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Abstract

Purpose The aim of this study was to quantify the overall burden of orthopaedic gunshot-related injuries at our institution over a
four year period. Secondary aims included identifying complications from gunshot-related injuries and the additional burden it
places on healthcare services.

Methods A retrospective review was conducted on all patients with gunshot injuries presenting to our hospital’s trauma unit
between January 2014 and December 2017. Patient data was recorded, and demographic data, number and type of implants,
blood products used, duration of hospital admission, duration of ICU admission, radiological studies performed, and prevalence
of complications were analysed.

Results A total of 1449 patients with a mean age 0f28.2 £ 9.7 years (range 2.0-71.0) were included in this study. The majority of
these gunshot-related orthopaedic injuries were sustained to the lower extremities and were treated non-operatively. The median
duration of hospital stay was 7.0 (IQR 4.0-12.0). The most common complications identified were nerve injury (8.3%), vascular
injury (6.5%), fracture-related infection (3.2%), non-union (3.1%), and compartment syndrome (1.6%). The total cost of care was
ZAR 53,568,537 (USD 4,320,043) with an average cost per patient of ZAR 37,031 (USD 2986).

Conclusion This study highlighted the burden of gunshot injuries presenting to our hospital and the strain it places on its
healthcare resources. The prevalence of complications was comparable to international studies on the subject. With improved
understanding of this burden, more healthcare resources can be allocated to this problem and better prevention strategies can be
planned.
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Introduction 100,000 in the USA [2]. While Central America, the
Caribbean, South America, and Southern Africa are at the
epicentre of intentional gun-related violence, most of the re-

search on gunshot-related injuries is conducted in developed

Gun-related violence represents a large burden on healthcare
resources all over the world, with more than 1000 killed and

an estimated 2000 people injured every day [1-3]. Gun vio-
lence is the most common cause of death in homicide cases
worldwide [3]. The rate of fatal firearm injuries per country
was estimated at 10.2 per 100,000 in South Africa and 23.7 in
Colombia (77% of total homicides) compared with just 4.4 per
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countries, such as the USA [2-4].

South Africa is ranked as the 11th most deadly country in
the world [2], with Cape Town’s homicide rate being partic-
ularly high at 41 homicides per 100,000 people being reported
in 2010 [5]. In turn, the proportion of deaths attributable to
gunshots is estimated to be about 45% [2], and in South
Africa, violence is the fifth leading cause of death [4, 5].
Despite having one of the highest burdens of gunshot injuries
in the world, relatively few gunshot-related injury studies
originate from Southern Africa.

A study, published by Martin et al. in 2017, reported the
burden of gunshot-related injuries at Groote Schuur hospital in
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Table 1 Patient demographic and clinical information
Variables N=1449
Gender
Male 93.2 (1350)
Female 6.8 (99)
Age (years) 28.2+£9.7 years
Age group
<16 years 3.9 (56)
>16 years 96.1 (1393)
Injury severity score (ISS) 9.0 (4.0-9.0)
ISS<15 89.9 (1302)
ISS>15 10.1 (147)
Other injuries
Abdomen 7.4 (107)
Chest 3.7 (54)
Head/neck 2.3 (34)
Urogenital 1.5(22)
In-hospital mortality rate 1.6 (23)
Co-morbidities
HIV 3.2 (47)
Hypertension 1.9 (28)
Respiratory 1.6 (23)
Diabetes 1.2(17)
Cardiac 0.5 ()
Previous GSW 1.9 (27)
Number of GSW injuries
2 15.1 (219)
>3 2.6 (38)

Data is presented as mean =+ standard deviation, median (interquartile
range), or frequencies (counts)

2012 [6]. The authors reported that, among 111 patients, 95
patients underwent a total of 135 surgical procedures to a total
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Fig. 1 Number of patients presenting with gunshot-related orthopaedic
injuries per year, between 2014 and 2017
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of more than 306-hours cumulative surgical theatre time.
Although there were limitations in calculating the total asso-
ciated costs of these procedures, the authors estimate a total
theatre cost of USD 94,490, with individual patient costs (ex-
cluding implants) averaging USD 2940. Very few studies
have been done in South Africa despite its perceived high
burden of gunshot injuries.

This study aims to quantify the overall burden of orthopae-
dic gunshot-related injuries at our institution over a four year
period. Secondary aims include identifying complications
from gunshot-related injuries and the additional burden it
places on healthcare services.

