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Low-velocity ballistic pelvic fractures represent complex injuries that combine osseous
disruption with variable degrees of soft-tissue, visceral, and vascular involvement. In
civilian settings, these injuries are most commonly associated with low-velocity firearms
and carry a distinct risk profile compared with high-velocity ballistic trauma.
Complications include infection related to bowel contamination, septic shock, and
life-threatening hemorrhage. Optimal management requires a coordinated,
multidisciplinary approach and a clear understanding of indications for operative versus
nonoperative treatment. Contemporary literature supports short-course, broad-spectrum
antibiotic prophylaxis as an effective strategy for infection prevention in most
low-velocity injuries. Operative interventions, such as fecal diversion, debridement, and
washout, should be selectively employed, as aggressive surgical management may
increase infectious morbidity in otherwise stable patients. Removal of retained bullets is
generally unnecessary except in cases of intra-articular involvement, where extraction is
recommended to prevent lead toxicity. This Current Concepts Review synthesizes
available evidence on antibiotic strategies and surgical management of low-velocity
ballistic pelvic fractures and highlights critical gaps in the literature that warrant
higher-quality, prospective investigation.

INTRODUCTION However, substantial variability persists regarding the tim-
ing and extent of operative management, especially in he-

Low-velocity gunshot wounds (GSWs) to the pelvis consti- modynamically stable patients with low-velocity injuries.

tute a distinct subset of ballistic trauma characterized by Infectlous' complications, dee.p tissue morblfilty, and
heterogeneous injury patterns involving the pelvic ring, ac- overall functional outcomes remain critical endpoints when
etabulum, and adjacent soft tissues. These injuries are fre- evah_1at1ng trfeatmen.t s_trategles. With  firearm-related
quently accompanied by damage to the gastrointestinal, pelvic trauma increasing in many urban centers and the es-
genitourinary, or vascular systems, each of which intro- timated annual economic burden exceeding $16 billion, re-
duces distinct contamination pathways influencing or- ﬁnem.ent of ev¥dence-based management pathway§ 1s Im-
thopaedic management.l-2 The diagnostic and therapeutic perative.>-8 This Current Concepts Review summarizes the
complexity of these cases necessitates individualized, mul- ~contemporary literature on antibiotic use and surgical

tidisciplinary decision-making to minimize morbidity and management in low-velocity ballistic pelvic fractures, with
optimize outcomes. particular emphasis on infection risk and complication pro-

files, to inform clinical decision-making and identify prior-

Prophylactic antibiotic administration is widely accepted
ities for future research.

as an initial component of management, particularly in
the presence of open fractures or suspected hollow viscus
injury. Surgical intervention, including debridement,
washout, and fixation, may be indicated based on fracture
stability, degree of contamination, and patient physiology.
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REVIEW

INITTIAL MULTIDISCIPLINARY EVALUATION AND
DIAGNOSTIC WORKUP

Initial management of ballistic pelvic fractures centers on
rapid multidisciplinary assessment to identify associated
visceral or vascular injuries, as these findings directly influ-
ence orthopaedic decision-making. Hemodynamic stability
remains the primary determinant of early evaluation. Un-
stable patients require immediate hemorrhage control fol-
lowing Advanced Trauma Life Support principles, including
pelvic stabilization, resuscitation, and consideration of an-
gioembolization or operative exploration.?10

In hemodynamically stable patients, contrast-enhanced
computed tomography (CT) serves as the cornerstone of
evaluation. CT angiography is recommended when vascular
injury is suspected based on trajectory, expanding
hematoma, or contrast extravasation.? Assessment of gen-
itourinary injury includes CT cystography for suspected
bladder injury and retrograde urethrography when urethral
disruption is suspected, particularly in the presence of
blood at the urethral meatus or inability to void.11,12

Evaluation for hollow viscus injury relies on trajectory
analysis and CT imaging findings such as free air, bowel
wall thickening, or mesenteric injury. In equivocal cases,
diagnostic laparoscopy or exploratory laparotomy may be
required to establish the status of contamination.!3 Early
identification of bowel or urinary contamination is critical,
as these findings guide antibiotic selection, the need for di-
version procedures, and the timing of orthopedic interven-
tion.

