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a b s t r a c t 

Objective: In this study, we aimed to describe the relationship between the localization of rarely seen 

upper extremity war injuries and their complications in the subacute period, and define our preferences 

for surgery and antibiotic use. 

Methods: Patients with an upper extremity war injury who presented to our institution between 2015 

and 2018 were retrospectively evaluated. Data regarding demographics, time between injury and presen- 

tation, location of injury, type of damage, complications, treatment methods, infection rates and antibi- 

otic use were recorded. Tissue defects, fracture fixation, neurovascular damage, infection development 

and treatment approaches were analyzed. 

Results: Sixty-two male patients with isolated upper extremity injuries (mean age: 31.66 ± 8.28 years) 

were included in the study. The average time between trauma and hospitalization was 14 days. The mean 

hematocrit (Hct) level at presentation was 36.3 ± 6.8%. Patients had been followed up for an average pe- 

riod of 95.6 ± 32.1 days. Twenty-nine patients (46.8%) had nerve injury, eight (12.9%) had arterial injury 

that required repair, and 23 had infection (37.1%), of which five developed osteomyelitis. Infection was 

polymicrobial in nine cases and monobacterial in 14. A positive correlation was found between the pres- 

ence of fracture and nerve injury ( p = 0.013). The frequency of nerve injuries due to gunshot wounds 

was higher in the mid-section and lower part of the arms and in the proximal forearm when com- 

pared to other regions ( p = 0.011). The infection rates were significantly higher in patients with fractures 

( p = 0.033). The mean hematocrit (Hct) level at presentation of the patients with infection (32.1 ± 6.3%) 

was significantly lower than that of those who did not have infection (38.8 ± 5.9%) ( p < 0.001). 

Conclusion: Upper extremity war injuries require case-specific solutions. Microbiological samples should 

be taken prior to empirical antibiotic treatment for infection management and rational antibiotic use 

principles should be applied according to the culture and antibiogram results. The holistic and ambiguous 

character of nerve injuries often requires early exploration and combined reconstructive interventions. 

Arterial injuries can be overlooked by physical examination alone and thus routine angiography should 

be performed. Completion of the bone and soft tissue reconstructions in the same session using a holistic 

approach minimizes the possible risks. 

© 2020 Elsevier Ltd. All rights reserved. 
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Gunshot wounds (GSWs) are an important cause of morbidity

nd result in serious socioeconomic problems [1,2] . High-energy

njuries (HEIs) are caused by heavier weapons (military rifles) in
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war areas and create tissue damage over a large area with shock

waves and cavitation mechanisms [3–5] . The wound is often con-

taminated with foreign materials such as fabric, soil, stones, bullets

and shrapnel [6,7] . 

Studies on upper extremity GSWs are very few in the literature

[8] . These injuries are complex due to their proximity to neurovas-

cular structures and the concurrent involvement of tissue types

with different functionalities (tendon, bone or nerve) require com-

plex and meticulously planned treatments [5,9] . A consensus is still

unavailable on the gold standard of antibiotic use and debridement

policies for HEIs [10] . 

The first intervention to upper extremity war injuries is usually

performed in peripheral hospitals under suboptimal conditions.

The objective of the initial stages is to perform wound care by pro-

viding hemodynamics and immobilization of the fracture. Cases are

often transferred to advanced centers for complicated wound man-

agement, definitive fracture treatment and advanced neurovascular

interventions. The approach to these cases in the subacute period

is problematic and open to complications [7] . 

In this study, we aimed to describe the relationship between

the localization of rarely seen upper extremity war injuries and

their complications in the subacute period, and define our pref-

erences for surgery and antibiotic use. 

Patients and methods 

Our study was approved by our institution’s ethics committee

(date: May 11, 2020 and no: 2020/04-05). Adult cases (average age:

31.66 ± 8.28 years, range: 20 to 50 years) admitted to our center

due to a war injury between 2015 and 2018 were retrospectively

evaluated. Patients with isolated upper extremity injuries were in-

cluded in the study. Cases with GSWs in different parts of the

body were excluded due to possible complications and the neces-

sity of changing antibiotic regimens. Included patients underwent

their first interventions after injury in neighboring countries and

were transferred to our hospital for a secondary intervention af-

ter stabilization. Data regarding demographics, time between in-

jury and presentation, location of injury, type of damage, compli-

cations, treatment methods, infection rates and antibiotic use were

recorded. 

Due to the complex nature of the injury pattern, all cases were

evaluated by a team of trauma surgeons, reconstructive surgeons

and infectious diseases specialists, and we tried to produce case-

specific solutions using a holistic approach. 

For the purpose of this study, the upper extremity was defined

as the area from the humeral head to the tip of the finger. The arm

and the forearm were divided into three equal parts and defined as

proximal, middle and distal locations. 

