
O

T
e

E
D
G

A
R
A

K
O
G
E
U
H
R

1

b
i
r
m
e
C
q
l
i
b

B

1

Orthopaedics & Traumatology: Surgery & Research 105 (2019) 517–522

Contents lists available at ScienceDirect

Orthopaedics  &  Traumatology:  Surgery  &  Research

jou rn al homepage: www.elsev ier .com

riginal  article

reating  fractures  in  upper  limb  gunshot  injuries:  The  Cape  Town
xperience

smee  Wilhelmina  Maria  Engelmann ∗,  Stephen  Roche  ,  Sithombo  Maqungo  ,
uPreez  Naude  , Michael  Held

roote Schuur Hospital, Cape Town, South Africa

a  r  t  i  c  l e  i n  f  o

rticle history:
eceived 24 May  2018
ccepted 13 November 2018

eywords:
rthopaedic trauma
unshot
pidemiology
pper extremity
umerus
adius

a  b  s  t  r  a  c  t

Background:  Upper  extremity  gunshot  fractures  are generally  treated  conservatively  or  surgically  using
open reduction  and internal  fixation  (ORIF),  intramedullary  nails  (IM) or external  fixators.  However,  there
is no  gold  standard  for the  management  of  these  complex,  multi-fragmentary  upper  extremity  fractures.
The  aim  was  to describe  and  identify  the injury  patterns,  management,  complications  and  associated  risk
factors for  upper  extremity  gunshot  fractures.
Patient  and  methods:  Data  of  patients  with  upper  extremity  gunshot  injuries  that  presented  to  a  Level  I
Trauma  Unit  in  Cape  Town,  South  Africa  was  collected  prospectively  over  a ten-month  period  from  June
2014  to April  2015.  Clinical  notes  and  radiographs  were  reviewed  retrospectively.
Results: Fifty-one  of 90 patients  (56.7%)  with  ballistic  injuries  had  fractures,  30%  had  neurovascular
injuries  and  75%  had  additional  injuries  to  other  anatomical  structures  including  head,  neck,  spine,  chest,
abdomen,  pelvis  and  urogenital  tract. Most  fractures  were  diaphyseal,  multi-fragmentary  and  extra-
articular.  Fractures  were  treated  conservatively  in  more  than  half of  the  cases.  Median  fracture  length
was 5.5  centimetres.  A longer  fracture  zone  was  statistically  associated  with  surgical  treatment.  When
surgically  treated,  open  reduction  and  internal  fixation  was  most  often  performed.  Median  hospital  stay

was six  days.  Infection  and  injury  severity  prolonged  hospital  stay.
Discussion:  In  contrast  to studies  from  the  USA  and  Europe,  most  fractures  in this  study  were  man-
aged  conservatively.  High  quality  prospective  controlled  trials  are  required  to  evaluate  radiographic  and
clinical  outcomes  of  treatment  methods  for upper  extremity  gunshot  injuries.
Level of evidence:  IV,  case  series.

© 2018  Elsevier  Masson  SAS.  All  rights  reserved.
. Introduction

Orthopaedic trauma services worldwide face an increasing
urden of admissions as a result of penetrating trauma includ-

ng stab wounds and gunshot injuries [1–5]. In developing and
esource-limited countries, firearm injury rates are three times
ore frequent compared with the United States and Europe, with

picentres of interpersonal gunshot violence burden located in
entral and South America and Southern Africa [4,5]. Without ade-
uate trauma management, ballistic trauma patients may  face life
ong morbidity. Upper extremity ballistic injuries are common with
ntra-articular fractures resulting in more severe impact on mor-
idity [6–10].

∗ Corresponding author. Groote Schuur Hospital, Orthopaedic Surgery, Old Main
uilding, Main Rd, Observatory, Cape Town 7925, South Africa.

