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Optimising fracture-related infection management:
A narrative review of diagnostic precision, surgical timing,
and antimicrobial stewardship
Optimizacion del manejo de infecciones relacionadas con fracturas:

una revision narrativa de la precision diagnéstica, el momento
quirurgico oportuno y la administracion de antimicrobianos
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ABSTRACT
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Lima, Peru. with an emphasis on reducing failure in diagnostic and treatment grey zones. We summarise
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Lima, Peru. problem-solving tool rather than a stand-alone rule-in test in equivocal cases. We outline
a surgical decision matrix based on infection timing, fixation and fracture stability, host
factors, and soft-tissue status, and we integrate local and systemic antimicrobial strategies
with stewardship principles, including sampling before antibiotics when feasible and early
de-escalation. Evidence quality is heterogeneous, and many recommendations derive from
consensus and observational data; therefore, areas of uncertainty and priorities for prospective
studies are highlighted.
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RESUMEN

Esta revisién narrativa sintetiza el manejo contempordneo de la infeccidn relacionada con
fracturas (FRI), con énfasis en reducir el fracaso en las zonas grises diagndsticas y terapéuticas.
Resumimos las definiciones de consenso que distinguen criterios confirmatorios de criterios
sugestivos y las traducimos en un paquete diagndstico prdctico que integra la evaluacién
clinica, los marcadores inflamatorios, la imagen selectiva y el muestreo microbioldgico e
histoldégico disciplinado. La imagen se plantea como una herramienta para resolver problemas
clinicos y no como una prueba aislada para confirmar infeccidn en casos equivocos.
Presentamos una matriz de decisidon quirdrgica basada en el momento de la infeccidn, la
fijaciony estabilidad de la fractura, los factores del huéspedy el estado de los tejidos blandos, e
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Received: January 13, 2026 uso de antimicrobianos, incluyendo la toma de muestras antes de iniciar antibidticos cuando
Peer reviewed sea factible y la desescalada temprana. La calidad de la evidencia es heterogénea y muchas
Accepted: March 23, 2026 recomendaciones derivan de consensos y datos observacionales; por ello, se destacan las

Online: March 25, 2026 dreas de incertidumbre y las prioridades para estudios prospectivos.

Palabras clave: Fracturas Oseas; Infecciones en las Heridas Quirdrgicas; Osteomielitis;

e Consenso; Antibacterianos (fuente: DeCS Bireme).

Visconti-Lopez FJ, Reyes-Duque
JD, Solorzano-Salazar DM.
Optimising fracture-related
infection management: A narrative
review of diagnostic precision,
surgical timing, and antimicrobial
stewardship. Med Educ Clin Pract.
2026;1(1):e01.

doi: 10.21142/mecp.2024.1.1.e011.

* Correspondence
Fabriccio J. Visconti-Lopez
E-mail: fvisconti@cientifica.edu.pe

This work is licensed under a Creative
C Bution4.0 .

nal License

Med Educ Clin Pract. 2026;1(1):e011. doi: 10.21142/mecp.2026.1.1.e01. 1


mailto:fvisconti%40cientifica.edu.pe?subject=

Fracture-related infection management

INTRODUCTION

Fracture-related infection (FRI) represents a formidable
complication in orthopaedic trauma, with reported
incidence rates of 1-2% following closed fractures and
up to 30-50% after open fractures, depending on soft-
tissue injury severity ', Across published cohorts, FRI is
associated with substantially prolonged hospitalization,
repeated operations, and markedly increased cost
compared with uncomplicated fracture healing, with
estimates varying by injury severity, health system, and
case mix 34,

A critical vulnerability lies in the grey zone of suspected
FRI, where patients lack confirmatory criteria (e.g., sinus
tract, purulence, or pathognomonic intraoperative
findings) and decisions depend on suggestive features
such as inflammatory markers and imaging. In some
cohorts, a sizeable proportion of cases present without
confirmatory signs (reported up to 23%), which is
associated with delayed or inconsistent decision-making
and potentially avoidable failures 4.,

Historically, FRI management extrapolated principles
from periprosthetic joint infection, but recent FRI-specific
consensus definitions and guidelines have catalyzed
a paradigm shift toward tailored diagnostics, surgical
strategies, and antimicrobial stewardship 7. In this review,
‘grey zone’ refers to cases without confirmatory criteria
but with persistent clinical concern where additional tests
are sought to change management rather than to label
infection retrospectively.