Injuries were addressed under three different headings; soft

tissue injuries, fractures and amputation. Soft tissue injuries con-

sisted of superficial lacerations, contusions, hematoma formations

and tissue defects ( Fig. 1 ). General evaluation and circulatory and

nerve examinations of the extremity were performed. During the

first dressing, the wound was washed with saline under poly-

clinic conditions, superficial debridement was performed under lo-

cal anesthesia and a sample was taken for culture. The patient was

taken into surgery in the shortest time possible and necrotic soft

tissue, bone particles and foreign material were removed while

preserving tendons, nerves and arterial structures. All foreign ma-

terials, specifically in shrapnel and shotgun injuries, could not be

removed in all cases. Extirpation was performed under fluoroscopy

for less severe soft tissue damage. 

On the first day, hemogram C-reactive protein (CRP) and routine

biochemistry tests were conducted. Anti-staphylococcal antibiotic

treatment for skin flora bacteria was initiated in all cases. For sim-

ple injuries, only 1 g of cefazolin sodium was given 3 times a day,
hereas in severe injuries with tissue defects, fractures or vascu-

ar nerve damage or with peripheral signs of contamination, 1 g of

efazolin sodium, 160 mg of gentamycin and 500 mg of ornidazole

ere given 3 times a day, once a day and 2 times a day, respec-

ively, for antibiotherapy. The wound was closed with wet dressing.

atients were kept under close supervision for findings of infection.

lood transfusion was performed when necessary. Liver and kidney

unctions were checked on a weekly basis. 

Considering the possible presence of polymicrobial infection ac-

ompanied by microorganisms due to peripheral contamination

ther than skin flora bacteria, microbiological cultures including

erioperative pus, sinus tract material and soft tissue and wound

ultures were taken from the patients who showed symptoms of

nfection. Aerobic and anaerobic blood cultures were also taken

or bacteremia and sepsis, especially from patients with fever. An-

ibiotherapy was rearranged according to the antibiotic suscepti-

ility test results of microorganisms producing as a result of cul-

ure. Debridements were repeated until a healthy wound bed was

btained. Vacuum-assisted wound closure was performed in cases

ith large, exudative wounds, or wounds that required multiple

ebridement, whereas flap surgery was performed in wounds that

ould not be closed primarily. Depending on the size of the defect,

he vitality of the soft tissue adjacent to the injury, and the pres-

nce of a broken bone exposure, defects were covered with local

asciocutaneous flaps, free flaps or muscle flaps. 

In nerve injuries, neurolysis, primary nerve repair, nerve graft

pplication, nerve and tendon transfers were performed after rou-

ine early period exploration, depending on whether the nerve in-

egrity was preserved, the presence of nerve defects and the level

f injury. Computed tomography angiography was performed for

oth the detection of vascular damage and the cases that would

equire a flap afterwards even in the event that distal pulses were

resent. Vascular injuries were repaired with primary or vascular

rafting. 

Systemic fever was considered to indicate infection in the pres-

nce of signs of inflammation, such as an increase in acute phase

eactants and/or redness in the injury site or purulent discharge.

atients were examined for soft tissue infection, abscess, presence

f osteomyelitis, concomitant bacteremia and possible sepsis. 

In the majority of the cases, a plaster splint, an external fixa-

or or temporary osteosynthesis using intramedullary K-wires were

pplied in another center prior to admission to our center ( Fig. 2 ).

ollowing clinical evaluation, re-osteosynthesis was performed in

atients with displaced or shortened fractures, double fractures

f the forearm, neurovascular injuries, and in cases where os-

eosynthesis was believed to be not rigid. In infected cases, per-

anent osteosynthesis was performed at least 20 days after re-

eated debridements when no signs of infection were found in

he clinical and laboratory parameters. In cases with an external

xator and where primary fixation materials were removed after

ebridements, permanent osteosynthesis was performed using in-

ramedullary nails, plates and screws, screws or K-wires after a one

eek waiting period ( Fig. 3 ). 

When planning the postoperative treatment regimen, the revas-

ularization of the bone, presence of residual infected bone or soft

issue, need for debridement and revision surgery and the type

nd virulence of the microorganism in the culture taken in the

erioperative culture and its antibiotic susceptibility pattern were

aken into consideration. Parenteral antibiotics with high penetra-

ion rates into the bone were preferred. 

Data obtained during the retrospective evaluation were used in

tatistical analyzes conducted using SPSS v.17.0 software. Histogram

raphics and the Kolmogorov-Smirnov test were used to determine

hether the variables showed normal distribution. While present-

ng descriptive analyzes, mean, standard deviation, and median

alues were used. Categorical variables were compared using
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Fig. 1. (a) Segmental defective injury at the forearm level. (b) Segmental defective injury of the elbow and forearm. (c) Segmental fracture of the proximal humerus and 

entry point of the bullet. (d) Segmental bone fracture and appearance of the shrapnel fragment in the bone. (e) Gunshot wound in the axillary region. 