Accordingly, management of low-velocity ballistic pelvic
fractures proceeds through a structured decision pathway
integrating physiologic status, injury trajectory, and associ-
ated organ injury, allowing stratification into operative ver-
sus nonoperative orthopaedic treatment strategies. [Figure
1, Table 1]

ANTIBIOTIC MANAGEMENT

Injury to the gastrointestinal tract and subsequent contam-
ination are the strongest predictors of infectious orthope-
dic complications in ballistic pelvic fractures.!4!5 As such,
antibiotic prophylaxis remains a cornerstone of manage-
ment. Multiple studies, including those by Nguyen et al.
and Marecek et al., have demonstrated that antibiotic ad-
ministration in low-velocity ballistic fractures is both com-
mon and effective in limiting infection.!6:17

Despite widespread use, no standardized protocol exists
regarding antibiotic selection or duration. A systematic re-
view by Dehne et al. concluded that short-course antibiotic
prophylaxis (£48-72 hours) is sufficient following abdom-
inal ballistic injuries.!8 Nguyen et al. similarly reported
no significant difference in infection rates between single-
dose and multidose regimens (12.5% vs 14.6%, respectively;
p = 1.00).1% Shorter courses (1-3 days) were not associated
with higher rates of osteomyelitis, meningitis, Clostrid-

ioides difficile infection, or multidrug-resistant organisms,
and resulted in comparable lengths of hospital stay.18

Antibiotic selection should be tailored to injury charac-
teristics. In the absence of bowel injury, broad-spectrum
intravenous agents, such as penicillin, first-generation
cephalosporins, or aminoglycosides, administered for 1-3
days are generally recommended.20-21 In patients requiring
operative intervention for gastrointestinal or significant
soft-tissue injury, third-generation cephalosporins are
commonly advocated for a similar duration.20-22 Adjunctive
measures, including tetanus prophylaxis, should be consid-
ered on a case-by-case basis.

OPERATIVE MANAGEMENT
FRACTURE FIXATION

Indications for orthopedic fixation are primarily dictated by
fracture stability. Based on Young-Burgess and Tile clas-
sification systems, most low-velocity ballistic pelvic frac-
tures are mechanically stable, as they typically spare the
pelvic ligaments and floor.23 Consistent with this observa-
tion, published series report a low incidence of fractures re-
quiring operative stabilization, with fixation most often re-
served for select acetabular injuries.!-3.21,24

DEBRIDEMENT & WASHOUT

The role of routine debridement and washout in preventing
infection remains controversial. Shannon et al. reported a
significantly lower infection rate among patients undergo-
ing irrigation and debridement compared with those man-
aged nonoperatively (8% vs 46%; p < 0.05), independent
of fecal contamination.25 In contrast, Nguyen et al. found
no protective benefit from surgical debridement, reporting
similar infection rates between nonoperative antibiotic
management (3.8%) and operative intervention (3.6%).16

Other studies suggest that aggressive surgical debride-
ment may increase the risk of infection. Watters et al. ob-
served comparable infection rates between patients who
underwent debridement and those who did not (7% vs
6%).13 In comparison, Sathiyakumar et al. demonstrated
substantially higher infection rates with extensive debride-
ment compared with superficial or no debridement (20.8%
vs 2.9%).22

Consensus emerges for selective debridement in cases
involving intra-articular penetration, extensive soft-tissue
destruction, vascular injury, or high-velocity mecha-
nisms.10.24 Therefore, differentiation between high- and
low-velocity injuries is a critical initial step in determining
the appropriateness of surgical washout.

FECAL DIVERSION

Fecal diversion has historically been employed to reduce in-
fection in open pelvic fractures, including ballistic injuries.
However, contemporary data suggest limited benefit in iso-
lated low-velocity ballistic pelvic fractures. Woods et al.
reported no reduction in abdominopelvic infectious com-
plications with diversion, although a potential benefit was
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Figure 1. Proposed Management Algorithm for Low-Velocity Ballistic Pelvic Fractures.