E-mail address: e.w.engelmann@amc.uva.nl (E.W.M. Engelmann).

https://doi.org/10.1016/j.otsr.2018.11.002
877-0568/© 2018 Elsevier Masson SAS. All rights reserved.
Fractures in upper extremity gunshot injuries are generally
treated either conservatively using plaster or splint, or surgically
with open reduction internal fixation (ORIF) using screws and
plates, intramedullary nails (IMN) or external fixators. Wounds
can be debrided and the bullet may  or may  not be removed. The
complexity of the fractures, the inconsistency of classification
systems outcomes and the wide variety of treatment modalities
increase the need for experience-based medicine. There is cur-
rently no gold standard for the management of complex, often
multi-fragmentary upper extremity fractures caused by gunshot
trauma available in literature [6,10–12]. There is no accumulated
evidence, no systematic reviews, clinical trials or case-control
series focusing on gunshot-induced upper limb fractures. Multiple
systematic reviews on non-traumatic humerus fractures reported

contrasting conclusions and agreed on the fact that there is insuf-
ficient evidence available to decide which management options
are best for different types of humerus fractures [13,14]. Surgical
intervention for was not superior to conservative management in

https://doi.org/10.1016/j.otsr.2018.11.002
http://www.sciencedirect.com/science/journal/18770568
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Fig. 1. Flowchart of study population.
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pper extremity fractures in Cochrane reviews [13,14]. There is
lso no conclusive evidence available for forearm fractures.

Moreover, no previous prospective study evaluated the injury
atterns and clinical characteristics of fractures in gunshot injuries
f the upper extremity. The few studies on gunshots of the upper
imb are dated, retrospective case series of small sample sizes from
eveloped countries [6–9,11,15,16] and no evidence is available to
uide the management of these injuries in developing countries.

The aim of this study was therefore to identify the injury pat-
erns and clinical characteristics of 90 consecutive patients with
ractures of the upper extremity due to gunshot injuries. The objec-
ives are to describe associated injuries and their management, as
ell as complications and their possible risk factors.

. Patients and methods

.1. Study design

This is a retrospective cohort study of all patients with fractures
f the upper extremity due to gunshot injuries who  presented to
he Trauma Unit at Groote Schuur Hospital in Cape Town over a
0-month period between July 2015 and April 2016.

. Methods

Patients with upper extremity gunshot injuries were selected
rom the electronic Trauma Health Record, a prospectively main-
ained electronic registry of all patients presenting to our Trauma
nit. Additional information regarding the injury, treatment and

n-hospital characteristics was reviewed retrospectively through
linical notes and radiographs.

.1. Patients

All patients with ballistic injuries to the upper extremity who
resented between June 2014 and March 2015 were included.

e defined upper extremity as involvement of clavicle, scapula,

umerus, radius and ulna. Patients with isolated fractures of the
kull, face, ribs, hands, fingers and lower extremities were excluded.
atients without fractures were excluded from further analysis as
bony injuries were the specific focus of this paper. Patients with
insufficient data available were also excluded.

3.2. Methods of assessment

Patient demographics including age, gender, location and
employment status were collected. The variables used for injury
classification were number of fractures, nerve injuries, arte-
rial injuries and associated injuries. The Arbeitsgemeinschaft
für Osteosynthesefragen and Orthopaedic Trauma Association
(AO/OTA) Fracture and Dislocation Classification was used to
classify fractures. The treatment strategy was  documented as con-
servative, ORIF, IMN, and external fixation. Union and time to union
were assessed. Radiographic union was assessed by a radiologist
and two upper extremity specialist surgeons. It was defined as at
least three cortices bridged by callus on lateral and AP radiographs.

To assess complications, reoperations, secondary infections and
mortality we reported on a time scale since hospital admission
(more or less than 30 days). Reoperations were defined as planned
(for example in the management of open fractures) and unplanned
procedures, which were not anticipated during the initial manage-
ment plan. The total period of follow-up and the number lost to
follow-up were also assessed.

3.3. Statistical analysis

Demographic and clinical data of the patients were compared
using bivariate analysis. The p-values were determined by the
Chi2 or two-sided Fisher’s exact test for categorical variables, and
by the Student’s t-test or the Mann–Whitney U test for contin-
uous variables. Z-tests were used test for significant differences
between two population proportions. Significant confounders
(p < 0.05) between the compared groups were identified using
multivariate analysis. Risk factors identified by bivariate analysis
at p < 0.2 were put into a multivariate regression model to test
for (independent) association between variables. Univariate and
multivariate analyses were performed to investigate associations

between age, Injury Severity Score, associated injuries, other
injuries, hospital stay and complications. Values were reported as
percentages for categorical variables and mean ± SD or median,
range and interquartile range for continuous variables. Analyses
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Table 1
Distribution of long bone fractures according to AO/OTA Classification. Type of frac-
ture in X-ray example in italics.