Fig. 2. Gunshot wound cases treated with splints and external fixators. 
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imal fracture. 
he Pearson’s chi-square test. When variables that were not nor-

ally distributed (nonparametric) were evaluated using the Mann-

hitney U test. p values below 0.05 were considered statistically

ignificant. 

esults 

Sixty-two patients with isolated war injuries of the upper ex-

remity who were admitted to our hospital in the subacute pe-

iod were included in the study. All of the cases were male and

pproximately 80% were between the ages of 20 and 40 years.

he average time between trauma and hospitalization was 14 days

range: 2 to 90 days). Fifty-one cases (82.3%) applied to our clinic

hree days or longer after injury. At presentation, the mean hema-

ocrit level was 36.3 ± 6.8%, the average duration of antibiotic use
as 8.6 ± 14.3 days and the average number of broken bones was

.8 ± 0.6. According to the type of injury, 71% of the cases had

ractures, 24% had soft tissue injuries and 5% had finger amputa-

ions. The mean follow-up time was 95.6 ± 32.1 days (range: 33 to

80 days). 

There were a total of 52 fractures in 44 cases; eight cases

ad double fractures of the forearm (proximal in five cases, mid-

le diaphysis in three cases), eight had fractures of the lower end

f the humerus, five had humeral diaphyseal fractures, four had

istal radius fractures, four had ulnar diaphyseal fractures, four

ad metacarpal fractures, three had fractures of the proximal ulna,

hree had radial diaphyseal fractures, two had distal fractures, two

ad phalangeal fractures and one case had an isolated radial prox-
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Fig. 3. (a) Wide soft tissue defect around the elbow. Wound dressing with fasciocutaneous flap after debridement. (b) Minimally invasive osteosynthesis performed using 

K-wires following the removal of the external fixator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 

The relationship between nervous and vascular damage and 

the presence of fracture. 

Fracture p ∗

Absent Present 

n % n % 

Nerve Absent 14 42.4 19 57.6 0.013 

Present 4 13.8 25 86.2 

Vascular Absent 17 31.5 37 68.5 0.269 

Present 1 12.5 7 87.5 

∗ Chi-square testSignificant p values are written in bold. 
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While three fractures (6.8% of the cases) were followed con-

servatively with plaster or splints, 25 fractures (56.8% of the

cases) were treated with plates and screws, eight (18.2% of the

cases) with K-wires, two (4.5% of the cases) with external fixa-

tors, two (4.5% of the cases) with intramedullary nails, two seg-

mental defective wrist fractures (4.5% of the cases) with arthrode-

sis plate, one (2.3% of the cases) with the Zuggurtung (tension-

band wiring) technique and one (2.3% of the cases) with headless

cannulated screw. Ballistic extirpation was performed in 28 cases

(45.2%). 

Nerve injuries were detected in 29 cases (46.8%). The most fre-

quently injured nerve was the ulnar nerve ( n = 12) followed by

the radial nerve ( n = 11). The median nerve was damaged in four

and brachial plexus in two. Although six patients had motor and

sensory deficits, nerve continuity was detected and neurolysis was

performed. The remaining patients had disrupted nerve continuity.

Repair was performed with primary or nerve graft. 

In five cases with high-level radial nerve lesions, after nerve

grafting, two patients underwent primary tendon transfer from the

pronator teres muscle to the extensor carpi radialis brevis (ECRB)

muscle for internal splinting, while three patients underwent sec-

ondary tendon transfer due to wound problems. The transfer of the

branch of the radial nerve to the ECRB muscle to the anterior in-

terosseous nerve was performed in two patients with anterior in-

terosseous nerve injury due to high-level median nerve injury. The

motor branch of the ulnar nerve to the first web was transferred

to the thenar motor branch in one patient. In two patients with

high-level of ulnar nerve injuries, the branch of the anterior in-

terosseous nerve to the pronator quadratus was transferred to the

motor branch of the ulnar nerve using the end-to-side technique

with the purpose of supercharge. 

Arterial injury presented in the early period (first 10 days) and

required repair in eight cases (12.9%). Three cases had brachial, two

had radial, two had ulnar, and one had axillary artery injuries. All

arterial injuries were repaired primarily or using vascular grafts. 

Infection was detected in 23 cases (37.1%), five of which devel-

oped osteomyelitis. 
t  
Wrist arthrodesis was performed in a patient with severe injury

t the wrist level in addition to tendon transfer due to extensor

endon defect (flexor carpi radialis-extensor indicis proprius, ex-

ensor digitorum communis, extensor digiti minimi and palmaris

ongus - extensor pollicis longus tendon transfer). Two-stage ten-

on transfer was performed using a silicone tendon prosthesis in

wo patients with flexor digitorum profundus injuries. 

