematic assessment was performed in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines to assess the
effectiveness of the external fixator in the treatment of war-related mandibular injury.

2.2. Search Strategies

To identify studies on external fixators used to treat war-related fractures of the
mandible, a systematic search was conducted by two investigators in the databases of
PubMed and Google Scholar from inception to December 2024. The search strategy used
was defined with the PICO criteria: participants (Patients with war-related mandibular
injury)—interventions (external fixation)—comparator (explosive device or high-velocity
round projectile and initial treatment or definitive treatment or associated bone and soft tis-
sue treatment)—outcome (time to bone healing, bone healing with return to normal function
and facial morphology, non-union, infection of the pin insertion site, limitation of mouth
opening). The search strategy used the following algorithm: ((“external fixators”[MeSH
Terms] OR (“external”[All Fields] AND “fixators”[All Fields]) OR “external fixators”[All
Fields] OR (“external”[All Fields] AND “fixator”[All Fields]) OR “external fixator”[All
Fields]) AND (“human s”[All Fields] OR “humans”[MeSH Terms] OR “humans”[All
Fields] OR “human”[All Fields]) AND (“mandible”[MeSH Terms] OR “mandible”[All
Fields] OR “mandibles”[All Fields] OR “mandible s”[All Fields])) AND ((fha[Filter]) AND
(humans|[Filter]) AND (english[Filter])), utilizing Medical Subject Heading (MeSH) terms.
A manual search was also performed on the references of the retrieved articles for additional
relevant works, reviewing abstracts for potential full-text analysis and inclusion.

Due to the focus of this review on practical use in low-resource or conflict settings,
the database selection was restricted to PubMed and Google Scholar, which are both freely
accessible. This was a deliberate methodological choice to ensure reproducibility and
feasibility of the review process under austere conditions. The potential impact of this
limitation is acknowledged in the discussion.

2.3. Eligibility Criteria

The search was confined to English language literature reporting the use of the external
fixator to treat military or war-related mandibular injuries on human subjects with no time
restriction regarding publication date. The study encompassed all published prospective,
retrospective, case series and case report studies. If publications combined different modal-
ities of treatment for war-related mandibular fracture (open reduction and internal fixation,
maxillomandibular fixation and external fixation), the data related to external fixation had
to be isolated and included.

Laboratory or animal research, studies on cadavers and technical notes were excluded
for this review. Studies using an external fixator to treat low-velocity mandibular gunshot
injuries outside of war zone (peace time) or regarding the use of an external fixator to treat
other traumatic mandibular fractures not obtained from gunshot were excluded. The use
of an external fixator for isolated injuries of mandibular condyle was excluded. Studies
regarding upper jaw or other facial bone fracture war-related injuries treated by external
fixator were also excluded.

2.4. Study Selection

After conducting the search, duplicate entries were removed before the screening.
The remaining articles were then screened for relevance based on their title and abstracts.
The full texts of the shortlisted abstracts considered for full review were downloaded
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and reassessed for final inclusion, adhering to the predefined criteria. A second reviewer
repeated the screening process to validate the results. Any discrepancies between the
reviewers were reconciled.

2.5. Data Extraction and Analysis

The extracted data were the first author’s name, publication date, country of origin,
the study design, the age and gender, the indication as initial or definitive fixation, patient
count, the mechanism of war injury, fracture details including bone loss and soft tissue loss,
the follow-up period, type of external fixator used, the fixation duration, the associated
treatment for bone and soft tissue, the outcome and complications.

Should an article lack the necessary information, the relevant cells were labeled as
‘Not Available” (NA). We undertook only the description and qualitative synthesis of the
identified studies due to the absence of homogeneous randomized comparative studies.

2.6. Risk of Bias

The Newcastle-Ottawa scale (NOS) was used to assess the quality of the cohort studies
included in this systematic review based on object selection, comparability and exposure.
For case studies and case series studies included, we removed from the NOS the items that
related to comparability and adjustment because those studies were non-comparative, and
this resulted in 5 questions. We retained for the purpose of quality assessment the items
that focused on selection, representativeness of cases and ascertainment of outcome and
exposure. The number 1 or 0 was directly related to the quality of studies. For the cohort
study, NOS has a total score of 9 and scores equal to or higher than 6 were considered to
indicate high quality of the study. Lower scores corresponded to the lower quality of the
article. For case studies and case series studies, we considered the report good or high
methodological quality when all 5 criteria were fulfilled, moderate when 4 were fulfilled
and poor or low methodological quality when <3 were fulfilled. This tool has previously
been applied [25,26].