This narrative review was informed by a targeted, non-
systematic search of the FRI literature focused on
clinically actionable domains: diagnosis, microbiological
and histological sampling, imaging, surgical strategy,
local antimicrobial delivery, soft-tissue management,
and systemic antimicrobial stewardship. The search was
conducted in PubMed, Scopus, and Web of Science.
We considered literature till 13 of December 2025, with
emphasis on contemporary evidence relevant to current
fracture-fixation practice.

We prioritised international consensus definitions,
expert-group recommendations, guideline statements,
systematic reviews, and higher-quality observational
studies because much of the FRI field is guided by
consensus-based frameworks and non-randomised
clinical evidence rather than large randomized
trials. Articles were selected for relevance to adult
fracture-related infection, diagnostic or therapeutic
applicability, and contribution to decision-making in
suspected or confirmed FRI. We excluded studies not
directly related to fracture fixation, reports focused
primarily on periprosthetic joint infection without clear
applicability to FRI, non-clinical basic science studies
without direct practice implications, and publications
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with limited relevance to the review’s clinical scope.
Evidence was synthesised qualitatively; where data were
heterogeneous, indirect, or primarily consensus-derived,
recommendations were framed accordingly and areas
of uncertainty were highlighted. Because this article was
designed as a targeted narrative review rather than a
systematic review or meta-synthesis, PRISMA and SWiM
reporting frameworks were not applied.

DEFINITIONS AND CLASSIFICATION

Current consensus definitions distinguish confirmatory
criteria (diagnostic for infection) from suggestive criteria
(raise suspicion and prompt further investigation) 69
Confirmatory criteria include a sinus tract or wound
breakdown communicating with the fracture or implant,
purulence observed during surgery, phenotypically
indistinguishable organisms cultured from at least
two separate deep specimens, and histopathological
evidence of infection in deep tissue \. Suggestive criteria
include new or increasing local pain/swelling, persistent
wound leakage, elevated inflammatory markers
(C-reactive protein [CRP] and erythrocyte sedimentation
rate [ESR]), radiographic progression of osteolysis
or loosening, or a single positive deep culture, all of
which require contextual interpretation and disciplined
sampling 657,

This standardized approach improves comparability
across studies and makes diagnostic thresholds more
reproducible in multidisciplinary care 1. A lack of such
standardization has historically hampered the ability
to draw meaningful conclusions from studies on FRI,
underscoring the urgent need for a unified diagnostic
framework 7., In this review, we use the Fracture-Related
Infection Consensus Group framework as the diagnostic
backbone, separating confirmatory from suggestive
criteria and focusing on how these criteria can be
operationalised for fracture fixation. This approach
aims to standardise diagnosis and reporting while
acknowledging that surgical site infection definitions
may be insufficiently specific for the fracture-fixation
context .

Suggestive criteria, while valuable, exhibit limited
specificity as they may reflect aseptic inflammation,
fracture non-union, or healing processes, posing risks
of diagnostic uncertainty in up to 23% of cases lacking
confirmatory signs B. Undertreatment in these “grey
zone” scenarios can lead to persistent infection, biofilm
formation, chronic osteomyelitis, recurrent surgeries, and
amplified healthcare costs 9,

FRIclassificationfurtherincorporateshoststatus,adapting
the Cierny-Mader system: Host A (normal physiologic/
metabolic/vascular status), Host B (compromised
locally or systemically, amenable to treatment), and
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Host C (severe compromise where treatment risks
exceed disease burden, favoring palliation) ¥7. Implant/
fracture stability is equally pivotal, guiding surgical
strategies, retention is viable with stable fixation and
early symptoms, versus exchange/removal for unstable
constructs to promote union and eradicate infection 7.,

THE “SUSPECTED FRI” DIAGNOSTIC BUNDLE

Confirmatory criteria (e.g., a sinus tract communicating
with bone/implant, purulence, phenotypically
indistinguishable pathogens from at least two deep
specimens, or histopathological evidence) are considered
diagnostic within consensus definitions and should trigger
definitive FRI management. Suggestive findings (e.g.,
persistent wound leakage, local erythema, pain, fever, or
elevated inflammatory markers) increase suspicion but
require targeted confirmation with disciplined sampling
and contextual interpretation 610,