In four cases with wide tissue defects (3 to 20 cm 

2 ) local fas-

iocutaneous transposition flaps were used, while free flaps were

sed in two and muscle flaps in two other cases for wound clo-

ure. 

A positive correlation was found between the presence of frac-

ure and nerve injury ( p = 0.013), whereas no correlation was

etected between the presence of fracture and arterial injury

 Table 1 ). 

The frequency of nerve injuries due to GSWs was higher in the

id-section and lower part of the arm and the proximal forearm

ompared to other regions ( p = 0.011). No relationship was de-

ected between vascular injury frequency and injury site ( Table 2 ).

The infection rates were higher in patients with fracture. No

orrelation was found between nerve and artery injury and infec-

ion development ( p = 0.033) ( Table 3 ). 

In patients with infection, the mean Hct value at presenta-

ion (32.1 ± 6.3%) was lower than that in those without infection
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Table 3 

Relationship of fracture, nervous and vascular damage with in- 

fection. 

Infection p 

Absent Present 

n % n % 

Fracture Absent 15 83.3 3 16.7 0.033 ∗

Present 24 54.5 20 45.5 

Nerve Absent 20 60.6 13 39.4 0.689 ∗

Present 19 65.5 10 34.5 

Vascular Absent 34 62.9 20 37.1 0.979 † 

Present 5 62.5 3 37.5 

∗ Chi-square test 
† Fisher’s exact testSignificant p values are written in bold. 

Table 4 

Correlation between vascular injury and nerve injury. 

Vascular p ∗

Absent Present 

n % n % 

Nerve Absent 32 52.8 1 11.1 0.013 

Present 22 47.2 7 88.9 

∗ Fisher’s exact testSignificant p values are written in 

bold. 

Table 5 

Distribution of microorganisms. 

Distribution of microorganisms (n) 

Presence of microbiological reproduction 23 

Polymicrobial 9 

Monobacterial 14 

Type of microorganism 

Gram-negative bacteria 

P. aeruginosa 8 

E. cloacae 7 

E. coli 4 

A. baumannii 4 

P. mirabilis 1 

P. rettgeri 1 

S. marcencens 1 

E. gallinarum 1 

P. stutzeri 1 

P. stuartii 1 

Gram-positive bacteria 

MSSA ∗ 3 

MRSA † 2 

Bacillus spp. 2 

MRCNS 2 

E. faecium 1 

E. faecalis 1 

S. constellatus 1 

MRCNS ‡ 1 

∗ MSSA; methicillin-sensitive S. aureus 
† MRSA: methicillin-resistant S. aureus 
‡ MRCNS: methicillin-resistant coagulase negative 

staphylococci 

(  

a  

h  

g  

P

D

 

d  

p  
38.8 ± 5.9%) ( p < 0.001). A close correlation was found between

rtery injury and nerve injury ( p = 0.013) ( Table 4 ). Nine patients

ad polymicrobial reproduction. The most reproducing microor-

anism family were the Enterobacteriaceae group, followed by the

seudomonas and Staphylococci groups ( Table 5 ). 

iscussion 

To our knowledge there is limited information in the literature

escribing injury patterns, rates of neurovascular injury and early

ostoperative infection in war injuries of the upper extremities in
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the subacute period. Approximately 40% of war injuries affect the

extremities [11] . Upper extremity GSWs is an important source of

morbidity and poses serious difficulties in reconstructive surgeries

[3,12] . Often, surgeons in war conditions have to deal with highly

contaminated wounds and limited resources [13] . Acute cases hold

some differences when compared to subacute cases, such as the

uncertainties during the first interventions to the cases, the pres-

ence of frequently contaminated infected wounds, challenges in

tracking due to the fact that the cases are usually treated in other

centers and its effects on surgical indications. 

After a GSW, debridement of the wound with low pressure and

surgical scrub is recommended. Preservation of the healthy tis-

sues and avoidance of excessive debridement during the first de-

bridement and between the 24 th and 48 th hours of evaluation of

the borderline tissues for necrosis are recommended [14,15] . In an

GSW, the wound should be carefully examined as it may be wider

than it appears [3] . It has been reported that wounds in both the

subacute and acute periods can be transformed into clean wounds

through multiple debridements [16,17] . Negative pressure wound

dressing systems prior to permanent wound closure provide clo-

sure and drainage, increase the blood flow, reduce tissue edema

and reduces the wound size by stimulating the formation of granu-

lation tissue [18,19] . Due to possible complications, primary wound

closure should be avoided in HEIs, no matter how clean the wound

is or how early the patient presented [20] . The wound may be left

to heal primarily or may be closed secondarily in the first week. If

the defect is large, it is recommended that additional procedures

for closure should not be delayed in order to prevent colonization

in the wound [21] . In HEIs, primary severe soft tissue losses or

losses secondary to debridement increase the need for vascularized

flaps [22] . If covering the bone in an open fracture is problematic,

using muscle flaps instead of skin flaps in covering is more appro-

priate. Doing so contributes to the blood supply to the bone, thus

the fracture unites better and the cavitary defects in the soft tis-

sue are filled. Moreover, the bacterial resistance of muscle flaps is

higher than fasciocutaneous flaps; they also positively affect antibi-

otic penetration into the tissue as they increase the blood supply

to the tissue [23–25] . 