3. Results
3.1. Study Selections
A total of 1432 results were found in the search (Figure 1).
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Figure 1. PRISMA flow-chart summarizes the search strategy used to make the final selection of
publications for review.

After removal of 50 duplicates, the titles of the remaining 1382 articles were screened
independently by two researchers, after which 1353 were rejected due to irrelevancy. The
full text of the remaining 29 articles were read in full and 17 publications were excluded.
The reasons were because two were technical notes, two literature reviews, eight civilian
gunshot injuries, one war maxillary injury, one motorcycle accident and three osteomyelitis
complicated road accidents. In the end, 12 articles were selected for this systematic review
(Tables 1 and 2). The process of study selection and the reasons for exclusion are highlighted
in a PRISMA flow-chart (Figure 1).

3.2. Study Characteristics

The 12 studies included in the qualitative synthesis were published from 1990 to 2023,
including 10 papers between 2010 and 2023, with a marked increase over the last decade of
the 12 studies. Four studies were retrospective cohort studies, four were case series studies,
four were case studies. Six studies reported on injuries sustained in Iraq and Afghanistan
published by UK-based groups operating in military hospitals, one study published by a
Turkish group related to a case series of two Libyan civil war fighters transferred from the
battlefield via airplane to Istanbul for trauma management and five studies reported on an
unspecified combat zone. Moreover, eight studies concerned mandibular fractures treated
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exclusively using an external fixator and four studies combined an external fixator with
other treatment methods.

The review included a total of 72 patients with mandibular war injuries who had
undergone external fixation.

In this review, all the patients sustained injuries from an explosive device or high-
velocity round and presented a heavily comminuted fracture of the mandible with large
soft tissue defect and in three studies, significant loss of bone [2,13,14,23,27-30]. Only
three studies reported improvised explosive device as the mechanism of injury [27,30,31].
In the other nine of twelve studies, gunshots with high-velocity round are reported to
cause mandibular war injury treated by an external fixator. The external fixators were
used during wartime either to definitively manage the mandibular war fracture in eight
studies or as temporary treatment to initially stabilize the fracture. External fixation was an
initial treatment in gunshot fractures of the mandible with large bone defect, which was
followed by delayed open reduction internal fixation with osteochondral bone grafting and
was performed in six studies [5,6,14,30-32]. The conversion time was mentioned by two
authors; 2 months on the cases series presented by Elbir et al. in Turkey and 14 weeks on
the case presented by Carvalho et al. in Brazil [14]. Tables 1 and 2 summarize some the
major characteristics of the papers included for review.
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Table 1. Major characteristics of the papers included for review.
Authors (Year) Study Design Country  N. Patients Type of . Mechanism Indication Fracture Details Outcome Complications
External Fixator

Gibbons, 2011 [33] Case report UK 1 Custom II High-velocity Definitive Comminuted Bone heahng,. None

bullet fracture correct occlusion
. Orthopedic High-velocity 2 Definitive, Comminuted, Functional recovery,
Carvalho, 2019 [14] Case series NA 3 wrist bullet 1 Initial 1 w/bone loss aesthetics restored None
Zorman, 1990 [34] Case series NA 4 Orthopedic Missile injury NA NA Good /excellent NA
(Hoffman) result

Explosive Comminuted,

Mc Millian, 2016 [30] Case report NA 1 NA P Definitive large soft Excellent None
device tissue defect
High-velocit Comminuted,

Breeze, 2016 [28] Case report NA 1 NA & Y Definitive soft tissue Successful Not reported
bullet maceration

Elbir, 2023 [6] Case series Libya 2 Custom II Igléigllggveloaty Initial Multifragmented NA None
Explosive Comminuted, Primary bone

Mc Veigh, 2010 [23] Case series UK 3 Custom II P Definitive periosteal ary NA
device damage healing

R Retrospective High-velocity 5 Definitive, Non-union
Marti-Flich, 2020 [5] cohort France 24 Self-crafted bullet 19 Initial NA NA (2 cases)
Venugopal 2011 [32] ~ Retrospective g5 10 NA Explosive 8 Definitive, Comminuted  NA NA
cohort device 2 Initial

Maghalaes, 2020 [13] Case report NA 1 Orthopedic High-velocity Definitive Commmpted Function and None
bullet w/infection contour preserved

Breeze, 2011 [27] Retrospective ;¢ oY) NA Explosive Definitive NA NA NA

cohort device
. Retrospective High-velocity . Non-union
Ellis, 2003 [2] cohort NA 17 NA bullet NA Comminuted NA (4 cases 23.5%)
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Table 2. Major characteristics of the papers included for review (continuation and end).

