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First Intervention in Firearm Injuries and Management 
of Compliations

Ateşli Silah Yaralanmalarında İlk Müdahale ve Komplikasyonların Yönetimi

Aim: Soft tissue, neurovascular injuries and bone fractures are seen 
in the extremity as a result of firearm injuries. The fact that these 
injuries are violent and that forensic incidents are more frequent, 
especially in young people, make treatment more difficult. Our aim 
in this study is to evaluate the effects of a stepwise approach to 
neurovascular, soft tissue injuries and bone fractures on the final 
treatment results in firearm-related musculoskeletal injuries.
Material and Method: This study retrospectively evaluated 
patients over the age of 18 who had firearm-related extremity 
injuries and received surgical treatment between 2015 and 
2020.Demographic characteristics of the patients, injury sites, 
accompanying neurovascular injuries, patients who received 
first aid, final treatment results, developing complications and 
management of the complications were evaluated.
Results: The mean age of 54 patients (52 males, 2 females) in the 
study was 28.3 (age range 19-61) years. Twenty-nine (53.7%) lower 
extremity, 20 (37.1%) upper extremity, and 5 (9.2%) both lower 
and upper extremity injuries were detected. Vascular injury was 
detected in 3 (5.5%) patients, amputation in 3 (5.5%) and nerve 
injury in 6 (11.1%) patients. Five  (9.2%) of 6 patients, underwent 
fasciotomy in the early period because the development of  
compartment syndrome was highly anticipated. In one of the 
patients, fasciotomy was performed due to the development of the 
compartment syndrome during the follow-up. The most common 
complication we encountered was loss of joint range of motion in 
7 (12.9%) patients.
Conclusion: Switching to definitive treatment after antibiotherapy, 
bone fixation and serial debridements in the early period with a 
multidisciplinary and damage-controlled approach to firearm 
injuries positively affects the success of treatment. In addition, 
necessary consents should be obtained to minimize medico-legal 
problems. 

Keywords: Firearm injuries, neurovascular injury, fasciotomy, 
complications

ÖzAbstract

 Abbas Tokyay, Sezai Özkan, Necip Güven, Ulan İsmailov, Aytekin Dikici

Amaç: Ateşli silah yaralanmaları sonucu ekstremitede yumuşak 

doku, nörovasküler yaralanmalar ve kemik kırıkları görülmektedir. 

Bu yaralanmaların şiddete yönelik olması ve adli olayların gençlerde 

daha sık görülmesi tedaviyi daha da zorlaştırmaktadır. Bu çalışmadaki 

amacımız, ateşli silahlarla ilişkili ekstremite yaralanmalarında 

nörovasküler, yumuşak doku yaralanmaları ve kemik kırıklarına aşamalı 

bir yaklaşımın nihai tedavi sonuçlarına etkisini değerlendirmektir.

Gereç ve Yöntem: Bu çalışmada 2015-2020 yılları arasında ateşli silahla 

ilişkili ekstremite yaralanması olan ve cerrahi tedavi uygulanan 18 yaş 

üstü hastalar retrospektif olarak değerlendirildi. Hastaların demografik 

özellikleri, yaralanma bölgeleri, eşlik eden nörovasküler yaralanmalar, 

ilk müdalede yapılanlar, son tedavi sonuçları, gelişen komplikasyonlar 

ve komplikasyonların yönetimi değerlendirildi.

Bulgular: Çalışmaya katılan 54 hastanın (52 erkek, 2 kadın) yaş 

ortalaması 28,3 (yaş aralığı 19-61) idi. Yirmi dokuz (%53,7)’si alt 

ekstremite, 20 (%37,1)’si üst ekstremite ve 5 (%9,2)’i hem alt hem 

üst ekstremite yaralanması tespit edildi. Üç (%5,5) hastada damar 

yaralanması, 3 (%5,5) hastada amputasyon ve 6 (%11,1) hastada 

sinir yaralanması tespit edildi. Altı hastanın beşine (%9,2) fasyotomi 

uygulandı. En sık karşılaşılan komplikasyon olarak 7 (%12,9) hastada 

eklem hareket açıklığı kaybıydı.

Sonuç: Ateşli silah yaralanmalarında multidisipliner ve hasar kontrollü 

bir yaklaşımla erken dönemde antibiyoterapi, kemik tespiti ve seri 

debridmanlar sonrası nihai tedaviye geçilmesi tedavi başarısını olumlu 

yönde etkilemektedir.

