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Abstract

Background: In gunshot and shell fragment injuries to the hip joint, orthopedic intervention includes wound
assessment and care, osteosynthesis of fractures, and avoiding of infection and osteoarthritis. Individuals injured in
the Syrian civil war were frequently transferred to the authors’ institution in neighboring city. Orthopedic trauma
exposures were determined in approximately 30% of these patients. The aim of this study was to evaluate the
outcomes of the patients with secondary hip arthritis due to prior gunshot and shell fragment (shrapnel) injuries
who underwent primary total hip arthroplasty.

Methods: This retrospective study reviewed 26 patients (24 males, 2 females) who underwent hip arthroplasty due
to prior gunshot and shell fragment injuries from November 2013 to January 2019. For all patients, the Harris Hip
Score (HHS) was evaluated preoperatively and after surgery.

Results: Mean age was 31.5 (range, 19–48) years. The mean preoperative HHS was 52.95 points, and the mean
postoperative HHS was 79.92 points at the final follow-up after surgery. Patients with shell fragment injuries to the
hip joint had higher infection rates, but it is not statistically significant.

Conclusions: An anatomic reduction of the fracture may not be possible in these cases as a result of significant
bone and/or cartilage loss. Total hip arthroplasty can be done after gunshot- and shell fragment-related posttraumatic
arthritis. It is an effective treatment choice to reduce pain and improve function, but the surgeon must be very careful
because of high rate of infection.
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Background
Gunshot wounds to the hip joint constitute 2% of all
extremity and 4% of lower extremity injuries. If nonarti-
cular wounds to the hip area are included, these percent-
ages increase to 9% and 17%, respectively [1]. Due to the
social and medical problems associated with civilian war,
millions of refugees had to immigrate to the neighboring
countries [2]. Until March 2016, it has been estimated
that the total number of recorded and unrecorded

refugees reached 2.7 million in our country [3]. Individ-
uals injured in the Syrian civil war were frequently trans-
ferred to the authors’ institution in neighboring city.
Most of the cases admitted to general surgery depart-
ment, division of neurosurgery, and department of or-
thopedics of the same hospital [4, 5]. Orthopedic trauma
exposures were determined in approximately 30% of
these patients [6]. Between 2011 and 2019, 10,006 cases
were treated in the department of orthopedics. Of these,
276 adult patients had hip joint injury.
Shell fragments are different shapes and sizes of high-

energy fragments and cause extensive tissue destruction.
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They are different from bullets that produce high-energy
transfer to the tissue by creating a temporary cavitation
[7]. While the number of gunshot and shell fragment
wounds increases, orthopedic surgeons are experienced
with more penetrating musculoskeletal injuries. Ortho-
pedic intervention includes wound assessment and care,
osteosynthesis of fractures, and avoiding of infection and
osteoarthritis. Other considerations include penetration
of abdominal organs, retained intraarticular fragments,
spinal canal involvement, and vascular injury. In the
non-symptomatic patient, bullets and shell fragments
can be left in place. In the bone and soft tissue, the
retained fragments are surrounded by fibrotic avascular
scar tissue preventing lead dissolution and migration [8].
However, the literature has documented some cases of
systemic lead intoxication in patients whose bullets are
in contact with synovial and cerebrospinal fluid [9]. A
bullet that passes into the hip joint rarely causes an in-
fection, but a transabdominal trajectory that subse-
quently enters the hip joint indicates a high risk for
infection after total hip arthroplasty [10].
If the function of the hip joint cannot be reestablished,

the effective solutions are either arthrodesis or total joint
replacement. The purpose of this study was to evaluate
the outcomes and complications associated with total
hip arthroplasty in 26 patients with secondary arthritis
due to prior gunshot and shell fragment injuries.

