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ABSTRACT 
Background: Firearm-related mandibular fractures are increasingly encountered in tertiary care 
settings and are associated with complex injury patterns and significant morbidity. Optimal 
management remains debated, particularly between open reduction and internal fixation (ORIF) 
and closed treatment approaches. 
Methods: This retrospective comparative cohort study was conducted at Mardan Medical 
Complex, Khyber Pakhtunkhwa, Pakistan, from April 2024 to December 2025. A total of 202 
patients with firearm-related mandibular fractures were included and categorized into ORIF 
(n=157) and closed treatment (n=45) groups. Outcomes included infection, non-union, 
malocclusion, facial asymmetry, healing time, and functional recovery. Multivariable logistic 
regression was performed to adjust for confounders. 
Results: Non-union (15.6% vs. 4.5%, p=0.01), malocclusion (22.2% vs. 7.6%, p=0.005), and facial 
asymmetry (20.0% vs. 6.4%, p=0.004) were significantly higher in the closed group. Infection 
rates were comparable (p=0.32). ORIF demonstrated shorter healing time and improved 
functional recovery. Adjusted analysis confirmed higher odds of non-union (aOR 3.82), 
malocclusion (aOR 2.94), and facial asymmetry (aOR 2.78) with closed treatment. 
Conclusion: ORIF provides superior structural and functional outcomes compared to closed 
treatment in firearm-related mandibular fractures and should be preferred when feasible. 
Keywords: Facial Asymmetry, Firearms Injury, Mandibular Fractures, Postoperative 
Complications, Retrospective Studies 

 
 

Introduction 

Firearm injuries are a significant public health 
concern (1). In these injuries, the head and 
neck region is most commonly affected 
because of its anatomical exposure. Among 
the facial injuries, the mandibular bone is 
most commonly affected because of its 
prominent location (2). The injury to the 
mandible is associated with extensive 
comminution, soft-tissue disruption, 
contamination, and a high risk of infection. 

These injuries may lead to severe functional 
impairment such as impaired occlusion, 
difficulty in mastication, speech limitations, 
airway compromise and long-term facial 
asymmetry and aesthetic deformity (3).  
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In regions with a high prevalence of 
interpersonal violence and civilian firearm 
accessibility, the mandibular gunshot injuries 
form an important subset of maxillofacial 
trauma requiring timely and specialized 
management (4). 
Treating mandibular fractures caused by 
firearm injuries is clinically challenging for 
surgeons as ballistic wounds are characterized 
by unpredictable energy transfer, irregular 
fracture patterns, and varying degrees of 
tissue destruction (5). The management 
options for mandibular fractures are 
traditional closed treatment methods such as 
maxillomandibular fixation (MMF), which is 
simple, lower cost, and avoidance of 
periosteal stripping (6). The second treatment 
modality is closed reduction, which is 
associated with higher rates of malunion, non-
union, prolonged immobilization, difficulty in 
maintaining oral hygiene, and delayed return 
of function (7).In the third treatment 
approach, open reduction and internal 
fixation (ORIF) enables the surgeon to directly 
see the fracture and reduce it anatomically, 
which can result in rigid stabilization, making 
it easier to mobilize early and achieve better 
functional results. ORIF can potentially 
increase the risk of soft tissue injury, surgical 
site infection, or hardware exposure (3,7). 
Both approaches are practiced; the current 
literature has inconsistent results regarding 
the relative effectiveness of both closed and 
open reductions. The previous evidence for 
the research is based on varied trauma 
mechanisms, small study populations, and 
outdated fixation methods, and relatively few 
studies have focused on firearm injuries (8). 
Firearm injury is a vastly different entity from 
blunt trauma, so the findings from blunt 
trauma research may not be entirely relevant 
(9).  

There is a constant stream of firearm injuries 
in the tertiary care hospitals of Khyber 
Pakhtunkhwa, Pakistan. Due to the clinical 
complexity of mandibular trauma, there is a 
need for real-world evidence to guide 
treatment decisions. To fulfill this gap, this 
study was designed to compare the outcomes 
of open reduction and internal fixation with 
those of closed treatment in patients 
presenting with firearm-related mandibular 
fractures, with particular attention to 
postoperative infection, non-union, occlusal 
stability, and facial asymmetry. The 
contextually relevant data from a tertiary care 
hospital that regularly manages such injuries. 
This study will support clinical decision-
making, minimize complications, and 
improve functional and aesthetic recovery in 
affected patients. 
 