In our study, repeated debridements were performed depend-

ing on the condition of the wound. An average of three (range: 2

to 7) debridements were performed and negative pressure wound

system was used in 11 cases. In four cases with tissue defects in

which the bone was not exposed, closure could be achieved us-

ing local fasciocutaneous transposition flaps in four cases and us-

ing free flaps (anterolateral thigh flap) in two cases. Free flap was

used in one and pedicled latissimus dorsi flap in another case with

bone exposure. 

As the liveliness of the area adjacent to the soft tissue defect

is more affected in war injuries than other types of injuries, this

region should be evaluated carefully before coverage. It should not

be forgotten that a distant free flap may be needed if the extremity

is widely affected [26] . 

Tendon repairs should be done in the early period after infec-

tion control. If there is a primary defect in the tendon or secondary

defect after infection and repeating debridements, grafts from the

palmaris longus, plantaris or tensor fascia lata can be utilized. If

the possibility of adhesion is likely, silicon prostheses can be used

in both extensor and flexor tendon injuries [19] . In our study, flexor

tendon transfer was performed in one case with extensor tendon

loss at the wrist level. In two cases with a deep flexor defect, a

tendon sheath was created using a silicon prosthesis and then re-

construction was performed with a tendon graft. 

If the metal article is located intraarticularly or in the adjacency

of a vein or nerve, ballistic extirpation and through surgery are rec-

ommended as a part of debridement [12,27,28] . In our study, bal-

listic extirpation was added to debridement in approximately half
f the cases. Extirpation of all foreign bodies was not possible as

xtirpation of all parts was difficult to obtain and ran the risk of

ausing soft tissue damage, especially in shrapnel and shotgun in-

uries. During the follow-up period, foreign bodies that became su-

erficial due to regressed edema and swelling or migration, and

ould be felt under the skin by hand were extracted under local

onditions. It should not be forgotten that foreign bodies may be

ometimes hidden in important structures in GSWs with a large

umber of foreign bodies in particular and attempts to remove

ach foreign body may harm the patient. Therefore, attempt should

e made only on those that can be safely removed. Although there

s an effect of the presence of a foreign body on the development

f infection in the early stages of the patients, this effect decreases

n later periods. 

Nerve tissue is very sensitive to GSWs because of its own plas-

icity. Pathologies ranging from neurapraxia to neurometesis can

e seen in such cases [29] . In our study, the ulnar and radial nerves

ere frequently affected ( Fig. 4 ). Mehta et al. detected nerve in-

ury in all high-energy GSW cases ( n = 6) [30] , while we ob-

erved nerve injury in 46.8% of our cases. Engelmann et al. re-

orted a 43.1% nerve injury rate after upper extremity civilian

SWs [31] . However, both studies included fracture cases only. In

ur study, a close relationship was found between nerve injury and

he presence of fractures. Similarly, the proximal forearm, where

he nerve’s course remained close to the bone, was the location

ith the most frequent neurological injuries in our study [30] . 

Although peripheral nerve damage following GSW presents an

ncertain clinical picture, defective damage in which nerve in-

egrity is impaired occurs in war injuries [29,32] . In these injuries,

he need for nerve grafts is high [33] . Irreversible changes may oc-

ur in the muscle motor unit during the course of anticipation of

 spontaneous remission. Siemionow et al. questioned whether re-

air in nerve damage cases should be postponed until six months

fter injury and found that delays are ineffective in cases where

erve integrity is impaired [34] . In an experimental rat model, it

as been reported that the number of Schwann cells decrease in

re-repair delays exceeding three months and that degeneration

evelops in Schwann cells and motor end plate between 18 to 24

onths [35] . Early nerve exploration has some advantages, such

s easy identification of the nerve without developing scar tissue,

chieving decompression by performing neurolysis and allowing

or repair with primary or short grafts since the nerve is not re-

racted [36,37] . Sural nerve graft is the gold standard with the ad-

antage of length it provides in defective nerve injuries [38] . 