Methods

A retrospective review of clinical records and serial radio-
graphs of all patients presenting with gunshot-related injuries
to the extremities, pelvis, and spine between January 2014 and
December 2017 was performed. Institutional ethics approval
and hospital board approval were obtained prior to commenc-
ing data collection.

All adult and paediatric patients presenting to our level
1 trauma unit with a gunshot injury requiring orthopaedic
assessment were considered for inclusion. Patients with
incomplete documentation were excluded. Data pertaining
to patient demographics; injury characteristics; treatment
variables including, duration of hospital stay, admission
to the intensive care unit (ICU), and length of stay; num-
ber and type of radiological procedures performed; blood
products used; surgical procedure performed; surgical im-
plants used; and any complications experienced was col-
lected. Patient records were reviewed for a minimum of
one year following the initial injury.

Musculoskeletal injuries were classified according to the
Muller AO classification system [7]. The presence of compli-
cations such as neurovascular injuries, compartment syn-
drome, and fracture-related infection and non-union was re-
corded. Nerve injuries were diagnosed through clinical exam-
ination by the treating clinicians, while arterial injury was
diagnosed clinically and confirmed on computed tomography
angiography (CTA) scans. Compartment syndrome was diag-
nosed by clinical examination and intra-operative findings.

The criteria proposed by Metsemakers et al. was used
to describe fracture-related infection [8]. Confirmatory
criteria included a fistula, sinus, or wound breakdown;
purulent discharge from the wound or presence of pus
during surgery; pathogens cultured from at least two deep
tissue specimens; and presence of microorganisms taken
from deep cultures [8, 9].

Non-union was defined as a lack of clinical or radiographic
evidence of healing nine months after the injury and requiring
a secondary procedure to obtain union [10, 11].
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Fig. 2 Gunshot-related fracture
anatomical distribution
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Cost analysis pertaining to the included parameters was
performed using the hospital uniform patient fee schedule
(UPFS) of a private patient and the 2014-2017 hospital im-
plant tender document. The cost of blood products was calcu-
lated using data from the South African National Blood
Service (SANBS), where one unit of packed red cells costs
ZAR 1459 (USD 118), one unit of fresh frozen plasma costs
ZAR 1288 (USD 104), and a unit of platelets cost ZAR 1796
(USD 145). The rand to dollar exchange rate was pegged at
USD 1 to ZAR 12.4 (on 31/12/2017).

Data was captured in a Microsoft Excel spreadsheet and
analysed by using STATISTICA version 13.0 (StatSoft Inc.,
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Tulsa, OK, USA). Captured clinical and demographic data
(Table 1) are presented as medians and interquartile ranges
(IQR) or means + standard deviation for continuous variables,
depending on the distribution, or as frequencies and counts for
categorical data.

Results
A total of 1800 patients with gunshot-related musculoskeletal

injuries were identified during the study period. Of these, 351
patients were excluded due to incomplete documentation or
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Fig. 3 Flow diagram of gunshot-related injury management

having sustained injuries not requiring orthopaedic manage-
ment. The burden of gunshot-related orthopaedic injuries
showed similar rates between 2014 and 2016; however, an
11.1% increase from 2016 to 2017 was observed (Fig. 1).
The final cohort, which included mostly male patients (n =
1350, 93.2%), consisted of 1449 patients, with 1548 fractures,
who sustained a total of 1706 musculoskeletal injuries. A total
of 158 gunshot injuries included intra-articular gunshot inju-
ries without an obvious fracture on the plain film radiographs
(with no CT scan performed) and soft-tissue injuries with

Table 2 Breakdown of conservative versus surgical treatment with
indication of the surgical modalities used in surgical cases

Treatment Number of injuries %
(n)
Conservative treatment 53.7 (916)
Surgical treatment 46.3 (790)
Intramedullary nails 19.2 (329)
Plates and screws 10.6 (180)

Debridement/fasciotomy with/without bullet re- 8.7 (148)
moval

External fixation 4.0 (69)
Temporary mono-lateral 1.3(23)
Circular fixator 2.7 (46)
Kirschner wires 3.0 (56)
Amputations 0.5 (8)

Data is presented as frequencies with counts indicated in parentheses
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nerve fallout. The mean age was 28.2 +9.7 years, ranging
from two to 71 years, with most patients (53%) being between
20 and 30 years of age and 56 patients (3.9%) being younger
than 16 years old. A history of previous gunshot-related injury
was observed in 27 (1.86%) patients. Of the included patients,
257 (17.7%) sustained more than one gunshot-related muscu-
loskeletal injury.