Authors (Year) Follow-Up/Duration of External Fixator (Week) Associated Bone Treatment Associated Soft Tissue Treatment
Gibbon, 2011 [33] 7 weeks NA NA

Canvlbo 9 [i] 14 wecks Oxtecondral bone gt nd rconsiracion

Zorman, 1990 [34] NA NA NA

McMillian, 2016 [30] NA NA NA

Breeze, 2019 [28] NA Iliac bone graft NA

Elbir, 2023 [6] 8 weeks (2 months) Iliac bone graft and reconstruction plate NA

Mevegh 2001 A il teoombelsofsubsntil

Marti-Flich, 2020 [5] NA NA NA

Venugopal, 2011 [32] 24 months of follow-up NA NA

Maghalaes, 2020 [13] NA no izzi)a;)drailnetl:i ie0>;fraoral wound healed in
Breeze, 2011 [27] NA NA NA

Ellis, 2003 [2] NA NA NA
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3.3. External Fixator Device Available

Seven of the twelve studies mentioned the type of external device used [5,6,13,14,23,33,34]:
three orthopedic external fixators (n = 3) [13,14,34], external fixators manufactured for
the mandible (n = 3) [6,23,33], a self-crafted mandibular external fixator with components
of at least three pins in each pone fragment connected with a breathing tube filled with
self-cured resin which will rigidify the device (n = 1) [5].

3.4. Outcome and Fracture Union Duration

Overall, the external fixation device allowed the return to normal function and mor-
phological aspect of the mandible [5,6,14,23,28]. Only three studies provided information
about time duration of immobilization, which allows the external fixator to achieve bone
healing ranging from 7 weeks [33] to 12 weeks [13,14]. Although reported in only a minority
of studies, the average duration of external fixation in these high-velocity injuries ranged
between 7 and 14 weeks, with longer durations generally associated with bone loss or
staged reconstruction protocols.

3.5. Complications

Only three authors mentioned post-operative complications, whereas other authors
did not experience any complications when they used external fixation to treat mandibular
war injuries. Two authors reported non-union requiring bone graft reconstruction [2,5].
Venugopal et al. reported minor scarring and skin contractions after removal of the ex-
ternal fixation device was reported [32]. Three studies focused their attention to intraop-
erative technical problems during external fixation technique so as to avoid fracture of
tooth roots and inferior alveolar nerve by positioning the pins closest to the base of the
mandible [5,8,14].

Quality Assessment of Studies

The assessment of the methodological quality of the included case studies and case
series studies is shown in Table 3. Four studies had good quality, two moderate quality
and one poor quality. When assessing the quality of the cohort studies, the total score of
all included studies, except for one, was greater than or equal to 6, indicating high-quality
studies (Table 4).

Table 3. Methodological quality of included cases studies and cases series studies.

Reference Question1 Question2 Question3 Question4 Question5 Overall Quality
gi:?:zpigtl ;33] © © © © © Good

Carvalho 2019, case series [14] © ® @] © ® Good

Zorman 1990, case series [34] © ® @] © ® Low

McMillian 2016, case report [30] © © © © © Low

Breeze 2016, case report [28] © ® @] © ® Moderate

Elbir 2023, case series [6] @] ® (@] © ® Good

Mc Veigh 2010, case series [23] © © © © © Good
Maghalaes 2020, case report [13] © ® @] © ® Moderate

Questions addressed for assessment of methodological quality: 1. Did the patient(s) represent the whole case(s) of
the medical center? 2. Was the diagnosis correctly made? 3. Was the other important diagnosis excluded? 4. Were
all the important data cited in the report? 5. Was the outcome correctly ascertained?
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Table 4. Methodological quality of included cohort studies.

Selection Comparability Outcome
Reference Representativeness Ascertainment Selection of Outcome Was Not Comparability Assessment Sufficient Adequacy of .
Present at the . Follow-Up Overall Quality
of the Cases of Exposure Non-Exposed of Cohorts of Outcome Follow-Up Time
Start of Study of Cohorts
Marti-Flich 2020,
retrospective 0 0 1 1 1 1 1 1 5
cohort study [5]
Venugopal 2011,
retrospective 1 1 0 1 2 1 1 1 8
cohort study [32]
Breeze 2011,
Retrospective 1 1 1 1 2 1 1 1 9
cohort study [27]
Ellis 2003,
retrospective 1 1 1 1 2 1 1 1 9

cohort study [2]
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4. Discussion