Due to possible functional losses, we recommend routine early

erve exploration in GSW fractures of the humerus or the fore-

rm. In cases with no deterioration in nerve integrity, neurolysis

as performed to regress the edema. Primary repair was preferred

f there was disruption in the integrity, soft tissue loosening or ap-

roaching the nerve endings by transposition in case of a defect, or

erve graft if there was still a gap ( Fig. 5 ). In ulnar nerve injuries at

he elbow level, nerve endings were comfortably opposed to each

ther via nerve anterior transposition, and in two cases with par-

ial injury, total excision of the nerve tissue affected by blast ef-

ect and primary neurorrhaphy were performed. In partial nerve

njuries, in cases where damage due to the blast effect is observed

n the section that exhibited continuity and there is a chance to

erform primary neurorrhaphy, removing the damaged part com-

letely and performing primary neurorrhaphy may be preferred. 

In proximal-level nerve injuries of the upper extremity, sensory

unctions returns in the early term after nerve repair with sural

raft. However, since the process of motor return is late and un-

ertain (due to the long reinnervation distance), we added nerve

r tendon transfer to the treatment in these cases. Mathieu et al.

tated that due to the indeterminate and variable healing pat-

ern of nerve injuries of war and their irregular follow-up, nerve
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Fig. 4. (a) Normal appearance of the median nerve of the forearm and neurapraxia of the ulnar nerve. (b) Appearance of the partial damage of the ulnar nerve at the elbow 

level and the defect in the center of the nerve, caused by shrapnel shells. 

Fig. 5. Partial ulnar nerve injury; a view of the primary repair after debridement. 

Fig. 6. Gunshot wound in the axillary region. The forearm was performed fas- 

ciotomy in the war zone. 
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nd/or tendon transfers are necessary [39] . Nerve transfers have

any advantages; unlike nerve grafts, the waiting period for rein-

ervation is not long, the procedure is performed outside of the

rauma region with healthy tissues, and unlike tendon transfers

erve transfers do not disrupt the natural anatomy. In this way,

iomechanics are not changed and joint motion opening is not af-

ected while at the same time reinnervation of the natural mus-

le is provided. However, while the desired clinical outcome can

e obtained within weeks in tendon transfer, the process lasts for

onths in nerve transfer [40,41] . In our study, nerve repair in high-

evel nerve injuries was combined with tendon and nerve transfers.

erve graft was applied with tendon transfer in five cases and with

erve transfer in five cases. 

While the risk of arterial injury in low-energy GSWs has been

eported at rates of 1.5 to 4%, this rate is higher in HEIs [42] . In a

tudy involving high-energy civil GSW cases, arterial injury was re-

orted by CT angiography in 66% [30] . The 12.9% of arterial injury

ate in our study is lower compared to HEI studies in the litera-

ure. However, it should not be forgotten that, in the current study,

atients presented in the subacute period and some patients with

ascular injuries may have been treated prior to presentation in

heir home country. Two patients with axillary artery injury previ-

usly underwent repair with saphenous vein grafts in their home
ountries ( Fig. 6 ). In this case, it will not be correct to give a real

roportional number for arterial injury. We believe that the lack

f a correlation between arterial injury and the presence of frac-

ure and location of injury is due to the fact that our cases were

ubacute and not acute. 

The indication for angiography in the absence of physical ex-

mination findings is controversial [43] . Anderson et al. found 25%

ositive angiography findings in the absence of physical examina-

ion findings in forearm GSW cases [44] . As physical examination

lone may cause some vascular damage to be overlooked, angiog-

aphy or exploration is recommended to minimize this risk [3] . In

ur study, we frequently used CT angiography and observed its ef-

ectiveness in high-energy GSW cases. We believe that angiography

s valuable, especially in terms of arteriovenous (AV) fistula diag-

osis in subacute injuries. In two of our patients, AV fistula was

etected by angiography and operated by cardiovascular surgeons.

n our case approach, after the assessment of arterial damage, the

amaged part was resected and repaired without tension, other-

ise (in presence of tension) the repair of the arterial damage was

erformed using a vein graft. One of the points to be considered

ere is the placement of the vein graft away from the wound area

nd covering the graft [45] . 

Gunshot wounds have one of the highest wound contamination

ates among the causes of Type 3 open fractures. This increases the

isk of infection in HEI [46] . Bullets are not sterile and wounds are

ften contaminated with fabric and skin flora [47] . For this reason,

t is recommended to debride the wound in the early period (first

 to 8 hours). The bacterial load in the wound can reach 10 times

he original quantity after 24 hours [20] . Engelmann et al. reported

n 11.8% of infection rate after civil GSW of the upper extremity

nd stated that there was a relationship between the complex-

ty of the fracture and the risk of infection [31] . Quality informa-

ion on debridement practices in HEIs is insufficient. Nikoli ́c et al.

bserved soft tissue infection in 17% and bone infection in 15%

f cases despite debridement and antibiotic treatment in femoral

ractures with HEIs [48] . Among their cases of war injury, Hinsley

t al. observed a 48% infection rate after debridement and primary

losure [4] . These studies reveal the importance of not only de-
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bridement but also delayed closure. Omoke defined a time of over

6 hours to reach the hospital, a time of 12 hours or more before

debridement, low hematocrit value, and the injury of war as risk

factors for infection after GSW [49] . Similarly, in our study, lower

hematocrit values were observed in infectious cases. 