Materials and methods
This retrospective study was approved by the local ethics
committee of the hospital. Informed consent was ob-
tained from all patients before the start of study.
Twenty-six patients treated in a single center between
November 2013 and January 2019 were reviewed (24
males, 2 females). Patients were divided into 2 groups:
group 1, patients with gunshot (bullet) injury (14 pa-
tients), and group 2, patients injured with shell fragment
(12 patients). Exclusion criteria were extensive soft tissue
injury around the hip, total neurologic deficit, patients
with incomplete medical records or who were lost dur-
ing follow-up, and open fractures associated with arterial
injury requiring vascular repair. Patient demographics
are shown in Table 1. Previous interventions for joint in-
jury before total hip arthroplasty (Fig. 1) and preopera-
tive and postoperative Harris Hip Score (HHS) are
shown in Table 2. Acute orthopedic treatment included
wound evaluation and care, tetanus prophylaxis, and a
minimum of 72 h of prophylactic intravenous antibiotics.
Gentamycin, metronidazole, and cefazolin were used in
all cases in acute phase of injury.

Statistical analysis
All statistical analysis was performed with IBM SPSS
Statistics for Windows, version 21.0 (IBM Corp., USA).

The preoperative and postoperative HHS, age, and sex
distribution were tested for statistical significance be-
tween the two groups with the Mann-Whitney U test.
Wilcoxon’s test was used both to compare the difference
of preoperative HHS and postoperative HHS among all
patients (26 patients) and to compare the preoperative
and postoperative HHS of the two groups among them-
selves. Infection rates between the two groups and infec-
tion associated with intraarticular fragment were tested
with chi-square test or Fisher’s exact test. A P value of
less than 0.05 (P < 0.05) was considered statistically
significant.

Surgical management
Hip arthroplasty was performed for patients who devel-
oped osteoarthritis due to gunshot or shell fragment in-
jury and with no sign of infection (Figs. 2 and 3). All
patients were treated by two orthopedic senior surgeons
via posterolateral approach. Cementless femoral and ace-
tabular components were used for the total joint arthro-
plasty (Zimmer Biomet, Warsaw, IN, USA). Cefazolin
was used for prophylaxis and continued postoperatively
until the drain was removed about 48 h. Low molecular
weight heparin was administered for 4 weeks. Patients
were allowed for partial weight-bearing within the first
24 h after surgery. After 4 weeks, patients were permitted
for full weight-bearing. The patients were discharged
about 4–6 days postoperatively if there was no wound
problem. When there was prolonged wound drainage,

Table 1 Patient demographics

Parameter Value

Number of patients 26

Number of hips 26

Age (years) 31.5 (19–48)

Male patients 24 (92.3%)

Female patients 2 (7.6%)

Velocity

High velocity 14 (53.8%)

Shell fragment 12 (46.1%)

Side

Right 12 (46.1%)

Left 14 (53.8%)

Revision total hip prosthesis 5 (19.23%)

Dislocation of prosthesis 1 (3.84%)

Infection (bullet) 2 (14.3%)

Infection (shell fragment) 4 (33.3%)

Total infection rate 6 (23%)

The average time from injury
to arthroplasty

15.7 months (6–48 months)

Mean follow-up 47.2 months (12–85 months)
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Fig. 1 A 33-year-old male patient with right intertrochanteric fracture and classified as group 2 (shell fragment). a Dynamic hip screw was used
for the treatment of fracture. b After 15 months, total hip arthroplasty was performed due to pseudoarthrosis and hip osteoarthritis

Table 2 Previous interventions of hip joint injury before total hip arthroplasty and HHSs of patients before and after surgery

Patient Age Group Preoperative surgery Skeletal surgery Preoperative HHS Postoperative HHS

