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a b s t r a c t

Periprosthetic hip fractures are a common cause for revision. To date, however, there are no reports of
periprosthetic fractures (PFs) in total hip arthroplasty caused by ballistic injury (BI). There are no current
recommendations on the management of this pathology in the literature. The objective of this paper is to
report on 2 successfully treated cases of PF caused by BIs. Additionally, a brief review of the literature
regarding open fracture secondary to BIs is carried out. What we consider appropriate initial and
definitive management for these patients is outlined. According to our clinical results and current evi-
dence, adequate management for a BI Vancouver B1 femoral PF consists of early antibiotic therapy,
surgical debridement, osteosynthesis with variable angle locking plate, structural allograft, cerclage
wires, and negative pressure wound therapy.
© 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Periprosthetic fractures (PF) are a rising cause of total hip
arthroplasty (THA) revision. National joint registries from the
United States and United Kingdom showed that PFs accounted for
14%-20% of all revision indications, respectively [1,2]. Despite this,
ballistic periprosthetic fractures (B-PFs) have not been previously
reported. Their optimal treatment is as complex a challenge as it is
unknown. Since there is no evidence or direct recommendation on
B-PF, we must extrapolate their treatment from existing evidence
on ballistic injuries (BIs) causing open fractures combined with
conventional treatment of PFs. An evaluation must be carried out in
the emergency room to categorize these injuries and thus approach
them systematically. The initial orthopedic team management
should be similar to an open fracture: irrigation and debridement,
external or definitive fixation depending on injury type, and
infection prevention [3,4].
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No reports on management, infection prognosis, nonunion, or
aseptic loosening in the B-PF context are available. This article's
main objective is to offer a perspective on management of a B-PF by
extrapolating the existing literature on gunshot fractures and PFs to
this scenario. We report 2 cases of patients with B-PF successfully
treated with open reduction and internal fixation.
Case histories

The Consensus-based Clinical Case Reporting Guideline Devel-
opment was used. Two case reports are presented, approved by our
hospital’s ethics committee.
Case 1
A 33-year-old male patient with multiple social conflicts and no

medical history presented to the emergency room due to a BI in the
inguinal region. A fracture of the left femoral head and neck was
diagnosed and initially treated with debridement and removal of
bullet fragments. During initial hospitalization, the patient received
48 hours of antibiotic treatment with first-generation cephalo-
sporins and gentamicin. However, without further treatment, the
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Figure 1. Preoperative pelvis anteroposterior (a) and left hip cross-table (b) radiographs two years after first ballistic surgery.
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patient voluntarily left the hospital and did not attend any medical
check-ups for at least 2 years, receiving no further treatment.

Two years later, he presented to the outpatient clinic com-
plaining of left hip pain. Initial study with radiographs (Fig. 1a and
b) and a computed tomography scan (CT) (Fig. 2a and b) showed
avascular necrosis of the femoral head and nonunion of the femoral
neck fracture. Laboratory studies showed normal complete blood
count, C-reactive protein (CRP) and erythrocyte sedimentation rate
(ESR). An ultrasound study was performed to find puncturable fluid
and rule out infection, but no fluid was found and 2 cultures of
tissue were obtained with no pathogen growth.

