RQ 33: Is there a routine role for local antibiotic delivery in the management
of open fractures?

Section 1: Background

Open fractures remain highly vulnerable to fracture-related infection because contamination, devitalized tissue, dead
space, and impaired perfusion reduce the effectiveness of systemically delivered antibiotics to the wound/implant
interface. While early systemic antibiotics, careful debridement, skeletal stability, and timely soft-tissue coverage
remain the foundations of care,local antibiotic delivery is attractive because it can generate very high local
concentrations with minimal serum exposure; platforms in the uploaded corpus include PMMA beads and strips,
collagen sponges, aqueous aminoglycoside injection, antibiotic-coated nails and plates, and absorbable calcium
sulfate or hydroxyapatite composites. Observational studies and meta-analyses generally suggest lower infection
rates with adjunctive local antibiotics, especially in Gustilo Il injuries. However, the evidence base is
heterogeneous and dominated by retrospective studies, case series, and tibial-fracture cohorts. Furthermore, a large
matched nationwide study found no benefit when using non-standardized prophylactic local antibiotic therapy over
modern standard care. There is no definitive completed randomized trial specifically testing routine prophylactic
local antibiotics in open fractures is available in the uploaded corpus. The key unanswered question is therefore not
whether local delivery can work, but whether it should be used routinely in all open fractures, or selectively in the
highest-risk wounds where dead space, implant surfaces, vascular compromise, and delayed coverage make
systemic prophylaxis least reliable. Clinically, this matters because fracture-related infection drives reoperation,
delayed union, nonunion, limb loss, and cost, while local antibiotic delivery adds material choice, stewardship
considerations, and sometimes removal procedures [1, 2, 3, 8, 9, 10]]

Section 2: Data Extraction

This manuscript follows the uploaded Open Injury International Consensus Meeting template and adapts the data-
extraction format to the specific question of local antibiotic delivery. [13]

For this synthesis, the uploaded local-antibiotic/open-fracture corpus was treated as the review universe. Duplicate
uploads were merged, leaving 41 topic-relevant records for analysis. Data were extracted, where reported, for study
design, sample size, fracture severity, local antibiotic type and carrier, timing relative to debridement or fixation,
comparator, major outcomes, follow-up, and adverse events. When a field was not clearly reported in the accessible
text of the uploaded record, it is listed as unspecified.
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Section 3: Results

The available literature under consideration exhibits a clinically heterogeneous evidence base. The strongest
evidence in favor of local antibiotics comes from comparative cohort studies. According to Henry, et al (19990),
adding tobramycin PMMA beads to systemic prophylaxis in 404 open fractures was associated with lower acute
wound infection and chronic osteomyelitis than systemic prophylaxis alone, with the largest excess infection burden
observed in severe grade 11 injuries when beads were not used. In the larger Osterman, et al (1995) study of 1085
open fractures, supplementary aminoglycoside-PMMA beads were again associated with lower infection than




systemic antibiotics alone. A more recent retrospective cohort study by Lawing, et al (2015) demonstrated that local
aqueous aminoglycoside injection reduced both overall and deep infection without affecting rates of nonunion.
Smaller implant-specific comparative studies of gentamicin-coated tibial nails also reported fewer infections than
uncoated nails, although these results were limited by cohort size and design. [5, 6, 7, 14, 15]

The available meta-analytic evidence is also consistent with these findings. Craig et al. reported that in severe open
tibial fractures, infection was reduced with adjunctive local antibiotics than with systemic antibiotics alone, but
emphasized the lack of direct head-to-head trials. Morgenstern et al. pooled eight comparative studies and observed
a lower infection rate with local prophylaxis, while explicitly warning that the pooled literature was heterogeneous
and at considerable risk of bias. [8, 9]

Single-arm series are most encouraging in selected high-risk settings rather than as proof of the potential benefit
with more routine use. Cerament G or related absorbable gentamicin-eluting composites used during fix-and-flap
management of Gustilo I11B injuries reported less deep infection and acceptable rates of union in single-center series
from the UK, with Asano, et al’s long-term follow-up demonstrating osteomyelitis in 5.1% after a mean of 88.7
months. Antibiotic-coated tibial nail studies also suggest acceptable union and low device-related toxicity but
outcomes were less impressive with I1IB/111C injuries, and the evidence remains mostly uncontrolled. Other
platforms (such as collagen sponges, temporary antibiotic cement-coated plates, PMMA strips, generic antibiotic
beads, custom implant coatings, and mixed calcium-sulfate series) are promising, but substantially more indirect. [
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26]

In contradistinction, the large propensity-matched database study by Bhogadi, et al evaluated 61,337 open long bone
fractures, and reported no reduction in either the incidence of infections or return to the operating room with
nonspecific prophylactic local antibiotic therapy. The available literature contains only a phase 3 study protocol for
local agueous tobramycin, and together with the absence of a definitive randomized trial, this prevents a
recommendation for routine use in all open fractures. [10, 11]