1 21 1 External fixation Pertrochanteric 41.95 82

2 35 1 Debridement Femoral neck 63.95 91.5

3 19 2 Debridement Acetabulum 52.7 84.8

4 35 2 Internal fixation Pertrochanteric 52.45 75.5

5 35 1 Debridement Acetabulum, femoral head 29.25 73.7

6 33 2 Internal fixation Femoral neck 51.25 79.8

7 31 2 Debridement Femoral head and neck 51.7 63.9

8 42 2 Internal fixation Femoral neck 62.95 94

9 34 2 Debridement Femoral head and neck 65.95 70

10 27 1 External fixation Pertrochanteric, femoral head 71.95 72.5

11 24 1 Debridement Acetabulum, femoral head 45.95 79

12 27 1 Debridement Femoral neck 58.95 75

13 42 2 Debridement Acetabulum, femoral head 46.6 83.7

14 21 2 Debridement Acetabulum 64.2 94

15 32 2 Debridement Acetabulum, femoral neck 49.7 81.3

16 42 2 Debridement Acetabulum 60.7 84

17 29 1 Debridement Acetabulum, femoral neck 39.65 77.8

18 28 1 Debridement Acetabulum, femoral head 41.95 75.8

19 24 2 Debridement Femoral head and neck 31.1 46.8

20 27 1 Debridement Femoral head and neck 52.7 88.7

21 41 1 Debridement Femoral neck 50.9 82.6

22 24 1 Debridement Acetabulum 50.9 92.6

23 31 1 Internal fixation Acetabulum 44.5 84.8

24 39 1 Debridement Femoral neck 56.7 89

25 48 1 Internal fixation Pertrochanteric, femoral neck 72.95 85.85

26 29 2 Debridement Acetabulum 60.95 69.5
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discharge was delayed to about 7–10 days. Pelvis an-
teroposterior view was taken immediately after sur-
gery, 45 days, and 3, 6, and 12 months at each follow-
up examination. Nonroutine radiographic analysis was
performed as a result of a change in the clinical con-
dition and laboratory tests of the patient. In patients
with intraarticular or even extraarticular bullet frag-
ments that could not be removed, we took care for
lead intoxication (Figs. 4 and 5). Patients were
assessed according to functional outcome using HHS
[11], prosthesis infection, and infection related with
intraarticular fragment.

Results
The average time from initial injury to total hip arthro-
plasty was 15.7 months (range, 6–48months). Patients
were those with a minimum of 1 year postsurgery with a
mean follow-up of 47.2 months (range, 12–85months).
The mean age of the patients at the time of surgery was
31.5 years (range, 19–48 years). The mean preoperative
HHS was 52.95 points (range, 29.25–72.95 points) and
79.92 points (range, 46.8–94 points) after total hip
arthroplasty among all patients at the final follow-up.
The mean preoperative and postoperative HHS in group
1 was 51.91 points (range, 29.25–72.95 points) and 82.20

Fig. 2 A 35-year-old male patient. Patient was classified as group 1 (bullet). a Right femoral neck fracture. b Total hip arthroplasty was performed
and bullet was removed

Fig. 3 A 19-year-old female patient. Left acetabular fracture and classified as group 2 (shell fragment). a Anteroposterior radiograph of the pelvis.
b Shell fragments were removed. c Nine months later, arthroplasty was performed
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points (range, 72.5–92.6 points), respectively (Fig. 6).
The mean preoperative HHS was 54.18 points (range,
31.10–65.95 points), and postoperative HHS was 77.27
points (range, 46.8–94 points) in group 2 (Fig. 7). Mean
preoperative and postoperative HHS is shown in Table 3.
No evidence of lead toxicity was detected in any of the pa-
tients during follow-up. Two of the 14 patients (14.3%) in-
jured with bullet and 4 of the 12 patients (33.3%) with
shell fragment injury had postoperative infection. The
total infection rate was 23% (in 26 patients). Resection
arthroplasty was done to one patient in group 2. In the
other five patients, prosthesis was removed and antibiotic-
loaded cement spacer was placed, and when there was no
sign of infection, revision total hip prosthesis was per-
formed. In one patient in whom dislocation occurred after
arthroplasty, closed reduction was performed successfully.
There was no statistically significant difference accord-

ing to age, sex, preoperative HHS (P = 0.354), and post-
operative HHS (P = 0.396) between the two groups.
There was a statistically significant difference between
preoperative HHS and postoperative HHS in total group
(P < 0.001). Also, the two groups were compared among
themselves and postoperative HHS was significantly dif-
ferent from preoperative HHS in group 1 (P = 0.001)
and group 2 (P = 0,002) (Table 3). Infection rates

between the two groups were not statistically different
(P = 0.365). There was 1 patient with intraarticular frag-
ment in group 1, and there were 5 patients in group 2.
These fragments were removed at initial surgery. None
of the patients was infected, so intraarticular fragments
were not associated with high risk of infection after total
hip arthroplasty (P = 0.280).