After a thorough preoperative work-up, a cementless left THA
(Fig. 3) was performed using a Corail stem and Pinnacle acetabular
cup (Depuy Synthes, Raynham, MA) through a posterior approach.
According to hospital protocols, the patient was discharged 48
hours after surgery with a satisfactory postoperative x-ray. The
patient received follow-up at three- and 6-weeks post op with
weight-bearing as tolerated and no daily living restrictions. He
received no x-ray imaging in this period. Three months after THA,
the patient arrived at the emergency roomwith multiple BIs in his
anterior proximal right thigh, anterior proximal left thigh, right leg
and abdomen. He was admitted with multiple diagnoses: open
right subtrochanteric fracture, open PF with a well-fixed femoral
component (Vancouver B1), open right tibia fracture, and abdom-
inal injury with involvement of the small intestine and sigmoid
Figure 2. Preoperative (a) axial and (b) coronal images of CT scan two years after first ballis
femoral head (red arrow). CT, computed tomography.
colon but no injury continuity with his left hip. Physical exam
showed no neurovascular compromise whatsoever. Initial emer-
gent surgery was performed with resection of the compromised
intestine and colostomy. Both femoral fractures and right leg were
treated with irrigation and debridement plus external fixation
(Fig. 4) in addition to intravenous antibiotic treatment with 2 g of
cefazolin, 160 mg of gentamicin and 500 mg of metronidazole. Pin
placement for external fixation was decided to give as much sta-
bility as possible, so a supra-acetabular pin was placed bilaterally
and two pins placed in each femur. These were connected with
carbon bars in a quadrangular fashion to enhance stability.

Seven days later, fixation of the right subtrochanteric fracture
was performed with a cephalomedullary nail and open reduction
internal fixation of the left PF. Infection at that time was not a
concern as the patient had been initially well treated with irriga-
tion, debridement, and antibiotics. The patient was positioned in a
supine position on a radiolucent table. A 4.5/5.0 LCP Condylar Plate
(Depuy Synthes, Raynham, MA) was used in an inverted manner.
Anteromedial cortical strut allograft was used over the bone defect
and fixed with proximal wires. Finally, the plate was fixed distally
with one cortical and three locking screws and fixed proximally
with 5 variable angle monocortical locking screws directed ante-
riorly and posteriorly, avoiding the femoral stem (Fig. 5) [5].

Wound closure was performed in a standard fashion and com-
plemented with full sponge incisional negative pressure wound
tic injury showing femoral neck nonunion (white arrow) and avascular necrosis of the



Figure 3. Postoperative anteroposterior pelvis radiograph of uncemented THA. THA,
total hip arthroplasty.

Figure 4. Postoperative anteroposterior radiograph shows external supraacetabular
fixation. Right subtrochanteric fracture and left periprosthetic fracture with an
apparently stable femoral stem.
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therapy. This was maintained during his entire stay. The patient
progressed favorably with no wound complications during his
hospital stay. He was discharged with oral 1st generation cepha-
losporin for 7 days as extended oral antibiotics protocol. Noweight-
bearing was allowed for 8 weeks. After 8 weeks, the patient was
instructed to bear weight as tolerated on the right lower extremity
and toe-touch weight-bearing on the left lower extremity. In week
twelve, weight-bearing as tolerated was authorized. Serial blood
tests were performed with CRP and ESR, which were always within
normal range. Complete bone union was obtained at 5 months for
the right subtrochanteric fracture and at 11 months for the left PF
(Fig. 6). Until the last follow-up at 11 months, there were no
unanticipated or adverse events. The patient reported a favorable
result, as he was able to maintain a normal gait for long periods of
time. Final CT scan to confirm bone union was unobtainable as the
patient died due to nonmedical causes in a social conflict. A time-
line of the patient’s events is summarized in Figure 7.
Case 2
A 62-year-old man with a history of type 2 diabetes, hyperten-

sion, obesity, and a primary left THA of an undetermined number of
years presented to the emergency roomwith a BI to his left anterior
thigh and abdomen. The patient was diagnosed with a Vancouver
B1 left B-PF with massive distal bone comminution (Fig. 8) and
intestinal perforation.

Initial management in the ER included irrigation and debride-
ment, external fixation of the femur fracture and systemic anti-
biotic therapy with cefazolin 2g, gentamicin 240 mg, and
metronidazole 500 mg. No x-rays were obtained to confirm
adequate positioning of external fixation in the femur. However,
satisfactory supra-acetabular fixationwas confirmed with a CT scan
of the abdomen and pelvis requested by the general surgeon. The
general surgeon performed a contained laparotomy for the initial
management of his abdominal trauma. Seventy-2 hours after
admission and emergency surgery, the patient underwent
definitive osteosynthesis. Initially, the proximal fragment was
reduced and stabilized with 1.0 mmwires. A cortical strut allograft
was placed for augmentation on the medial zone bone defect and
fixed with 1.0mm wires in order to “assemble the tube” prior to
definitive fixation.