Anahtar Kelimeler: Ateşli silah yaralanmaları, nörovasküler yaralanma, 
fasiatomi, komplikasyonlar
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INTRODUCTION
Recently, firearm injuries are among the most common causes 
of admission to emergency departments.[1] The type of firearm, 
the firing distance, the entry and exit points of the bullet, the 
characteristics of the injured area and tissues determine the 
treatment approach.[2,3] Successful results can be obtained 
with a multidisciplinary approach in the treatment of such 
complex injuries that affect many systems in the body. In the 
emergency room, basic life support is provided to the patients 
with firearm wounds as the first aid and then the intervention 
by the relevant branch is performed. Extremity wounds are 
common in firearm injuries.[4] Many complications such as soft 
tissue injuries, neurovascular injuries and bone fractures are 
seen in the extremity.Firearm injuries to the extremities more 
frequently occur in young people and medico-legal problems 
arise because they are forensic events.[5]  
Management of the approach to these patients begins with 
the first medical and/or surgical intervention and continues 
until the end of the final treatment. With a multidisciplinary 
and stepwise treatment approach, first of all, control of the 
bleeding, and infection and then planning bone and soft 
tissue reconstruction reduce the morbidity rates.[5] Inter-
institutional cooperation is needed to minimize complications 
and to prevent emerging possible medico-legal problems in 
such injuries.
Our aim in this study is to evaluate the effects of the approach 
to neurovascular structures, soft tissue debridements, 
prophylactic antibiotics and temporary and permanent 
fixation in bone fractures on the final treatment results as a 
first line treatment in the firearm-related extremity injuries.

MATERIAL AND METHOD 
In this study, patients over the age of 18 who underwent surgical 
treatment and follow-up due to firearm -related extremity 
injuries between 2015 and 2020 were evaluated. This study, 
which was planned as a retrospective cohort study, included 
patients registered in the archives of our hospital due to a 
firearm injury, emergency physicians requested a consultation 
from the Orthopedics and Traumatology department and 
surgery was planned. Demographic characteristics of the 
patients, injured extremity, accompanying neurovascular 
injuries, orthopedic interventions from the first admission to 
the end of treatment and complications were evaluated. 
After the first intervention in extremity injuries, radiographs, 
computed tomography (CT) and angiography are performed 
according to the general condition of the patient and the type 
of trauma (Figure 1,2).
All patients with extremity fractures as a result of gunshot 
wounds were evaluated according to the Gustilo and Anderson 
classification and the same protocols were applied.[6] The patients 
were priorly assessed with damage control approach specific to 
the type of trauma that occurred. Superficial tissue wounds were 
cleansed and debrided in the emergency room after bleeding 
control was achieved with a stepwise treatment approach. 

Figure 1. Radiography and CT of a patient with upper extremity injury

Figure 2. Radiography and Angiography of a patient with lower extremity 
injury
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The entry and exit points of the bullet were closed with sterile 
dressing, then antibiotherapy and tetanus prophylaxis were 
administered. After hemodynamic stabilization was achieved 
in all patients at the first admission, antibiotics were started 
and continued for the first 48-72 hours. Depending on the 
condition of the wound, first-generation cephalosporin and 
aminoglycoside as a dual antibiotic, or metronidazole as a third 
antibiotic were added to the antibiotherapy of the patients 
with contaminated wounds. Patients with deep muscle and 
bone injuries were operated on and more detailed irrigation 
and debridement were performed.
Neurovascular and soft tissue injuries requiring reconstruction 
were evaluated in more detail in the operating room. While 
vascular injuries and total or near-total nerve cuts were 
primarily repaired, patients with neurological findings but 
nerve integrity, and contuinity were not intervened. Before 
and after all these procedures, the relevant forensic minutes 
and consent forms were obtained from the patient, if the 
patient was conscious, if not fromthe patient's relatives.

Statistics 
Descriptive statistics for emphasized continuous variables 
were expressed as mean, and standard deviation, while 
for categorical variables it is expressed as numbers and 
percentages. SPSS (ver: 21 ) statistical package program was 
used for the calculations. 

RESULTS  
The mean age of 54 patients (52 males, 2 females) included 
in the study was 28.3 (age range 19-61) years. Twenty-nine  
(53.7%) lower extremity, 20 (37.1%) upper extremity, and 5 
(9.2%) both lower and upper extremity injuries were detected. 
Demographic data of our patients are given in Table 1.