Discussion
To our knowledge, there is a paucity of analogous stud-
ies which have been done on the hip. Although the clas-
sification, treatment, and complications of hip fractures
in blunt trauma are well known, there is limited infor-
mation on gunshot and shrapnel injuries. An anatomic
reduction of the fracture may not be possible in these
cases as a result of significant bone and/or cartilage loss.
In these cases, primary stabilization of the fracture site is
attempted rather than an anatomic reconstruction of the
joint to prevent further complications such as secondary
displacement or pseudarthrosis.
Firstly, an anteroposterior radiograph of the pelvis is

needed to analyze bone and joint involvement, and pel-
vic instability [12]. Gunshot and shell fragment wounds
to the pelvis require special attention because of the vital
anatomy with in the pelvis. Bladder, urinary tract, and

Fig. 4 A 35-year-old male patient. Right acetabular fracture. No internal fixation was performed and classified as group 1 (bullet). a Six months
after initial injury, there was severe hip osteoarthritis. b After 13 months, total hip arthroplasty was performed. c, d Computerized axial and
sagittal tomography scan of the hip, showing the bullet around the trochanter minor. Bullet was not removed because of difficulty in finding the
bullet and other risks of surgical intervention
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Fig. 5 A 20-year-old male patient. a Left acetabular fracture and classified as group 2 (shell fragment). b After 8 months, total hip arthroplasty
was performed. c, d Computerized axial and sagittal tomography scan of the hip, showing shell fragment in the hip joint

Fig. 6 Preoperative mean HHSs of the groups Fig. 7 Postoperative mean HHSs of the groups
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bowel injuries must be aggressively investigated. At the
time of presentation, injury to vital structures may lead
to associated morbidity and mortality; hence, these
patients should be treated in a multispecialty center [12].
After a treatment plan has been made for life-
threatening conditions, a detailed orthopedic evaluation
is essential. Most of the combat injuries are penetrative,
and most are caused by fragments from explosive muni-
tions rather than by bullets fired by military arms [13].
In shrapnel injuries, there may be multiple small frag-
ments which are varying in size and can be easily over-
looked. Twelve patients evaluated in the current study
were injured with shell fragment.
In the acute period, arthrodesis or arthroplasty is not

recommended. After hip joint injury, open reduction
and internal fixation are advised for fracture treatment
[6]. Arthroplasty should be done under elective condi-
tions because of the risk of infection. In the present
study, hip arthroplasty was performed in the chronic
period after hip joint gunshot and shell fragment injuries
as in previous studies [10, 14, 15].
In patients with posttraumatic arthritis which occurred

after gunshot wounds, surgery is more difficult than pri-
mary total hip arthroplasty [14]. An initial open reduc-
tion for acetabular fracture may compromise the
outcome of a subsequent total hip arthroplasty by dis-
turbing the blood supply of the acetabulum and by initi-
ating the development of heterotopic bone, dense scar
tissue, and ischemic muscle or bone. In addition, ana-
tomical change or defect of the acetabulum and previous
fixation devices may be a problem [16, 17].
A wound that contains splits in the skin but has small

skin loss can be closed without more extensive skin
grafting or flap coverage. The majority of patients with
low velocity gunshot wounds, uncontaminated injuries
of skin, and fractures not requiring operative stabilization
can be safely treated nonoperatively with superficial irriga-
tion and cleaning of wound followed by a dressing, with
or without antibiotics and outpatient treatment. In more
extensive wounds with skin loss, first treatment should be
managed in the operating room. Longitudinal incisions of
the skin and fascia should be done to reduce pressure, re-
move the debris and hematoma, and expose the under-
lying muscle. Surgical removal of skin infrequently is
indicated for the initial surgery, other than removing ir-
regular margins of the entrance and exit wounds [18, 19].