Finally, the 4.5/5.0 LCP Condylar Plate (Depuy Synthes, Rayn-
ham, MA) was molded to accommodate the proximal femur
approximated with a distal cortical screw, then fixed to the femur
with 6 distal locking screws and 3 proximal 1.7-mmwires. Fixation
was supplemented proximally with 2 variable angle locking screws
(Fig. 9).

During the hospital stay, a full sponge incisional negative pres-
sure wound therapy dressing was used. This was maintained dur-
ing his entire stay. He was discharged with oral 1st generation
cephalosporin for 7 days as extended oral antibiotics protocol. Toe-
touch weight bearing was allowed for the first 8 weeks, with no
surgical wound complications whatsoever. Serial blood tests
showed a progressive decline in ESR and CRP. Radiographic controls
showed no loss of fixation or signs of complication. At 3 months
postoperatively, the patient successfully tolerated 50% weight
bearing, pain-free (Fig. 10) with no evidence of infection on labo-
ratory exams or physical examination.

The patient died during his fourth postoperative month in a car
accident. Until the last follow-up, there were no unanticipated or
adverse events related to surgery. A timeline of the patient’s events
is summarized in Figure 11.

Discussion

There are no guidelines in literature about B-PF regarding their
treatment or follow-up. As far as the authors are concerned, these
are the first B-PF cases reported in literature to date, and as such,
the first reported treatment proposal.

In nonmilitary settings, BIs are typically considered low en-
ergy [6] and generally do not require immediate surgery. In
contrast, high-velocity gunshot wounds cause extensive soft
tissue damage, often necessitating surgery for irrigation and
debridement of necrotic tissue. However, definitive



Figure 5. (a) Postoperative anteroposterior and (b) oblique proximal femur radiographs show fixation, as described. Note the unicortical screws proximally.
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categorization of a gunshot fracture remains elusive. Each patient
and injury must undergo individual analysis due to varying
characteristics contributing to different energy levels [3]. The
available evidence on irrigation and debridement in low-velocity
firearm injuries is not conclusive enough to make either decision
[6]. Given the uncertainty in determining the low- or high-
velocity nature of the BIs in both patients, the authors opted
Figure 6. Postoperative (a) anteroposterior and (b) obli
for a precautionary approach, incorporating irrigation and
debridement into the management.

Some authors support the nonadministration of antibiotics in
low-energy BI fractures [7]. However, contact with clothing and
skin can colonize the affected area. Also, subjects may deliberately
contaminate bullets with fecal matter and other external sub-
stances before loading them into firearms, with the intent of
que proximal femur radiographs show bone union.



Figure 7. First case: timeline of events and management until bone union.
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exacerbating injuries. This practice increases the risk of infection
and complicates medical treatment, leading to more severe out-
comes for gunshot victims. This gives us reasons to apply the initial
recommendation of using associated antibiotics for at least 72
hours in these types of injuries. Zhang et al. [8] reported 69 BI
fractures around the hip, with 61% receiving antibiotics. However, it
is unclear whether the remaining 39% did not receive antibiotics or
if the data were missing from the clinical records. No difference in
orthopedic surgery site infection rates, reported to be around 13%,
was observed between the 2 groups. Lastly, although infrequent but
to take into consideration, Pazarci et al. emphasizes the high risk of
infection especially when associated with contamination of the hip
joint through intestinal content [9] and even recommends these
patients to undergo antibiotic spacer prior to definitive THA. The
recommended antibiotic therapy is 1st generation cephalosporin,
gentamicin, and penicillin in given cases [10].