Vascular injury was present in 3 (5.5%) patients (Popliteal 
artery in two, and radial artery in one patient) and vascular 
reconstruction was performed by a vascular surgeon, and no 
complications developed. Temporary fixation was performed 
with external fixator in 11 of 17 patients with bone fractures, 
while osteosynthesis was performed with intramedullary 
nailing as definitive treatment in 4 patients and with plate-screw 
in 2 patients. Three of these  patients underwent amputation. 
Forearm -elbow amputation was performed in one, and 
below-knee amputation was performed in two patients. MESS 
(Mangled Extremity Severity Score) criteria were used when 
making the decision of amputation.[7,8]  Neurological findings 
due to nerve injury were detected in 6 (11.1%) patients.

Primary nerve repair was performed when a total transection 
of the nerves was detected in two patients (one median and 
one ulnar nerve) during the operation. Four of our patients 
had preoperative signs of neurologic injury (wrist drop due 
to radial nerve damage in three patients and foot dropdue to 
peroneal nerve damage in one patient) and nerve exploration 
was not performed for these patients and they were followed 
up. Nerve regeneration was achieved in two of three patients 
with radial nerve damage within six months, and tendon 
transfer was performed in one patient one year later, when 
symptoms of wrist drop persisted. In the patient with peroneal 
nerve injury, tendon transfer was carried out for the ankle 
when there was no recovery within one year.Serial soft tissue 
debridements were performed three times in three patients 
with large tissue defects at the injury site and twice in two 
patients before soft tissue reconstruction. Complications seen 
in the patients are given in Table 2.     

Since the likelihood of the compartment syndrome was 
high in five patients, fasciotomy was performed in the early 
period. In one of our patients, fasciotomy was performed due 
to the development of compartment syndrome during the 
follow-up. The surgical wounds of two of the patients who 
underwent fasciotomy were closed primarily, while the other 
two required skin grafts. Non-union developed in 3 (5.5%) of 
the patients. In our patient with non-union humerus fracture, 
osteosynthesis was performed with iliac wing graft and plate-
screw, while intramedullary fixation was performed on two 
tibial non-unions using thicker nails.
One of the complications most frequently encountered by us 
was loss of range of motion. Limitation of joint movement was 
detected in 7 (12.9%) patients. Patients showing resistance 
to manipulations were manipulated under anesthesia and 
functional range of motion was achieved after physical 
therapy applications. However, severe limitation of motion at 
the elbow persisted in one patient.

DISCUSSION 
Incidence rates of firearm injuries are increasing worldwide.[4,9] 
They occur especially in men under the age of 40 and extremity 
injuries are common.[4,10,11] Similar to the literature, it was 
mostly seen in young men in our study. In our center, most of 
the patients with gunshot wounds were treated with stepwise 

Table 1. Demographic data of the patients
Male Female Total

Number of patients 52 2 54
Mean age 28.1 33.5 28.3
Lower extremity 29 0 29
Upper extremity 18 2 20
Lower and upper extremities 5 0 5

Table 2. Complications due to firearm injuries
Lower extremity Upper extremity

Compartment syndrome 4 2
Vascular injury Popliteal artery (2) Radial artery

Nerve injuries 1 (Peroneal) 5 (3 Radial, 1 Ulnar, 1 
Median)

Amputation 2 (Below-knee 
amputation)

1 (At the level of 
wrist)