Section 4: Discussion

The central clinical issue is whether a recurring benefit in demonstrated in observational studies is strong enough to
justify recommending “routine” local antibiotic delivery. On balance, the literature support a selective role, but not a
universal routine role. The biological rationale is compelling, as open fractures are contaminated, perfusion is
impaired, implants introduce biofilm-prone surfaces, and local depots can expose the wound or implant interface to
concentrations that systemic therapy may not achieve. Older pharmacokinetic and technique papers, the historical
PMMA bead literature, and newer carrier-based or coated-implant studies all align with that rationale. [28, 32, 33,
35]

The best clinical support is not evenly distributed across all open fractures. It is heavily concentrated in more severe
injuries and in implant-associated or dead-space-rich scenarios. Henry, Ostermann, Lawing, and the two meta-
analyses consistently indicate reduced rates of infection with adjunctive local antibiotics, and that effect appears
largest in Gustilo 111 fractures. UK orthoplastic series using Cerament G within single-stage fix-and-flap pathways
also report very low deep infection or osteomyelitis in 11IB injuries, while coated-nail studies suggest that local
antibiotic surfaces may help in open tibial fractures treated with intramedullary fixation. This pattern makes clinical
sense, as the more severe the wound and the more compromised the local biology the stronger the rationale for
augmenting systemic prophylaxis. [5, 6, 7, 8, 9, 16, 17, 18, 19, 20]

A stronger universal recommendation is prevented by the quality and consistency of the evidence. The device
literature is divided between beads, strips, collagen sponges, aqueous injections, coated nails, temporary cement-
coated plates, and absorbable biocomposites. Many studies are limited to the tibia. Definitions of infection vary,
timepoints differ, and some modern studies are vulnerable to indication bias because surgeons are more likely to
deploy local antibiotics in their worst injuries. The large TQIP study diverges from the favorable single-center
studies, though it is also limited by non-standardized intervention details, inpatient outcomes, and lack of granularity
regarding agent, dose, carrier, and timing. This conflict is exactly why the current evidence supports selective
adoption rather than a universal quality metric. [10, 34, 12]

The literature also suggests that modality matters. PMMA beads provide the strongest direct comparative evidence,
but they may require removal and are less attractive when one wants a resorbable dead-space filler. Aqueous



aminoglycoside injection offers a simple, low-hardware option, and is supported by one relatively strong
retrospective cohort. Coated nails appear most useful in tibial fractures when internal fixation is already planned, but
current data are insufficient to infer benefit in the most extreme 111B/111C patterns. Absorbable calcium sulfate or
hydroxyapatite composites are particularly attractive in orthoplastic fix-and-flap pathways because they can fill bone
voids while avoiding a second procedure for removal, but the supporting data remain predominantly single-center
and uncontrolled. Experimental ideas such as earlier topical powder placement, biodegradable chitosan delivery, or
macrophage-modulating calcium sulfate platforms are interesting, but not yet enough data is available to support
routine consensus practice. [ 36, 7, 15, 19, 16, 17, 18, 41, 29, 31]

Safety reporting is overall reassuring but still incomplete. Multiple series found no systemic toxicity or
hypersensitivity, Cerament G cohorts reported no local or systemic adverse reactions, and the practical review
literature notes that systemic serum levels are usually low when local delivery is used appropriately. However,
underreporting of nephrotoxicity, long-term stewardship consequences, and cost-effectiveness is common, and
arthroplasty spacer literature cautions that very high antibiotic loads are not biologically trivial. As a result, a
consensus statement should emphasize antimicrobial stewardship and careful agent choice, rather than regarding
local antibiotic delivery as risk free. [19, 20, 18, 36]

Section 5: Risk of bias summary.

Risk of bias was judged pragmatically by study design. Small randomized or quasi-randomized studies were judged
for allocation and sample-size limitations; nonrandomized comparative cohorts were judged mainly for confounding
and selection bias; single-arm case series were rated high risk because they lacked controls; narrative reviews and
guidelines were treated as contextual evidence rather than primary efficacy evidence; and translational, animal, or
protocol papers were classified as indirect for the specific clinical question under consideration.
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Across the uploaded corpus, no completed low-risk definitive randomized trial establishes routine prophylactic local
antibiotic delivery for all open fractures. That is the main reason the overall certainty remains low, despite a
recurrent favorable signal when used in the management of severe injuries. [11, 8, 9]



Section 5: Response / recommendation statement.

Local antibiotic delivery should not be recommended as a routine universal requirement for all open fractures. It has
a selective adjunctive role in high-risk open fractures, particularly Gustilo type Il injuries, with gross
contamination, dead space, staged orthoplastic reconstruction, or with implant-intensive fixation. This
recommendation provided that early systemic antibiotics, meticulous debridement, stable fixation, and timely
coverage are already optimized. [10, 7, 8, 9, 2, 4]

Section 6: Level / strength of evidence.

LOW overall. Support for local antibiotics is consistent across PMMA bead studies, modern cohort studies, and two
meta-analyses, but the primary literature is dominated by retrospective designs, small single-center studies, severe-
tibia—heavy populations, and substantial heterogeneity in carrier, agent, timing, and infection definitions. The only
large nationwide matched cohort evaluated here was neutral, and the available randomized trial for prophylactic
local tobramycin is still only a published study protocol without results. [5, 6, 7, 8, 9, 10, 11]
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