Table 1. Summary of Key Studies: Management of Low-Velocity Ballistic Pelvic Fractures

Study Study Type Key Outcomes

Miller et al., Transabdominal pelvic GSWs have 30-50% infection rate; require broad-spectrum antibiotics, bowel
2013 Clinical review evaluation, and possible colostomy; high morbidity and mortality

Banks et al., Retrospective Concurrent colon injury increases infection rate to 47% vs 12% without colon injury; prolonged

2024 cohort study antibiotic therapy (mean 8.5 days) required; higher sepsis rates

Nguyen et al., Retrospective Infection rate 4.9% in low-velocity intra-articular GSWs; joint involvement does not significantly increase
2017 cohort study infection risk; protocol-based management effective

Marecek et Significant variation in antibiotic choices and duration among surgeons; 85% use cefazolin; duration

al., 2016 Survey study ranges 1-7 days; need for evidence-based guidelines

Dehneet al., Retrospective Optimal antibiotic duration varies by injury complexity; mean duration 5.8 days; longer courses

2023 cohort study associated with decreased infection rates in complex injuries

Watters et Retrospective Limited role for debridement in low-velocity pelvic GSWs; infection rate 8.3%; mortality 4.2%; patient
al, 2011 cohort study factors more predictive than wound characteristics

Sathiyakumar Literature Wide variation in antibiotic duration (1-7 days) and debridement practices; evidence supports selective
etal., 2015 review approach based on wound contamination and patient factors

Rehman et Retrospective Fracture debridement not routinely necessary when bowel injury is adequately managed; infection rates
al., 2011 cohort study similar with/without fracture debridement (33% vs 29%)

Vaidyaetal.,, Retrospective Early mortality (24h) primarily from hemorrhage (86%); late mortality from multi-organ failure; overall
2016 cohort study mortality 7.2% with significant improvement over time

Lindenetal., Case series with Lead toxicity occurs in 0.5-1% of patients with retained bullets; risk factors include synovial location and
1982 literature review bullet fragmentation; treatment requires bullet removal and chelation therapy

noted in patients with extensive soft-tissue injury or pos-
terior wounds.2® Evidence from penetrating colorectal
trauma similarly supports a selective approach, demon-
strating comparable infectious outcomes between diverted

and non-diverted patients when injuries are appropriately
managed with debridement, antibiotic therapy, and source
control.27 These findings suggest that, in low-velocity bal-
listic pelvic fractures, fecal diversion should be individual-
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ized based on injury severity, degree of contamination, and
physiologic status rather than employed routinely.

GENITOURINARY INJURY

Genitourinary (GU) injury frequently accompanies ballistic
pelvic trauma and represents an underrecognized contrib-
utor to deep pelvic infection. Bladder and urethral injuries
may result in urinary extravasation into the pelvic soft tis-
sues, creating a contaminated environment that increases
the risk of osteomyelitis, hardware colonization, and
wound complications. 10,28

Evaluation of suspected GU injury is typically guided
by mechanism and clinical findings, with CT cystography
recommended for suspected bladder injury and retrograde
urethrography performed when urethral disruption is sus-
pected, particularly in the presence of blood at the urethral
meatus, pelvic fracture displacement, or inability to void.11
Early identification is critical, as unrecognized urine leak-
age may mimic or compound infection traditionally attrib-
uted to bowel contamination.

The urinary diversion strategy depends on the injury
pattern. Foley catheter drainage is generally sufficient for
uncomplicated extraperitoneal bladder injuries, whereas
suprapubic catheter placement is preferred in cases of ure-
thral injury, complex bladder disruption, or when pro-
longed diversion is anticipated.1112 From an orthopaedic
perspective, gross urinary contamination alone does not
universally mandate formal fracture debridement or
washout; however, operative irrigation may be considered
when significant extravasation coexists with open frac-
tures, retained foreign material, or planned internal fix-
ation. Management should therefore be individualized
through multidisciplinary coordination between trauma,
urology, and orthopaedic teams.

REMOVAL OF RETAINED BULLETS

There is broad agreement regarding indications for bullet
removal. Retained extra-articular bullets confer minimal
infectious risk, even in the presence of bowel injury, and do
not routinely require extraction.1020,21,23,24,29

In contrast, intra-articular bullets should be removed
to prevent lead toxicity. Radiographic identification of in-
tra-articular projectile fragments is essential for operative
planning. An example of a retained intra-articular bullet
is demonstrated on an AP pelvis radiograph [Figure 2],
with axial CT imaging confirming intra-articular localiza-
tion within the acetabulum [Figure 3].