Methods 
This study design was a retrospective 
comparative cohort analysis and was 
conducted in the Department of Oral and 
Maxillofacial Surgery at Mardan Medical 
Complex (MMC), Mardan, Khyber 
Pakhtunkhwa, Pakistan, which is a tertiary 
referral center that routinely manages high-
energy maxillofacial trauma, including 
firearm injuries. Ethical approval was 
obtained from the Institutional Review Board 
of Medical Teaching Institution, Bacha Khan 
College of Dentistry / Bacha Khan Medical 
College, Mardan (Approval No: 405, dated: 
12/03/2024). The study period was from 
April 2024 to December 2025. All the eligible 
cases were identified through emergency 
department registers, operative logs, and 
departmental archives. Data extraction was 
performed between April 2024 to December 
2025, and data regarding clinical outcomes 
were obtained from standard six-week 
postoperative follow-up records. 
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The inclusion criteria included patients aged 
20 to 40 years who presented with a 
radiologically confirmed mandibular fracture 
caused by a firearm injury, and presented at 
the hospital within seven days of trauma, and 
had complete clinical, radiographic, and 
follow-up documentation. The exclusion 
criteria were patients with non-ballistic 
mandibular fractures, fractures requiring 
bone grafting or microvascular 
reconstruction, or associated non-mandibular 
facial fractures, any systemic medical 
conditions known to impair healing, or 
incomplete documentation were also 
excluded. All the eligible patients were 
categorized into two groups based on the 
definitive management they received. The 
ORIF group included the patients treated 
through open surgical exposure and rigid 
fixation using titanium miniplates or 
reconstruction plates. The closed-treatment 
group included patients managed non-
surgically using maxillomandibular fixation 
(MMF) or intermaxillary fixation (IMF).  
The primary outcome variables of the study 
were postoperative infection, non-union, 
malocclusion, and facial asymmetry. 
Postoperative infection was defined by the 
presence of erythema, purulent discharge, 
fistula formation, systemic signs of infection, 
or radiologic features suggestive of 
osteomyelitis within six weeks following the 
treatment. Non-union was defined as 
persistent mobility at the fracture site 
accompanied by a radiolucent gap on 
orthopantomogram at six weeks. 
Malocclusion was assessed clinically by 
evaluating deviation from the patient’s 
premorbid or physiologic occlusion. Facial 
asymmetry was assessed visually at follow-up 
for any contour deformity or deviation. 
Secondary outcomes of the study were overall 
complication rates, early functional recovery, 

and the need for revision procedures.  
confounders for this study were age, sex, 
fracture site, degree of comminution, soft-
tissue involvement, contamination, smoking 
status, and time interval between injury and 
treatment. 
Data extraction was done from electronic 
medical records, operative reports, clinical 
examination forms, orthopantomograms, and 
computed tomography scans, which were the 
primary imaging modality for diagnosing and 
classifying fractures. The data included details 
regarding type of fixation hardware in the 
ORIF group and the MMF/IMF technique in 
the closed-treatment group were 
documented.  
All eligible patients during the study period 
were included in the study. The initial sample 
size estimation was carried out during the 
planning of the study based on the previous 
infection rates published in the literature. The 
retrospective nature of the study allowed the 
inclusion of the entire population to improve 
the statistical power. The Shapiro-Wilk test 
was used to check for normality in the 
continuous variables. All normally 
distributed variables were presented as mean 
with standard deviation, while the skewed 
variables were presented as median with 
interquartile ranges. 
The statistical analysis was carried out using 
SPSS version 24.0. Descriptive and inferential 
statistical analysis was carried out. 
Comparison of categorical variables between 
treatment groups was carried out using chi-
square or Fisher exact test, while comparison 
of continuous variables was carried out using 
independent t-test or Mann-Whitney U test 
depending on the distribution. Multivariable 
logistic regression analysis was used to adjust 
for potential confounders such as age, sex, 
fracture severity, fracture location, and time to 
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intervention. Adjusted odds ratio with 95% 
confidence interval was used. 
 

Results 
A total of 202 patients with firearm-related 
mandibular fractures were included, of whom 
157 patients (77.7%) underwent open 
reduction and internal fixation (ORIF) and 45 
patients (22.3%) underwent closed reduction. 
All patients had complete clinical and 
radiographic follow-up. 
The mean age of the patients was 29.2 ± 5.1 

years, and there was no significant difference 
between the ORIF and closed groups (p > 
0.05). Males accounted for 90.1% of the study 
population. The type of fracture was evenly 
distributed, and parasymphysis, body, and 
angle fractures were the most frequent 
fracture sites. The level of comminution, 
smoking, and soft tissue contamination was 
also evenly distributed between the groups. 
A detailed summary of the baseline 
characteristics is presented in Table 1. 