In one third of our cases, infection was detected during the first

presentation or clinical follow-up. Performing the first interven-

tions before the hospital, performing emergency surgical interven-

tions in environments with adverse conditions such as field hos-

pitals and not following adequate infection control measures may

result in peripheral contamination of the injured area. In war in-

juries, factors such as deterioration of tissue integrity, presence

of necrotic tissues, insufficient vascularization and development of

dead space, which cause antibiotics to fail reaching adequate tis-

sue concentration, in addition to both local flora and peripheral

contamination in the skin all result in the development of both

endogenous and exogenous infections. 

We believe that the relatively high rate of infection in our study

is due to the fact that our cases were war injuries that underwent

first intervention in other centers that possessed inadequate infec-

tion control practices before referral to our institution. 

In patients in whom presence of an infection is suspected and

antibiotic treatment is planned, microbiological cultures should be

taken before treatment and empirical treatment should be initi-

ated. In the initial empirical treatment approach, quinolone and

cephalosporin groups of antibiotics may be preferred, consider-

ing the possibility of polymicrobial reproduction. Preferably, an an-

tipseudomonal beta-lactam antibiotic can be administered, since

gram-negative bacteria are more commonly a factor. Especially

in cases with osteomyelitis, antistaphylococcal antibiotics can be

combined to address gram-positive bacteria. For a rational an-

tibiotic use, after initial empirical antibiotic treatment, treatment

should be reorganized according to culture results. According to

the culture-antibiogram result, microbiological cultures should be

repeated in case of no response to treatment despite proper an-

timicrobial treatment management. 

Planning for long term antibiotics for 2 to 4 weeks in wound

infection and a minimum 6 weeks in the presence of osteomyeli-

tis requires strict monitoring of the side effects of antibiotics. Fre-

quent and high-dose analgesic use for pain management also re-

quires monitoring of drug interactions. 

In recent years, the rate of infections developed with multi-

ple resistant microorganisms has increased. In patients present-

ing with war injuries, an increase in the frequency of infections

with drug-resistant strains has been observed, probably due to in-

adequate infection control measures and frequent revision surgery.

Nephrotoxic and neurotoxic side effects for colistin and hepatotoxic

and gastrointestinal side effects for tigecycline, antibiotics used in

infections developed with multiple resistance gram-negative bacte-

ria strains, should be monitored closely. In gram-positive bacterial

infections, follow-up is required for nephrotoxicity and ototoxicity

in vancomycin use and for hematological side effects in linezolid

treatment. 

The risk of osteomyelitis is higher in war injuries than in other

GSWs. Ignatiadis et al. observed osteomyelitis in three of 37 cases

with HEI (8.1%), while, similar to the literature, we detected os-

teomyelitis in five cases (8.1%) in our series [21] . 

The presence of fractures emerged in our work as another risk

factor for infection. This situation is associated with the size of the

soft tissue damage caused by the injury force that caused the frac-

ture in high-energy GSWs [20,50] . 

Although antibiotherapy is known to be important in the treat-

ment of GSWs, there is no consensus on its duration and ad-

ministration. What is known is the need for a longer period of

treatment (minimum 48 to 72 hours) in HEIs [51,52] . However,

short-term treatments can be applied with the clinical, laboratory
nd radiological proofs of the absence of a soft tissue or bone

nfection. 

When determining the duration of treatment in the presence of

nfection, 4 to 6 weeks of parenteral and oral sequential antibio-

herapy after final debridement should be planned in the presence

f residual infected bone, soft tissue or foreign body and in the

ase of growth of a microorganism in culture that is difficult to

reat. Additionally, that revascularization of the bone needs four

eeks. The duration of treatment should be planned as 8 to 12

eeks, especially in patients diagnosed with osteomyelitis. Treat-

ent times may be extended in certain conditions; the presence

f gram-negative bacteria and polymicrobial factors; in cases with

 high risk of reinfection; cases in which no benefit would be ob-

ained from revision surgery; insufficient, immobile and difficult to

reat bone and soft tissue reserves; and the presence of comor-

id diseases. It should be remembered that antibiotherapies termi-

ated in the early period can result in the recurrence of infection. 