Beyond systemic toxicity, retained intra-articular projec-
tiles may cause substantial mechanical damage to the joint.
Metallic fragments function as third-body abrasive parti-
cles within the synovial environment, accelerating articu-
lar cartilage wear and promoting rapid degenerative joint
changes. Repetitive joint motion facilitates fragmentation
and dispersion of metallic debris, resulting in synovitis,
chondrolysis, and early post-traumatic osteoarthritis, par-
ticularly in weight-bearing articulations such as the hip.
Accordingly, intra-articular bullet retention represents not
only a toxicologic concern but also a distinct orthopaedic
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Figure 2. Anteroposterior radiograph of the pelvis
showing a metallic projectile projecting over the left
acetabulum following a low-velocity pelvic gunshot
wound.

Radiographic identification of intra-articular bullet fragments is critical because re-
tained projectiles within the hip joint may lead to synovitis, lead arthropathy, and accel-
erated cartilage degeneration, necessitating surgical extraction. Radiograph from Ra-
diopaedia.30

indication for prompt surgical removal to preserve joint
integrity and long-term function.230-33 Surgical approach
depends on surgeon expertise, joint involvement, and asso-
ciated intra-articular pathology, with both arthroscopic and
open techniques described.23,20

COMPLICATIONS

Ballistic pelvic fractures are associated with a higher com-
plication burden than extremity ballistic injuries. While ex-
tremity GSWs carry infection rates of approximately
1.8%-3%,13:21.22 pelvic involvement substantially increases
risk due to bowel penetration and fecal contamination.16:
19 gystematic reviews report infection rates of 21%-40% in
ballistic pelvic fractures with bowel injury, compared with
markedly lower rates in the absence of visceral involve-
ment.1422,34 This increased morbidity is accompanied by
higher mortality, with pelvic ballistic trauma demonstrat-
ing a 32% relative increase compared with extremity in-
juries (10.6% vs 8%).35

Retained intra-articular lead projectiles may result in
plumbism, as lead becomes solubilized in synovial fluid and
systemically absorbed. Clinical manifestations include ane-
mia, abdominal pain, nephropathy, encephalopathy, neu-
ropathy, and degenerative arthritis.3!

Hemorrhage and shock represent additional life-threat-
ening complications. Although most pelvic bleeding is ve-
nous, arterial injury occurs in 10%-20% of cases and is
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Figure 3. Axial computed tomography image
confirming intra-articular placement of a ballistic
projectile within the acetabulum.

CT imaging is frequently required to accurately determine projectile location and assess
associated osseous injury, which guides orthopaedic decision-making regarding bullet
removal and operative management. Radiograph from Radiopaedia.30

associated with severe hemodynamic instability and in-
creased mortality.?

LIMITATIONS

The existing literature on ballistic pelvic fracture manage-
ment is constrained by the predominance of lower-level ev-
idence studies. A majority of the existing literature consists
of level III-1V studies, including case series and retrospec-
tive reviews, which inherently possess limitations in their
ability to establish definitive treatment protocols. The re-
liance on lower levels of evidence contributes to practice
variability and the absence of a standardized management.
The absence of randomized controlled trials and large
prospective cohorts underscores the need for higher-quality
evidence to establish standardized, evidence-based treat-
ment algorithms.

CONCLUSION

Low-velocity ballistic pelvic fractures pose unique infec-
tion-related and management challenges. Current evidence
supports short-course, broad-spectrum antibiotic prophy-
laxis tailored to the presence or absence of bowel injury.
Routine aggressive surgical debridement and fecal diver-
sion do not consistently reduce infection rates and should
be reserved for clearly defined indications, such as fracture
instability. Bullet removal is indicated for intra-articular re-
tention to prevent lead toxicity, while extra-articular bul-
lets may be safely observed. Given the predominance of
low-level evidence, well-designed prospective studies are
urgently needed to define optimal, standardized manage-
ment strategies and improve outcomes in this complex pa-
tient population.
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