 

Table 1. Baseline Demographic and Injury Characteristics of Patients (N = 202) 
Variable ORIF (n=157) Closed (n=45) Total (N=202) p-value 

Age (years), mean ± SD 29.4 ± 5.2 28.7 ± 4.9 29.2 ± 5.1 0.41 

Sex    0.78 

  Male 142 (90.4) 40 (88.9) 182 (90.1)  

  Female 15 (9.6) 5 (11.1) 20 (9.9)  

Soft-tissue contamination 78 (49.7) 21 (46.7) 99 (49.0) 0.72 

Smoker 55 (35.0) 14 (31.1) 69 (34.2) 0.61 

Fracture location    0.67 

  Parasymphysis 48 (30.6) 11 (24.4) 59 (29.2)  

  Body 39 (24.8) 10 (22.2) 49 (24.3)  

  Angle 35 (22.3) 12 (26.7) 47 (23.3)  

  Symphysis 18 (11.5) 5 (11.1) 23 (11.4)  

  Ramus 10 (6.4) 4 (8.9) 14 (6.9)  

Comminution    0.48 

  Mild 42 (26.8) 14 (31.1) 56 (27.7)  

  Moderate 78 (49.7) 18 (40.0) 96 (47.5)  

  Severe 37 (23.6) 13 (28.9) 50 (24.8)  

ORIF = Open Reduction and Internal Fixation; SD = Standard Deviation 
 

Among ORIF patients, 73.9% underwent 
fixation with miniplates and 26.1% with 
reconstruction plates. In the closed group, 
71.1% were treated with arch bars and 28.9% 
with eyelets. The need for debridement was 

more common in the ORIF group, although 
not statistically significant.  
Treatment characteristics are presented in 
Table 2. 

 

Table 2. Treatment Characteristics 

Variable ORIF (n=157) Closed (n=45) 

Type of fixation / immobilization   

Miniplates 116 (73.9%) — 

Reconstruction plates 41 (26.1%) — 

Arch bars — 32 (71.1%) 

Eyelets — 13 (28.9%) 

Mean duration of MMF (days) — 28.4 ± 4.3 

Debridement required 64 (40.8%) 13 (28.9%) 

MMF = Maxillomandibular Fixation. 
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Postoperative infection occurred in 11.5% of 
ORIF patients and 6.7% of closed-treatment 
patients, with no statistically significant 

difference (p = 0.32).Non-union was 
significantly higher in the closed group 
(15.6%) than in the ORIF group (4.5%) (p = 
0.01).Malocclusion occurred in 22.2% of 
closed-treatment patients compared with 
7.6% in the ORIF group (p = 0.005).Facial 
asymmetry was significantly more common in 
the closed group (20.0%) compared with ORIF 
(6.4%) (p = 0.004). 
A full comparison of primary outcomes is 
shown in Table 3. 

Table 3. Comparison of Primary Outcomes Between 
Groups 

Outcome ORIF 
(n=157) 

Closed 
(n=45) 

p-
value 

Infection 18 (11.5%) 3 (6.7%) 0.32 

Non-union 7 (4.5%) 7 (15.6%) 0.01* 

Malocclusion 12 (7.6%) 10 (22.2%) 0.005* 

Facial 
Asymmetry 

10 (6.4%) 9 (20.0%) 0.004* 

*Statistically significant (p < 0.05) 

Healing time was significantly shorter in the 
ORIF group (5.4 ± 1.1 weeks) than in the 

closed group (6.7 ± 1.4 weeks). Return to 
normal mastication occurred more frequently 
after ORIF (81.5% vs. 62.2%). Revision surgery 
was required in 2.5% of ORIF cases versus 
11.1% of closed cases. After adjusting for age, 
sex, fracture location, comminution severity, 
soft-tissue contamination, smoking status, 
and time to treatment, treatment modality 
remained an independent predictor of several 
outcomes. 
After adjustment for age, sex, fracture 
location, comminution severity, soft-tissue 
contamination, smoking status, and time to 
treatment, closed treatment remained 
independently associated with significantly 
higher odds of non-union (adjusted OR (aOR) 
= 3.82, 95% CI: 1.45–10.11; p = 0.006), 
malocclusion (aOR = 2.94, 95% CI: 1.26–6.84; p 
= 0.01), and facial asymmetry (aOR = 2.78, 95% 
CI: 1.14–6.80; p = 0.02). In contrast, treatment 
modality was not significantly associated with 
postoperative infection (aOR = 0.64, 95% CI: 
0.17–2.26; p = 0.48). Multivariable logistic 
regression results are presented in Table 4

 
Table 4. Multivariable Logistic Regression for Predictors of Outcomes 

Outcome Predictor (Closed vs ORIF) Adjusted OR (aOR) 95% CI p-value 

Non-union Treatment group 3.82 1.45–10.11 0.006* 

Malocclusion Treatment group 2.94 1.26–6.84 0.01* 

Facial Asymmetry Treatment group 2.78 1.14–6.80 0.02* 

Infection Treatment group 0.64 0.17–2.26 0.48 

*Statistically significant (p < 0.05). 
 