Multiple treatment options such as ORIF, MMF and external fixation are available for
the treatment of mandible fractures. Our objective in conducting this systematic review was
not only to catalog the use of external fixators in war-related mandibular trauma but also
to clarify their specific role in clinical decision-making, whether as definitive or temporary
stabilization—particularly in the context of high-velocity, comminuted fractures that pose
a challenge for conventional osteosynthesis. At the end of 20th century, external fixation
appliance seemed to be an unusual modality in the treatment of mandibular fractures.
Contemporary military conflicts in Iraq and Afghanistan have once again demonstrated the
usefulness of external fixation in the management of war mandibular injuries [27,33]. Gib-
bons, Breeze and McMillian, oral and maxillofacial surgeons from the UK, reported several
case series and case report of patients with comminuted mandibular fracture war-related
injuries sustained in Iraq and Afghanistan managed by external fixation [7,27,30,33,35-42].

We attempted to find answers to the following questions: What are the external
fixators available for mandible fracture management? What are the indications and fracture
patterns for using external fixation in a mandibular war injury? What are the benefits and
reported outcomes of external fixators reported in the literature? What are complications
associated with external fixation in war mandibular injuries?

In search of the answer to the first question, we found that there are three main ex-
ternal fixators available for mandibular war fractures: the manufacturer external fixator,
the self-crafted Joe Morris biphasic fixator and the orthopedic external fixator. Orthopedic
fixators for hand and wrist fractures were successfully used in the treatment of mandibular
injuries [14]. The advantages of orthopedic external fixators are that the kit is usually
available, and they are versatile, expedient and simple to apply, although they are bulky to
wear and the bar shapes and pins are not customized for the mandible [13,43-45]. Modern
incarnations of external fixators of the mandible (manufacturer mandibular external fixa-
tors), such as those produced by Synthes©, have titanium bars that are shaped to conform
to the contours of the mandible, are operator-friendly and are associated with improved
patient comfort and tolerance, although they are expensive [5,23]. The system is adjustable
and lightweight [11,13,33,46] and it is well suited for use in the modern combat surgery
environment. The self-crafted Joe Hall Morris biphasic appliance, described Korean War,
consists of a biphasic system where pins are connected with self-curing resin instead of
rods. Its inconvenience is that it is not quickly applied and once in place, it cannot be
adjusted [5,33,47 48].

In terms of practical application, several technical considerations must be kept in mind
when using external fixation in mandibular trauma. Pin placement should avoid vital
anatomical structures such as tooth roots, mental foramen and the inferior alveolar nerve.
Most authors recommend placing pins close to the inferior border of the mandible, in the
basal bone, where cortical thickness allows for better purchase and lower risk of iatrogenic
injury. Bicortical pin placement is preferable for stability [14]. In austere or military settings,
orthopedic fixators or improvised constructs (such as breathing tubes filled with resin)
can be effectively adapted for mandibular use, although they may lack the conformity
and comfort of modern mandibular-specific devices [5]. Despite their limitations, these
adaptations remain valuable where commercial devices are unavailable. Attention must
also be paid to soft tissue clearance and the need for pin site hygiene to reduce the risk of
secondary infection [32].

In regard to our second question about indications and fracture patterns for using
external fixation, we found that all patients reported presented complex comminuted frac-
tures with soft tissue damage from high-velocity missiles and explosive devices [24]. These
complex comminuted fractures are associated with large periosteal, muscle or mucosal
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damage. The placement of foreign bodies such as plates and screws in this setting requires
wide periosteal stripping at the fracture site that may compromise the blood supply and
increase the infection risk. The use of external fixation provides an optimal environment
allowed to obtain complete bone healing [3,7,8,10,23,31].

For the third question regarding the benefits and reported outcomes, it has been shown
that external fixation yields satisfactory outcomes even without transitioning to internal
osteosynthesis. External fixation is recommended as a definitive treatment option, as it
eliminates the necessity for a second surgical procedure, thereby indirectly reducing patient
burdens associated with awaiting surgery and avoiding the risks linked to subsequent
operations and anesthesia in low-income countries [30,33]. External fixation is used for
temporary fixation of highly comminuted mandibular fractures with bone defects when
bone grafting is required. The initially adequate stabilization of facial fractures is necessary
to prevent collapse and fibrosis that are very difficult to treat once established [14,23].