X-ray example Bone Fractures (n; %)

Humerus 23
Articular 3 (13.0%)
Multi-fragmentary 21 (91.3%)
Proximal (n each) 3 (13.0%)
11-A3 3
Diaphysis (n each) 17 (73.9%)
12-A1 1
12-B3 2
12-C3 14
Distal (n each) 3 (13.0%)
13-B2.1 1
13-C3 2

Radius 16
Articular 1 (6.3%)
Multi-fragmentary 12 (75.0%)
Proximal (n each) 3 (18.6%)
21-C2, 21-A3.3, 21-A2.1 1
Diaphysis (n each) 10 (62.5%)
22-A2.2, 22-C3.3 2
22-B2.2 6
Distal (n each) 3 (18.6%)
23-A3 3

Ulna 15
Articular 2 (13.3%)
Multi-fragmentary 13 (86.7%)
Proximal (n each) 4 (26.7%)
21-A1.1, 21-A3.3, 21-B1, 21-C2 1
Diaphysis (n each) 7 (46.7%)
22-B1.2 5
22-C3.3 2
E.W.M. Engelmann et al. / Orthopaedics & Trau

ere performed using SPSS version 23 (Statistical Package for the
ocial Sciences, IBM Company, New York).

. Results

.1. Demographics

Of 90 consecutive patients with upper limb gunshot injuries,
1 (56.7%) had fractures and were eligible for inclusion. These
atients had a median age of 28 years (range: 15.2–55.1; IQR: 9.0).
hirty-nine (43.3%) patients without fractures had superficial lacer-
tions, contusions, abrasions and/or haematomas (Fig. 1). Out of 51
atients with upper extremity fractures, 41 patients had one frac-
ure (80.4%), seven patients had two fractures (13.7%), one patient
ad 3 fractures (5.8%), and two patients had 4 fractures (3.7%). This
esulted in a total of 66 fractures in 51 patients. Ninety-six per cent
ere male (n = 49 of 51), 78.4% were unemployed (n = 40 of 51) and

8.9% were referred from informal housing townships in the Cape
lats (n = 31). On admission to the Trauma Unit, the Injury Severity
core (ISS) for patients with fractures was of 9.0 (range: 1–59; IQR:
0.0).

.2. Injury pattern

Fractures included 5 (7.6%) clavicle, 7 (10.6%) scapula, 23 (34.8%)
umerus, 16 (24.2%) radius and 15 (22.7%) ulna (total 66). Most frac-
ures were multi-fragmentary (n = 57, 86.3%); 7 fractures (10.6%)
ontained more than ten fragments. All clavicular fractures were
xtra-articular and most were multi-fragmentary (n = 4; 80%).
capular fractures involved the body (n = 4) or acromion (n = 2);
ne patient had extensive injuries to the scapula and glenoid
ue to a complete articular fracture combined with a multi-
ragmentary fracture of the neck of the scapula. The anatomic
istribution of the 54 long bone fractures is displayed in Table 1.
ost fractures were diaphyseal (n = 34; 51.5%) and only 9.1% were

artial or complete articular fractures (n = 6). Six patients had ipsi-
ateral radius and ulna fractures; other forearm fractures were
solated.

Neurovascular injuries were documented in 22 (43.1%) patients.
eventeen patients (23.5%) had a fallout of the ulnar nerve (n = 7),
edian nerve (n = 5), radial nerve (n = 3) and brachial plexus (n = 2).
ascular injuries involved the brachial artery (n = 3) and axillary
rtery (n = 2). Thirty-six patients (70.6%) suffered injuries to other
natomical structures including head, neck, spine, chest, abdomen,
elvis and urogenital tract.