Contaminated high-velocity gunshot injuries are indica-
tions for more aggressive and multiple surgical debride-
ments and administration of prophylactic antibiotics [20].
Negative pressure dressings can be used for the primary
management of more extensive wounds to reduce the size
of the defect needing coverage [21].
Relatively minimal skeletal muscle necrosis occurred if

the blood circulation is intact. Excision has been sug-
gested for skeletal muscle that would not survive. For
wounds in which there is a simple perforation of the
limb, there is a small rim of devitalized cell. The wound
tract will heal without any problem if permitted to drain.
For wounds in which there is more extensive skeletal
muscle damage, a comprehensive exploration of the
wound is warranted [19].
Compartment syndrome has been shown related with

gunshot wounds [22, 23]. The amount of swelling in a
compartment after a gunshot wound may range from
minimal to involvement of the whole compartment. In-
volvement of the entire compartment is uncommon but
can arise when patients have extensive soft tissue and
vascular injury or injury causing ischemia. Patients with
a big hematoma, vascular injury, or extensive swelling at
first evaluation are candidates for more aggressive
surgical procedure [19].
Bullets do not become sterile after friction and heating

in the barrel. Patzakis et al. [24] divided 310 cases with
open fractures into three groups. Seventy-eight caused
by gunshot wounds. Four of 78 wounds became infected;
1 of them was osteomyelitis. The authors assigned the
infection to severity of injury in 3 of the patients who
had shotgun wounds with severe soft tissue injury. A
fourth infection was in the no-antibiotic group. Neviaser
and Clawson [25] reported that initial focus on the ab-
dominal injury with neglect of associated acetabular
fractures can lead to delayed diagnosis of the hip
involvement, which finally leads to septic arthritis and
joint destruction. If an infected nonunion or malunion
was present with resorption of the femoral head, an
antibiotic spacer should be needed before total hip
arthroplasty.
Heterotopic ossification can occur after pelvic and hip

trauma. The prevalence of heterotopic ossification in
war wounded patients is higher than in civilian trauma.
A substantial portion of wartime soft tissue trauma oc-
curs at the time of injury, and additional soft tissue

Table 3 Mean preoperative and postoperative HHS of patients and P values

Group Mean preoperative HHS (min–max) Mean postoperative HHS (min–max) P value

Group 1 51.91 (29.25–72.95) 82.20 (72.50–92.60) P = 0.001*

Group 2 54.10 (31.1–65.95) 77.20 (46.80–94) P = 0.002*

Group 1 + group 2 52.96 (29.25–72.95) 79.92 (46.80–94) P < 0.001*

*Wilcoxon’s test
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trauma in the form of multiple surgical debridements as
well as muscle dissection during internal fixation of the
fracture may result in a higher degree of muscle damage
and may cause an increased frequency of heterotopic os-
sification [26]. Conversion to total hip arthroplasty may
be more difficult.
If the abductor muscle length is not preserved due to

fracture of the femoral neck and displacement of the tro-
chanter, femoral shortening is necessary [10]. Shortening
of the femur is important to be able to reduce the risk of
damaging neurovascular structures due to extreme limb
lengthening. Also, reduction of the femoral head into
the true acetabulum remains demanding without short-
ening the femur [27].
Transabdominal gunshot wounds of the pelvis and hip