Injuries included 1548 fractures and 158 soft-tissue injuries
requiring orthopaedic review. These included intra-articular
gunshot injuries without an obvious fracture on the plain film
radiographs. The majority of fractures involved the lower
limbs (n =814, 52.6%), while 32.1% (n=497) involved the
upper limbs, 8.5% (n=132) involved the pelvis, and 6.8%
(n=105) involved the spine (Fig. 2). The most common bone
injured was the femur (n =313, 20.6%), followed by the tibia
(n=273,17.9%) (Fig. 2).

There were 263 (15.4%) intra-articular gunshot injuries
involving the large joints. A total of 111 (6.5%) gunshot inju-
ries involved the knee joint, 43 (2.5%) involved the elbow, 39
(2.3%) involved the hip, 30 (1.8%) involved the ankle, 23
(1.3%) involved the shoulder, and 17 (1%) involved the wrist.

There was a relatively equal split between gunshot injuries
requiring surgery (n =790, 46.3%) and injuries that could be
treated non-operatively (n=916, 53.7%). (Fig. 3) (Table 2)
Treatment modalities included intramedullary nails (n =329,
19.2%), plates and screws (n =180, 10.6%), debridement/
fasciotomy with or without bullet removal (n= 148, 8.7%),
external fixation (n =69, 4%), Kirschner wires (n =156, 3%),
and amputations as the first treatment in eight cases (0.5%).
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Table 3

Total hospital stay of patients admitted for gunshot wound-related orthopaedic injuries

Duration of stay per patient (days) Total number of admission days (n) Total admission cost (ZAR) Total admission cost (USD)

General ward 7.0 (4.0-12.0) 9100
ICU 5.0 3.0-7.0) 435
Total 9535

20,202,000 1,629,194
4,414,380 355,998
24,616,380 1,985,192

Data is presented as median (interquartile range), with total (n) and amounts in ZAR and USD indicated (exchange rate calculation of USD 1 =ZAR 12.4

on 31/12/2017)

Temporary mono-lateral external fixation was employed in 23
patients (1.3%), while 46 patients (2.7%) had a circular exter-
nal fixator as definitive fixation. Of the 23 patients who had
temporary mono-lateral external fixators, nine were converted
to hexapod circular fixators, five to intramedullary nails, and
four to plate and screw fixation, while two patients underwent
amputation and one was definitively managed in mono-lateral
external fixation. Few surgical cases were performed with the
sole indication being bullet removal. The only absolute indi-
cations our unit has for bullet removal are the bullet or frag-
ments of it are lodged in a joint, the bullet causes impingement
on a nerve or nerve root, the bullet is required for medico-legal
examination, or lead poisoning is suspected. Our unit does not
routinely test for lead serum levels. The total implant cost for
operatively managed cases amounted to ZAR 8,257,133
(USD 665,898).

Patients who sustained gunshot-related orthopaedic inju-
ries that required admission were admitted for a total of
9535 days, including 435 days in ICU, at a total cost of
ZAR 24,434,380 (USD 1,970,515) (Table 3). The median
duration of hospital stay was seven days (IQR 4.0-12.0 days)

Table4 Overview of imaging- and blood product-related costs for gun-
shot wound-related orthopaedic injuries

Number Count (n) Total cost (ZAR) Total cost (USD)
Imaging
Radiographs 13,486 2,737,658 220,779
CT scans 430 1,165,300 93,976
CTA scans 669 4,555,890 367,410
MRI scans 4 27,240 2197
Total imaging 14,589 8,486,088 684,362
Blood products
Packed red cells 526 767,434 61,890
Fresh frozen plasma 198 255,024 20,566
Platelets 13 23,348 1883
Total blood products 737 1,045,806 84,339

Data is presented as counts (7) and amounts in ZAR and USD indicated
(exchange rate calculation of USD 1 =ZAR 12.4 on date 31/12/2017)
CT, computed tomography; CTA, computed tomography angiography;
MRI, magnetic resonance imaging

per patient with the longest admission being 99 days. Of those
admitted to the ICU, the mean ICU duration of stay was five
days (IQR 3.0-7.0 days).