Discussion 

This retrospective comparative cohort study 
demonstrated that ORIF provided superior 
clinical outcomes compared with closed 
treatment in patients with firearm-related 
mandibular fractures. Patients treated with 
ORIF had significantly lower rates of non-
union, malocclusion, and facial asymmetry, 
together with faster healing, earlier return to 
normal mastication, and fewer revision 

surgeries. Postoperative infection rates were 
similar between the two groups, and 
multivariable analysis confirmed closed 
treatment as an independent predictor of poor 
functional and anatomical outcomes. These 
findings support ORIF as the preferred 
treatment for appropriately selected patients 
with ballistic mandibular fractures. 
Firearm-related mandibular fractures differ 
from blunt trauma because ballistic injuries 
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produce extensive comminution, bone loss, 
soft-tissue devitalization, and wound 
contamination, making fracture stabilization 
more challenging. Contemporary literature 
emphasizes that management should be 
individualized according to injury severity, 
combining thorough debridement, infection 
control, and stable fixation. Recent studies and 
the FLOSS severity scoring system similarly 
advocate treatment based on the extent of 
tissue injury rather than fracture location 
alone (10,11,12). 
Despite greater surgical exposure, ORIF was 
not associated with a significantly higher 
postoperative infection rate. This finding 
suggests that meticulous debridement, 
appropriate antibiotics, careful soft-tissue 
management, and rigid fixation can 
effectively minimize infection risk. These 
results are consistent with recent systematic 
reviews and meta-analyses reporting 
comparable infection rates between ORIF and 
closed treatment when modern surgical 
principles are followed (13,14,15). The slightly 
higher numerical infection rate in the ORIF 
group likely reflects greater injury severity 
rather than the fixation method itself. 
ORIF significantly reduced non-union 
compared with closed treatment. Stable 
anatomical reduction provided by rigid 
internal fixation promotes fracture healing by 
restoring mandibular continuity and 
minimizing inter fragmentary movement, 
particularly in comminuted ballistic injuries. 
Similar findings have been reported in recent 
systematic reviews and meta-analyses, which 
consistently identify ORIF as the most reliable 
approach for achieving fracture union in 
firearm-related mandibular trauma (6,13,17). 
Patients managed with ORIF also experienced 
significantly lower rates of malocclusion and 
facial asymmetry. Direct visualization of 
fracture fragments allows accurate restoration 

of occlusion and mandibular contour, 
resulting in improved function and aesthetics. 
These findings agree with previous 
randomized trials and systematic reviews 
demonstrating superior occlusal stability, 
mandibular function, and facial symmetry 
following ORIF compared with conservative 
treatment (7,15,18,19). Although some of these 
studies evaluated condylar fractures, the 
biomechanical advantages of stable fixation 
are equally relevant to ballistic mandibular 
injuries. 
The present study has several limitations. Its 
retrospective single-center design introduces 
the possibility of selection bias, and treatment 
allocation was influenced by fracture severity 
and surgeon preference. Detailed information 
regarding firearm characteristics, degree of 
comminution, and long-term patient-reported 
outcomes was not consistently available. 
Nevertheless, the relatively large cohort and 
adjustment for important confounding 
variables strengthen the validity of the 
findings. 
In conclusion, ORIF provided superior 
functional and anatomical outcomes without 
increasing postoperative infection in patients 
with firearm-related mandibular fractures. 
These findings support ORIF as the preferred 
management strategy for displaced or 
comminuted ballistic mandibular injuries 
when soft-tissue conditions permit. 
Prospective multicenter studies with 
standardized injury severity classification and 
longer follow-up are warranted to further 
refine treatment recommendations. 
 

Limitations 
Our study has certain limitations such as 
being a retrospective study, which has a 
natural selection bias, and being a single-
center study, which makes it less 
generalizable. Further prospective and 
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multicenter studies are required to improve 
the management algorithms in mandibular 
trauma. 
 

Future Recommendations 
Future prospective multicenter studies with 
larger sample sizes are needed to validate the 
findings of the present study and improve 
their generalizability. Further research should 
evaluate long-term functional outcomes, 
patient-reported quality of life, masticatory 
efficiency, and aesthetic satisfaction following 
open reduction and internal fixation (ORIF) 
and closed treatment of firearm-related 
mandibular fractures.  
 

Conclusion 

Our study shows that open reduction and 
internal fixation (ORIF) has better structural 
and functional results than closed 
management in firearm-related mandibular 
fractures. Our results underscore the 
limitations of closed management in the 
treatment of high-energy ballistic injuries, in 
which comminution, displacement, and soft 
tissue injury often result in instability and 
poor reduction. Based on our results, ORIF 
can be considered the treatment of choice in 
firearm-induced mandibular fractures. 
Conflict of Interest: Nil 
Source of Funding: Nil 
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