When comparing external fixation to other commonly used techniques for mandibular
fracture management, particularly in war-related injuries, several advantages become
apparent. Open reduction and internal fixation (ORIF) provide rigid stabilization and
can restore anatomy and occlusion precisely, but they require extensive surgical exposure,
periosteal stripping and are contraindicated in contaminated or infected fields. In contrast,
external fixation offers stabilization without compromising the soft tissue envelope, which is
essential in high-velocity comminuted injuries with severe soft tissue loss or when infection
is present. Maxillomandibular fixation (MMF), while less invasive, does not provide direct
fracture stabilization and can be problematic in polytraumatized or intubated patients. In
military or austere environments, where delayed reconstruction is often necessary, external
fixation serves as an ideal temporizing or even definitive solution. It reduces operative time,
allows soft tissue healing before reconstruction, and facilitates oral hygiene and feeding
when compared to prolonged MMEF. The choice of technique should be guided by injury
severity, contamination and logistical constraints [2,7,23,27,31].

The duration of external fixation in war-related mandibular injuries is influenced
by the complexity of the fracture, the presence of bone loss and the timing of definitive
reconstruction. While only a few of the studies included in our review reported fixation
times, available data suggest a typical range from 7 to 14 weeks. These findings are
consistent with a large retrospective series by Rose et al., which demonstrated that fixation
duration depends on the mechanism of injury [49]. In their study, gunshot wounds had
an average external fixation duration of 79 days, compared to 107 days in cases of failed
ORIF with non-union and osteomyelitis, and shorter durations for motor vehicle accidents
(18 days) and pathologic fractures (16 days). This supports the idea that high-velocity
ballistic trauma, as seen in war injuries, often requires prolonged stabilization periods due
to the extent of comminution, bone loss and infection risk [49].

Although the included studies rarely detailed the rehabilitation process or long-
term functional follow-up, it is generally accepted that the management of high-velocity
mandibular injuries treated with external fixation involves a phased approach. Based on
clinical reasoning and available case reports, rehabilitation can be conceptually divided into
three stages: (i) initial stabilization, during which external fixation provides mechanical
stability and allows for wound management; (ii) the intermediate phase, focusing on soft
tissue healing, infection control and monitoring of bone consolidation; and (iii) the delayed
or definitive reconstruction phase, which may include bone grafting, dental rehabilita-
tion and physiotherapy aimed at restoring occlusion, mandibular function and aesthetics.
While our review confirms that most patients achieved satisfactory anatomical and func-
tional outcomes, further research is needed to define the optimal timing and protocols
for rehabilitation.
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Regarding the last question we attempted to answer, the complications associated with
external fixation in this review were non-union requiring bone graft reconstruction [2,5],
minor scarring and skin contractions after removal of external fixation device [32]. A study
shows that external fixation had an extremely high complication rate in the management of
high-velocity injury. This may be attributed to the complexity of the injury itself and not
necessarily the use of the external fixation device [50].

Although our systematic review did not identify studies reporting histological findings
of bone stumps or regenerated tissue following high-velocity mandibular gunshot wounds,
the available orthopedic and military trauma literature describes typical features of bone
exposed to ballistic trauma. These include areas of necrosis, microfractures, thermal and
mechanical devitalization at the wound margins, and extensive periosteal stripping, which
compromise the biological environment for healing. These devitalized bone fragments often
require thorough debridement to prevent chronic infection or non-union. Furthermore, the
regenerated bone that forms under external fixation in such settings may show delayed
remodeling and irregular architecture, particularly when associated with infection or
insufficient stabilization. These observations support a staged approach to reconstruction
and the value of external fixation in allowing the bone and soft tissues to recover prior to
definitive management.

Strength and Study Limitations

This is the first systematic review to describe the use of external fixators for the treat-
ment of mandibular war fractures. This review demonstrates the advantages of external
fixation in this specific group of patients, but it also faces several limitations. Firstly, as most
articles included in this study studies were case series, the evidence level is considered
low. Secondly, as most of the operations were accomplished on an emergency basis and
war context, it is difficult to conduct randomized trials. However, more comparative and
prospective studies can be conducted in the future to validate the outcome shown. Another
limitation is the database selection. The exclusion of proprietary databases such as Scopus
or Embase may have led to the omission of some relevant studies. However, this was an
intentional choice to prioritize open-access and replicability in the context of low-resource
or war-affected settings, which aligns with the practical aim of the review.

5. Conclusions

This review establishes the current role of external fixation in maxillofacial fracture
treatment. The use of external fixation for the treatment of mandibular fractures is recom-
mended and appropriate to treat severe mandibular fractures with high success rate in
military practice. In addition, it provides adequate fracture stabilization for temporary or
staged treatment and can be converted to more stable constructs for definitive management.
This review reports lower complication rates following external fixation even in severe
mandibular fractures. Where the manufacturer external fixator is not available, orthopedic
external fixators and self-crafted external fixators are used.
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