A total of 14,589 imaging investigations were obtained,
including 13,486 radiographs, 669 computerised tomography
(CT) angiograms, 430 CT scans, and two magnetic resonance
imaging (MRI) scans, costing a total of ZAR 8,486,088 (USD
684,362). The most expensive imaging modality was CT an-
giograms at a total cost of ZAR 4,555,890 (USD 367,410)
(Table 4). Blood products were administered to 149 patients
(10.3%) including 526 units of packed red cells, 198 units of
fresh frozen plasma, and 13 units of platelets. The cost of
blood products totalled ZAR 1,045,806 (USD 84,339)
(Table 4).

Emergency unit consultation fees amounted to ZAR 883,890
(USD 71,281) based on a cost of ZAR 610 (USD 49) per patient
consultation (Table 5). Theatre costs were ZAR 10,551,240
(USD 850,906). This was calculated considering the 790 theatre
episodes in this study, multiplied by the average three hours
required per gunshot-related orthopaedic case as suggested by
Martin et al. [6]. The total cost of care amounted to ZAR
53,658,537 (USD 4,320,043). The average cost per patient
was ZAR 37,031 (USD 2986), with the most expensive patient
costing ZAR 280,124 (USD 22,591) (Table 4).

Complications are summarised in Table 6. The most com-
mon complication was nerve injury (n = 128, 8.3%), followed
by arterial injury (n=101, 6.5%), fracture-related infection

Table 5 Overview of all direct costs associated with gunshot wound-
related orthopaedic injuries

Modality Total cost (ZAR) Total cost (USD)
Implant costs 8,257,133 665,898

Theatre costs 10,551,240 850,906
Hospital stay (bed costs) 24,434,380 1,970,515

Blood product costs 1,045,806 84,339

Imaging costs 8,486,088 684,362
Emergency unit consultation fees 883,890 71,281

Total 53,658,537 4,327,301

Total amounts in ZAR and USD are indicated (exchange rate calculation
of USD 1 =ZAR 12.4 on 31/12/2017)
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Table 6 Number of

complications encountered as Anatomical Nerve Arterial Fracture-related Non- Compartment
percentage of total gunshot location injury injury infection union syndrome
injuries
Upper limb 4.8 (75) 4.6 (72) 0.5(8) 1.4 (21) 0.5(9)
Lower limb 3.5(53) 1.9 (29) 2.7 (40) 1.7.27) 1.0 (16)
Total 8.3 (128) 6.5 (101) 3.2(49) 3.1(48) 1.6 (25)

Data is presented as frequencies with counts in parentheses

(n=49, 3.2%), non-union (n =48, 3.1%), and compartment
syndrome (n =25, 1.6%). Nerve and arterial injuries were
more frequently observed following injuries involving the up-
per limb compared with the lower limb at rates of 4.8% versus
3.5% for nerve injuries and 4.6% versus 1.9% for arterial
injuries respectively.

Discussion

The aim of this study was to quantify the overall burden of
orthopaedic gunshot-related injuries at our institution over a
four year period. Secondary aims included identifying com-
plications from gunshot-related injuries and the additional
burden it places on healthcare services.

This study highlights the enormous trauma burden of
gunshot-related orthopaedic injuries at a level 1 trauma unit
in South Africa. This is one of the largest single-centre studies
on orthopaedic civilian gunshot injuries to date with only
studies that considered multiple centres or those performed
in war zones, exceeding the numbers reported in the present
investigation [12—17]. This high trauma burden of gunshot-
related orthopaedic injuries exacts a devastating cost on soci-
ety and has an equally significant physical, emotional, and
economic costs on its victims and their families. This is par-
ticularly evident in the Western Cape region, which has re-
cently been plagued with an epidemic of gang violence to the
extent that the South African National Defence Force has been
deployed in the Cape Flats in an attempt to control the vio-
lence [18].

An unsettling finding is a high number of children and
adolescents being among the victims (5%), with the youngest
victim being only two years of age. The age and gender

Fig. 4 Comparison of gunshot
injuries at our institution
compared with other international
studies published showing
average number of gunshot
injuries per year

Operation Iraqi Freedom, 2005-2009

.ibyan Civil War - Al Jalaa hospital, Bengazi, 2011
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Nigeria, Okudu Province, 2012-2014

Bahawal Victoria hospital, Pakistan, 2008-2010

distributions were similar to publications by Martin et al.
and Engelman et al., who also reported that young males made
up the majority of cases [6, 19]. As reported in other similar
studies, the lower extremity was more frequently injured but
upper extremity gunshot injuries was associated with a higher
rate of nerve and arterial damage [19]. The 8% rate of nerve
injuries in our study was lower than those published by
Walker et al. and Beidas et al., but the latter investigations
included higher-velocity gunshot injuries and studies pub-
lished in the military setting [17, 20].