Firearm injuries may disrupt bone union through mechanisms
such as soft tissue damage, bone devitalization, focal necrosis, or
contamination, resulting in nonunion rates comparable to open
fractures of nonballistic origin [6]. When considering the possibility
Figure 8. Second case: CT scan scout showing bullet fragments around tip of femoral
stem and femoral comminution. CT, computed tomography.
of endosteal involvement in a cemented arthroplasty coupled with
stress related to the stem tip and stress shielding, the risk of
osteosynthesis failure becomes a critical concern [11,12].

Considering the high incidence of firearm related violence, an
almost 10% involvement of the hip and pelvis regionwould logically
and easily explain the possibility of a B-PF [13]. These injuries often
present with characteristic comminution and potential implant
failure. This is why we recommend cortical strut allografts as sup-
port for reduction, to cover and bypass bonedefects and increase the
stability of the construct [14-17]. Although other authors do not
routinely recommend them due to their potential for extensive soft
tissuedamage, longer surgical time, and consequent potential risk of
infection [18], we consider themvaluable tomaintain the reduction
and promote stability over the defects until union is achieved. The
use of dual plating has also been described with anteriorly based
plates to support lateral locking plates. In their study, Kubik et al [19]
reported 31 Vancouver type B1 or C fractures treated with dual
plating (second plate mostly anterior). They followed up on 26 and
obtained union for 24 of these, with only 2 patients requiring
reoperation to obtain union. They reported no cases of deep infec-
tion. Current evidence comparing both treatments is lacking. In
terms of proximal fixation regarding axial stiffness, there is biome-
chanical evidence that shows that bicortical locking screws are su-
perior to cerclagewires andmonocortical screws [20]. Furthermore,
other studies have documented successful outcomeswith the use of
reversed condylar locking plates for PF [21,22].

Both patients received negative pressure wound therapy. We
consider incisional negative pressure wound therapy crucial in B-
PF, as it has demonstrated efficacy in revision arthroplasty to
reduce infection rates and reoperation [23,24].

Discussion has risen over the last years looking for strategies to
reduce periprosthetic joint infections. One of these is extended
antibiotic therapy for high-risk patients. Studies have showed that
extended oral antibiotics decrease periprosthetic hip joint infection
at 3 and 12 months follow-up to 0.89% vs 2.64% in those who did
not receive antibiotic [25,26]. We considered our patients to be
high risk and therefore treated themwith extended oral antibiotics.

Delayed bone union occurred at 11 months in our first case,
which is consistent with findings reported by Kim et al [16]. The
prolonged time to union underscores the importance of balancing
biological healing with stability. Cases with compromised biolog-
ical integrity may necessitate prolonged time for union, empha-
sizing the significance of additional stability to alleviate implant
load and ensure successful union.

The level of evidence is inherently limited to the type of article.
We recognize the limitation in proposing a treatment for patients
with a B-PF only having 2 case reports. It is essential to achieve
longer follow-ups and more articles regarding this topic to be
published, as this can lead to a consensus regarding adequate
management for this kind of injury. However, given that to date
there are no reports on this subject and our positive outcomes so
far, we consider this treatment to be a very reasonable evidence-
based approach.



Figure 9. Postoperative anteroposterior (a) proximal and (b) distal left femur radiographs. Cortical alignment can be seen medially (white arrows) fixed with cables.
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Summary

Given the complexity of these injuries, we initially defined the
treatment as successful if the patients achieved infection-free bone
union. Accordingly, we report the outcomes of 2 B-PF cases. One
patient was successfully treated, while the other did not have suf-
ficient follow-up time to achieve bone union but remained free of
Figure 10. Postoperative anteroposterior (a) proximal and (b) distal left fem
infection at the latest follow-up. We propose using combined
antibiotic therapy initially, along with irrigation and debridement,
early open reduction internal fixation with cerclage wires and ca-
bles, and long locking plates with strut allografts for enhanced
stability if necessary. Negative pressure wound therapy after
closure and extended oral antibiotics upon discharge are also
recommended.
ur radiographs at 3 months. No signs of implant failure at that time.



Figure 11. Second case: timeline of events and management until last follow-up.
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