Non-union 2 1
Loss of range of joint 
movement 3 4
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treatment protocols. As a stepwise treatment approach, 
after damage control, the wound is closed after superficial 
debridement and washing as the first intervention in the 
emergency room, and antibiotics and tetanus prophylaxis are 
given.
More detailed debridement and permanent or temporary 
bone fixation are performed in the operating room. In patients 
followed up in the service after the first intervention, treatment 
is planned depending on the severity of the trauma and the 
response of the patient. The use and duration of antibiotics in 
gunshot wounds is widely discussed in the literature.[9,11,12] It is 
mostly accepted as type 3 according to the Gustilo-Anderson 
classification and antibiotics are recommended.[6] However, 
there is no consensus in the literature regarding the duration 
of antibiotic use, and there are studies recommending it 
to be used between 48-120 hours.[13] Antibiotics were used 
in all patients for the first three days. Depending on the 
condition of the wound, first-generation cephalosporin and 
aminoglycoside as a dual antibiotic, or metronidazole as 
a third antibiotic were added to the antibiotherapy of the 
patients with contaminated wounds. 
Debridement and temporary external fixation or permanent 
internal fixation are recommended for these injuries.
[3,4,8,14,15] However, discussions on fixation type continue in 
the literature. In some studies, external fixation has been 
recommended in high-energy traumas and internal fixation in 
low-energy traumas.[9,12] In another study, internal fixation was 
recommended after stabilization of general condition and 
hemodynamic parameters of the patients was achieved.[11]  
In the studies performed, it was determined that the living 
tissues in the wound area became devitalized in the follow-
ups after the first debridements. It was found that removing 
the dead tissues by performing serial debridements on 
devitalized tissues significantly reduced the infection.
[11,13,14,19] In our patients, both internal and external 
fixation were applied according to the general condition, 
hemodynamics, type of injury in the extremity and the 
general condition of the patient. Permanent fixation was 
performed after adequate debridement in patients with 
adequate soft tissue coverage. Temporary external fixation 
was applied to our patients without adequate coverage 
of soft tissue or who needed more than one debridement. 
Plate-screw osteosynthesis was performed as internal fixation 
in two patients with intra-articular fractures with suitable soft 
tissue components. In the literature, slow healing of fractures 
due to firearm injuries is seen at rates between 5% and 8%.[15] 
Non-union developed at a similar rate in our cases. Successful 
results were obtained after the second surgical intervention 
was performed in our patients who developed non-union.
The most common complication in patients was joint stiffness 
and related limitation of joint range of motion. In the formation 
of this situation, the main reason was the injury near the joint 
or the formation of intra-articular comminuted fractures. 
In addition, it was observed that the physical therapy and 
rehabilitation program of the patients was not followed very 

well in the postoperative follow-ups in our region. All patients 
with joint stiffness were manipulated under anesthesia, but 
open surgery was not performed. It is thought that this may 
play a role in the limitation ofjoint range of movement.
A rate of 3-10% is given regarding the development of 
compartment syndrome after a firearm injury.[20] In most of our 
cases, fasciotomy was performed previously in patients with 
anticipated compartment syndrome. In this type of injuries, 
fasciotomy is recommended in patients with suspected 
compartment syndrome due to impaired circulation in the 
extremities and late effects of gunshot injury.[20] In our study, 
no serious complication was encountered after this treatment 
approach to compartment syndrome.
Since neurovascular and bone structures are close to each other, 
injury to any component increases the risk of injury to the other 
component.[12] In order to accelerate the treatment in such 
critical injuries, when vascular injury is suspected,angiography 
and/or surgical exploration is recommended in the absence 
of palpable pulse, but in the presence of signs of ischemia, 
excessive bleeding or an enlarging hematoma.[21,22] Vascular 
injuries are repaired in the early period, but surgical approach 
is not recommended for nerve injuries. Since most of the 
nerve injuries are detected as neuropraxia and axonotmesis, 
in the literature their spontaneous recovery is reported to be 
high within 3-9 months.[22,23]  
Vascular reconstruction was performed in two popliteal and 
one radial artery injury in our patients. Spontaneous relapses 
occurred in most of our cases with neurological injuries. 
However, in two of our patients, the neurologic injuries did 
not heal, and the related tendon transfers were performed at 
the end of the first year. Our most serious complication was 
amputations in three of our patients. The decision of these 
amputations was made on the basis of the Mess score scoring 
criteria.[7,8] The patients were consulted to the psychiatry, 
physical therapy and rehabilitation and orthotics-prosthesis 
departments with a multidisciplinary approach for the 
problems they would experience due to loss of an extremity 
before amputation.

CONCLUSION
In summary, although there is no consensus in the literature 
on debridement in gunshot wounds, bone fixation technique, 
antibiotic prophylaxis, and approach to neurovascular 
injuries in firearm injuries, the most common opinion dictates 
bleeding control with a multidisciplinary approach after 
damage detection, serial debridements, antibiotherapy, bone 
stabilization, appropriate approach to neurovascular injury, 
intensive rehabilitation and appropriate follow-up.
Individualized treatment planning with a multidisciplinary, 
damage-controlled and stepwise treatment approach will 
increase success in traumas due to gunshot wounds. In 
addition, we believe that in this period, the medico-legal 
problems that may occur will be minimized by informing the 
patients in detail and taking the records regularly.
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Limitation
There are several limitations in our study. It is retrospective, 
the number of patients is small, and the type and distance of 
the firearm is not known.
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