are those that traverse the abdomen before entering the
pelvis or hip. The orthopedic treatment of patients with
transabdominal injuries remains more controversial. For
transabdominal gunshot injuries including the hip joint,
algorithms were reported suggesting immediate irrigation
and debridement with antibiotic treatment [28]. In study
patients treated with arthroplasty following a gunshot in-
jury to the hip joint, those contaminated with intestinal
flora had worst Harris Hip Score. Very high infection rates
were seen in patients with accompanying intestinal injury
[10]. Bullet may be a source for infection and thereby war-
rant operative debridement and bullet removal [29, 30].
Conversely, it was reported that gunshot wounds to the
pelvis and spine with associated abdominal organ trauma
do not warrant operative debridement of fractures and
bullet paths, or bullet removal. Parenteral antibiotics are
sufficient treatment [31–33]. In addition, it is reported
that the rate of infection is directly related to the treat-
ment of the abdominal injury and not to the debridement
of the tract, fracture, or bullet removal [34, 35]. Transpel-
vic bullets that traverse the urinary bladder require uro-
logic management to avoid infection or fistula formation.
When an associated injury to the femoral artery is sus-
pected, an arteriogram is indicated. If a vascular injury is
present, an emergent repair or bypass is necessary. Mor-
tality is more common when vascular injuries were com-
bined with rectal injuries [36]. In the current study, there
was only one patient with intestinal injury and infection
did not occur after arthroplasty.
Rhee and Martin [37] advised that removal of foreign

body is indicated when symptomatic in soft tissue and all
penetrated hips be explored to remove possible foreign
bodies. Long et al. [38] recommended arthrotomy for en-
tire patients with high-energy injuries and hip penetration,
intraarticular fractures entailing internal fixation, and
retained articular bullets or fragments; however, in pa-
tients with low-energy wounds with hip penetration with-
out articular bullets or fragments and without requiring
internal fixation, arthrotomy is not necessary.

At our institution, the first step was always wound irri-
gation and debridement to minimize the risk of infec-
tion. In the current study, all patients with gunshot
wounds had high-velocity injuries. Triple prophylactic
antibiotics were administered routinely for all gunshot
and shell fragment injuries. If it was possible, retained
fragment was removed. In our study, in 22 cases, surgi-
cal debridement was performed once while the other 4
patients needed multiple debridements. There are re-
ports of arthroscopic removal of fragments from the
joints [39, 40]. The minimally invasive approach may de-
crease the morbidity associated with muscle and soft tis-
sue dissection; however, it marginally increased
operative times and the possibility of compartment syn-
drome resulting from leakage of irrigation fluid, through
capsular and fascial defects into the muscular compart-
ments. Authors have no experience with this technique.
The mechanism of joint destruction is the motion of

irregular joint surfaces that may be formed after the ini-
tial injury, joint sepsis, lead arthropathy, foreign body re-
action, synovitis, the presence of intraarticular small
pieces of bone and cartilage, and metallic fragments into
the joint. Shell fragments can do the same things as bul-
lets. Exposure of a bullet to synovial fluid may lead to
dissolution of the leaded fragments due to the presence
of hyaluronic acid and the low pH of synovial fluid.
Thus, patients with intraarticular fragments require re-
moval because they may lead to mechanical abrasion
and joint destruction [20, 37, 41–44].
Naziri et al. [14] compared the patients who under-

went primary total hip arthroplasty for degenerative joint
disease and secondary arthritis due to prior gunshot
wound injuries and found similar results in the two
groups. In another study, 4 patients who developed post-
traumatic arthritis from gunshot injuries to their hips
underwent successful total hip arthroplasty without
complications [15]. Unlike previous studies, in the
current study, infection rates were high and about 23%
of the cases, although in our study there is no control
group. When compared with literature, infection rates
were high according to primary total hip arthroplasty. It
was stated that infection rates after primary total hip re-
placement surgery vary from 0.4 to 1.4%, with most
infections occurring during the first year [45–48].
There are limitations of the present study. First, the

study design was retrospective without a control group;
second, the number of patients was small; there were
more patients about 51 cases, but these patients had in-
complete medical records or were lost during follow-up.
If all of the patients were enrolled in the study, the result
could be different.
In this small series of patients, the authors have shown

that failed attempts to treat these patients operatively or
nonoperatively can be addressed with total hip
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arthroplasty to reduce pain and improve function and
range of motion at mid-term follow-up. It is an effective
treatment choice to reduce pain and improve function,
but the surgeon must be very careful because of high
rate of infection. Further studies with longer follow-up
are needed.
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