.3. Management

Thirty-nine (59.1%) fractures were treated conservatively with
laster or splinting, local wound care and dressings, antibiotics and
arly physiotherapy, 4 (6.1%) fractures were treated with exter-
al fixators, 12 fractures (18.2%) were treated with open reduction

nternal fixation techniques (ORIF), and in 7 fractures (10.6%) an
ntramedullary nail (IM) was done. Clavicle fractures were treated
onservatively except for one patient with an extra-articular frac-
ure of the lateral clavicle, which was treated with ORIF. Six of the 7
capular fractures were treated conservatively and one patient with

 multi-fragmentary fracture of the body was treated with ORIF.
he management of humerus, radius and ulna fractures is displayed

n the pie charts in Fig. 2. Most humerus and ulna fractures were
reated conservatively, whilst most radius fractures were managed
urgically (p < 0.03). Patients with other injuries were treated con-
ervatively in 60.0% of the cases (n = 21/35).
Distal (n each) 4 (26.7%)
23-A1.3 3
23-A3 1

4.4. Complications
Complications were defined as reoperations, secondary infec-
tions and death. Five patients (9.8%) had ten reoperations in total.
There were two cases of unplanned surgeries due to surgical site
sepsis. Planned reoperations included re-looks, adjustments and
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Fig. 2. Management strategies in upper 

emoval of external fixators (n = 6) and intramedullary nailing
n = 2). Six cases of secondary infections were seen in 51 patients
11.8%). These patients all had complex, multi-fragmentary frac-
ures. Two of these patients were treated conservatively, two had
xternal fixators, one was treated using ORIF and one using IM.
heir injury pattern or antibiotic regime was not different from
on-septic patients in the study group. The infection occurred
ithin 30 days post-injury (n = 5) and concerned surgical wound

epsis (n = 3). There were only two cases of external fixation pin
ite sepsis. All patients survived.

.5. Hospital stay

The median hospital stay was 6 days ranging from 0 to 53 (IQR:
2.5). Treatment strategy, infection and Injury Severity Score are
ssociated with a longer hospital stay in univariate and multivari-
te analysis (p < 0.001) with respective coefficients 0.28, 0.53 and
.41. Union had occurred at a median of 80 days post-injury (range:
3–145 days; IQR: 48.5). The follow-up rate defined as more than
6 weeks post-injury for patients with fractures was 45.1% (n = 23).
hirty-five patients could not be followed up (68.6%), 3 could be fol-
owed until 4 weeks post-injury, 4 were followed up until 6 weeks
nd 1 was followed up until 8 weeks post-injury.

. Discussion

.1. Main findings

Most of the 51 patients with fractures, had complex injury pat-
erns and were treated conservatively. This management strategy
esulted in an overall sepsis rate of 10%, a median hospital of

 days and a median time to union of 80 days, no deaths and two
nplanned reoperations.

.2. Demographics

The majority of patients were referred from informal hous-
ng townships in the Cape Flats, known for its high rates of
angsterism, drug violence and other sorts of intended and inter-
ersonal violence. Violence and homicide studies from other low
nd middle-income countries have reported similar demographics
ncluding young male patients with easy availability to firearms

17]. Moreover, the patients living in informal settlements face
evere financial restraints including a lack of transport money for
ollow-up and low resources regarding postoperative care such as
hysiotherapy strongly affect the outcomes of our management.
ractures: a: humerus; b: radius; c: ulna.

5.3. Injury pattern

More than half of the patients with gunshot injuries to the upper
extremity had at least one fracture. As demonstrated in Table 1,
most fractures were complex, irregular and multi-fragmentary
with a large fracture length. Most other studies have reported on
a similar pattern but comparison is often challenging as various
systems to classify are used such as injury location, bullet velocity,
Gustilo-Anderson classification, damage to soft tissue or purely a
description of the injury [7,8,10,15,16].

5.4. Management strategies

Ball et al. earlier emphasized that thorough physical examina-
tion remains the mainstay in the work-up of penetrating extremity
trauma suspect for neurovascular or soft tissue injuries [18] (Fig. 2).
Proximal occlusion using compression or tourniquet is the strategy
of choice for the rapid management of hemorrhagic wounds. Many
Western trauma centres treat gunshot related fractures with exter-
nal fixation [19,20] or promote a thorough surgical debridement
and internal fixation [6,10,21–23]. In our series, upper extremity
fractures were treated conservatively in more than half of the cases
with minimal incidence of sepsis or nonunion. Fractures of the
clavicle, scapula, humerus and ulna were treated mostly conser-
vatively, while most radius fractures were treated surgically. Due
to the effect on pronation and supination the radius has a much
smaller acceptable limit of rotational and axial malunion which
might have triggered fixation in a significantly larger number of
cases.