Compartment syndrome was more frequently observed fol-
lowing lower extremity gunshot injuries, and, in our study, the
most common complication was nerve injury. The fracture-
related infection rate of 3.2% was comparable to closed frac-
tures treated with operative intervention [20]. This was also
comparable to Dougherty et al. [21] who found an infection
rate of 1.5-5% for low-velocity gunshot injuries, and was
significantly lower than the 15% wound infection rate report-
ed by Abalo et al. [22] who predominantly treated lower limb
fractures with internal fixation. We can postulate the follow-
ing reasons for our relatively low fracture infection of 3.2%.
Firstly, it is our trauma units’ protocol to administer antibiotics
as soon as the patient arrives in our emergency unit. A first-
generation cephalosporin is administered as soon as possible.
Additional antibiotics are administered at the discretion of the
orthopaedic resident who first reviews the patient. Secondly,
our patient population is relatively young with a mean age of
28.2+£9.7 years, with the vast majority (91.6%) not having
any medical co-morbidities. The vast majority of the gunshot
injuries in our series were low velocity and extra-articular.
There were only 4 patients in our entire series of 1449 patients
who sustained high-velocity gunshot injuries, and only 263
(15.4%) gunshot injuries were intra-articular injuries of a large
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joint. It is also possible that we underestimated the rate of
superficial wound infection. More than 30% of our patients
did not follow up, and due to poor socio-economic conditions,
it is likely that if they had a minor wound requiring attention,
they would have presented to their primary care physician or
clinic closest to their home and received a course of oral
antibiotics.

More than half of the patients (53.7%) in the current series
could be managed without surgical intervention. A possible
explanation for this is that the vast majority of gunshot injuries
in the series were low velocity and predominantly extra-artic-
ular. It is surprising to note the low percentage (4%) of patients
requiring fracture stabilisation with external fixators, which
can also be attributed to the fact that the majority of gunshot
injuries were caused by hand guns and were therefore low
velocity/low-energy injuries.

The burden of gunshot injuries at our institution is compa-
rable to that seen in conflict areas with similar average number
of gunshot-related injuries per year. During the Operation
Iraqi Freedom, the Joint Theatre Trauma Registry recorded
2392 musculoskeletal gunshot injuries over a five year period
between 2005 and 2009 [17]. The Al-Jala hospital in Libya
treated 870 victims during a particularly bloody period of
conflict of the 2011 civil war [15]. In comparison, at our
institution, we treated 1706 musculoskeletal gunshot over a
four year period from 2014 to 2017. Studies from England,
Pakistan, and Nigeria have far fewer numbers of gunshot vic-
tims than seen in the current study [13, 14, 16] (Fig. 4).

There are several limitations for this study, as the data was
collected retrospectively at a single institution and often had to
rely on the availability of sufficient information recorded by
the treating clinicians. From our review, more than 30% of
gunshot victims in the study did not follow up after initial
medical care; as a result, some of the complications might be
under-reported. In addition, some complications relied on an
intra-operative diagnosis and could be under-reported. Also,
only direct costs were calculated, and fees for laboratory in-
vestigations, drugs, and other consumables were not included
in the cost analysis.

The mental health and psychological burden of these injuries
in patients and their families was not investigated and should be
investigated in the future. The study does however have very
large patient numbers, the data was collected over a four year
period, and patient notes were accessed for at least a one year
period after their injury to identify any late complications.

Conclusion

Our hospital is faced with an enormous burden of civilian
gunshot-related orthopaedic injuries. This is comparable to
studies published during the period of conflict and war.
Although firearm violence has decreased in the early part of

the decade due to the Firearms Control Act, there is a worry-
ingly upward trend in gunshot violence in the Western Cape,
South Africa, over the last few years. With improved under-
standing of this enormous burden, more healthcare resources
can be allocated to this problem and better prevention strate-
gies can be planned. Future studies evaluating the mental
health and psychological burden experienced by gunshot vic-
tims as well as strategies to address societal issues that lead to
interpersonal violence are warranted.
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