In the literature, the use of external fixators with limited num-

er of pins and a simple reduction is frequently reported in GSWs

ith open fractures or bone loss [18,47] . After the resolution of

ound problems, delayed internal fixation is recommended in dis-

laced fractures of the forearm [53] . In high-energy open fractures

f the forearm, Smith and Cooney reported good and excellent re-

ults with the initial use of an external fixator and later use of

lates and screws [54] . Here, the placement of the fixation pins

way from the fracture line is important for the plate that will be

laced later [55] . It has been reported that plate and screw fix-

tion performed in open complex forearm fractures after a good

ebridement is advantageous in arterial anastomosis, allows early

ehabilitation and facilitates the union, thanks to the anatomical,

table and permanent fixation it provides [56] . Due to the fact that

ost of our cases had displaced segmental fractures of the forearm

r distal humerus fractures, the necessity of providing the anatom-

cal radius and ulna length and joint anatomy was decisive in our

mplant preference. In addition, anatomical reduction was aimed in

orearm fractures by considering them as intraarticular fractures.

owever, in patients with multi-segmental double bone fracture of

he forearm due to blast effect, plates and screws were used for

igid fixation after excision of excessive fragment bone fragments

nd after equal amount of bone shortening in both the radius and

he ulna. Bone graft application was preferred in defective sin-

le bone fractures of the forearm. Bone shortening can be applied

ore easily in defective humerus fractures. We believe that bone

hortening procedures performed in necessary cases can be benefi-

ial in providing fracture union. Due to the different anatomic loca-

ion and configurations of the fractures we encountered, implants

ere chosen based on each case. We used external fixators for

efinitive treatment in a limited number of cases ( n = 2), and in a

arger number of cases ( n = 10) before internal fixation and during

he wound care period. Headless screws or K-wires were used in

istal intraarticular fractures of the humerus, while K-wires were

sed in minimally displaced distal radius and hand fractures, plates

nd screws in distal humerus fractures with intraarticular exten-

ion, and arthrodesis plates in multi-segmental distal radius frac-

ures affecting the carpal bones ( Fig. 7 ). Due to the nature of the

egmental fracture caused by ballistic injury and due to soft tis-

ue problems (need for debridement), conservative protocols could

e followed in a limited number of cases (two cases of ulna frac-

ures and one case of humeral diaphysis fracture). Osteosynthesis

sing plates and screws was achieved in all of the forearm dou-

le fractures, 46% of ulna fractures and 75% of radius fractures

 Fig. 8 ). Before plate-screw application, cleanliness of the wound

hould be ensured and debridement should be performed to re-

ive the ends of the fractures. If the defects are smaller than 6 cm,

se of free bone grafts is sufficient. Bone grafting was performed

n eight cases with defect in our series; with six of them being il-
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Fig. 7. Bone defect in the wrist joint and the arthrodesis application. 

Fig. 8. (a) Defective gunshot wound of the forearm. Application of free flap (anterolateral thigh flap) after debridement. (b) Following the removal of the external fixator and 

bone shortening, plate and screw osteosynthesis was performed. 
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ac and two of them being olecranon grafts. A patient with a wide

umerus defect underwent vascular fibula grafting. 

The retrospective design of our study and the absence of a

ontrol group are its limitations. Since the patients returned to

heir home countries after completion of their treatment, we can-

ot present long-term functional results. However, with the remote

onnection established with most patients, we were able to deter-

ine that fracture union was achieved. Although it is not possi-
le to follow up for a long time in this type of injury etiology, we

imed to share our experience with the subacute period approach

o GSWs. Although nerve transfer is a promising technique in pen-

trating injuries of the upper extremity, it is still not considered as

he standard treatment method; more evidence is required to de-

elop an algorithm [41] . Future studies that include a large number

f cases with a control group and that evaluate standard outcome

easures are needed. We believe that the data we have obtained
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will be useful both in new studies and in the approaches of trauma

surgeons who will treat such complex cases. 

In conclusion, there is still no standard approach in upper ex-

tremity GSWs. War injuries in this region are complicated and are

one of the more challenging areas of orthopedic trauma. ‘Such in-

juries necessitate solutions specific to each individual case. Con-

taminated infected wounds frequently turn into large soft tissue

defects after repeated debridements in such cases, and reconstruc-

tive microsurgical interventions are needed. With utilization of

vacuum assisted closure, smaller defects can be covered with less

complicated reconstructive interventions. Microbiological samples

should be taken prior to empirical antibiotic treatment for infec-

tion management, antibiotherapy should be reviewed according to

culture-antibiogram results, and rational antibiotic use principles

should be followed. The holistic and uncertain character of nerve

injuries often requires early exploration and combined reconstruc-

tive interventions. As arterial injuries can be missed by physical ex-

amination alone, routine angiography should be performed. Com-

pletion of bone and soft tissue reconstructions in the same session

in a holistic approach minimizes the possible risks. In the treat-

ment of these cases, surgical teams are needed that can master

the entire treatment. 
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