Overall, this supports conservative management as treatment
option in low resource settings, even for complex fracture patterns
and is in line with recommendations from recent meta-analyses
in the treatment of proximal humerus, humeral shaft and ulna
fractures in blunt injuries [24–27]. To date it is unclear whether
surgical treatment of proximal humerus and humerus shaft frac-
tures results in better clinical outcomes [27,28]. The indication for
wound debridement or exploration in our cohort was  given when
wound contamination, associated neurovascular injuries and large
soft tissue damage were evident. This has been suggested in pre-
vious studies [29,30]. Literature provides evidence both in favour
of and against formal debridement of musculoskeletal injuries
[31].

Conservative management is mainly limited to immobilization
and home exercises with poor access to physiotherapy in informal

settlements. In addition to these challenges patients often spend
a day’s wage for transport to the hospital which limits follow-up
visits. This eliminates complex conservative treatment regimens
and makes a simple approach necessary. Without early training
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nd adequate follow-up, gunshot fractures may  lead to malunion
r pseudo arthritis with severe stiffness and functional limitations.

.5. Complications

Our cohort showed a high severity of injury and associated nerve
njuries in upper limb gunshot wounds is likely due to the proxim-
ty of the upper limb to vital organs in the abdomen, chest, head
nd neck. The high number of neurovascular injuries was con-
istent with previous research on penetrating extremity trauma.
his should raise meticulous awareness amongst physicians in the
rimary trauma assessment.

The rate of associated injuries was high when compared to
uropean studies [19], but similar to US studies [6,20,21]. The
bserved infection rate of 11.8% was relatively high when compared
ith previous reports [17,20–24] but is similar to penetrating frac-

ures treated surgically in low-income settings [32,33]. Previously,
 prospective multicentre study on the outcomes of a standard-
zed IM nailing technique between a South African and European
rauma centre demonstrated lower complication rates in South
frica. Most of these patients were treated surgically which high-

ights the importance of non-surgical management if amenable.
here were no cases of nonunion.

.6. Strengths and limitations

Most of the literature available in orthopaedic ballistic trauma
s over a decade old. Although modern technology and techniques

ay  have changed the way in which developed countries treat such
ractures, the available experience should not be regarded obsolete
iven the high gunshot trauma burden in low resource settings. The
trength of our study is a large sample size, as the weekly number
f ballistic trauma patients seen at Groote Schuur Hospital gener-
lly exceeds the yearly number of ballistic injuries seen at Western
rauma centres [4,5,30]. Therefore, experience rather than evidence
s crucial in the best management of this specific type of injuries.

We noted a low follow-up rate in our cohort, which is a scientific
imitation of this study. This high loss to follow-up is similar to other
tudies reporting on ballistic trauma patients, especially in endemic
reas [19,26,27]. Nonetheless, this follow-up rate is realistic, as
llustrated by the fact that up to five percent of our study popula-
ion had died as a result of another gunshot injury during the study
eriod. With respect to union, patients may  have united before their
ollow-up appointment and the decision on whether there is union
r not from radiographs remains subjective and prone to observer
ias. We  aimed to minimize bias and imprecision by having two

ndependent observers. Furthermore, the time in hospital due to
rthopaedic trauma may  be over-reported as patients might have
een treated for non-orthopaedic injuries in other trauma wards
rior or after admission to the orthopaedic wards. This is not dis-
layed in our admission system. With respect to complication rate,
oor follow-up, missing data and the small sample size decrease
he statistical and clinical power to identify risk factors associated
ith such events.

. Conclusions

Most upper limb fractures due to gunshot trauma were managed
onservatively with low rates of reoperation, death and a sepsis rate
f 10%. This strategy suits a setting with limited access to operat-

ng facilities or implants. Prospective studies with planned fixed
nterval follow-up appointment are required to adequately evalu-
te radiographic and clinical outcomes of upper extremity gunshot
njuries.
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