Serum C-reactive protein and erythrocyte sedimentation
rate provide objective inflammatory insights, yet a
systematic review and meta-analysis demonstrated
their limited standalone diagnostic accuracy for late
FRI, with pooled sensitivity and specificity hampered by
poor discrimination amid postoperative inflammation or
nonunion 1, Serum CRP and ESR are non-specific after
trauma and surgery. Single values should not be used to
rule in or rule out FRI; however, a failure to downtrend,
a secondary rise, or persistent elevation can support
clinical suspicion when interpreted alongside wound
status, imaging, and microbiology 9,

In periarticular fractures with suspected FRI, a new or
unexplained joint effusion may justify joint aspiration
to obtain synovial fluid for cell count, differential, and
culture, with crystal analysis where clinically relevant.
Although tests such as alpha-defensin or leukocyte
esterase are validated in periprosthetic joint infection,
their performance in fracture fixation contexts is less
certain; therefore, they should be considered adjuncts
and interpreted cautiously. When operative management
is undertaken, aspiration results should not replace
disciplined deep tissue sampling and histology 6712,

IMAGING: DISTINGUISHING INFECTION
FROM INFLAMMATION

Plain radiographs remain the first-line imaging study in
suspected FRIbecausetheyareaccessibleandhelp assess
implant position, fracture alignment, and progression
toward union, although diagnostic accuracy is limited
and findings may overlap with aseptic loosening or
mechanical instability 53, CTis most useful when the main
question is bony anatomy, including sequestra, cloacae,

Visconti-Lopez FJ, et al.

cortical erosions, intraosseous gas, or bone defects 9,
MRI is preferred when the key question concerns marrow
involvement, abscess, sinus tracts, or soft-tissue extent,
provided metal artifact is manageable; however,
postoperative edema, hematoma, aseptic nonunion,
and normal healing may reduce specificity 4. Nuclear
imaging, particularly WBC scintigraphy with SPECT/CT
and, selectively, 18F-FDG PET/CT, may be reserved for
equivocal cases in which the relevant question is infection
versus postoperative or healing-related inflammation.
These modalities should be interpreted in clinical context
and alongside microbiological and histological sampling
rather than as stand-alone rule-in tests 8%,

MICROBIOLOGICAL AND HISTOLOGICAL
SAMPLING DISCIPLINE

Optimal diagnostic precision in fracture-related infection
depends on disciplined intraoperative sampling. Multiple
separate deep tissue specimens, commonly five, should
be obtained from representative sites using clean
instruments for each sample, and superficial swabs
should be avoided %21, When clinically safe, antibiotics
should be withheld until sampling; if urgent therapy is
required, this should be documented and histopathology
used as an adjunct, particularly in culture-negative
or antibiotic-pretreated cases %, Histopathology
can provide confirmatory evidence when cultures are
negative or affected by prior antibiotics, while sonication
of removed implants and selected molecular tests may be
considered as adjuncts in specific scenarios, especially
chronic infection, hardware removal, or culture-negative
cases 2, These methods should complement, not
replace, disciplined deep sampling and conventional
culture-based susceptibility testing.

SURGICAL STRATEGY FRAMEWORK: THE
DECISION MATRIX

The strategic management of fracture-related infection
requires a structured decision matrix for surgical
intervention, prioritizing source control through
thorough debridement, fracture stability, dead space
management, and soft tissue coverage, while considering
infection acuity, implant stability, pathogen profile, host
factors, and bone defect size .. However, many of these
decision principles are informed primarily by expert
consensus, cohort data, and observational series rather
than high-certainty comparative trials; accordingly,
they should be applied as pragmatic guidance within
individualized multidisciplinary decision-making rather
than as universally validated algorithms. Two primary
strategies emerge: debridement, antimicrobials, and
implant retention versus implant removal (if healed) or
exchange (if unhealed) 4,
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Debridement, antibiotics, and implant retention (DAIR) is
generally considered in early presentations, often within
the first few weeks of symptom onset, when fixation is
stable, reduction is acceptable, soft tissues are viable,
and the organism is likely to be susceptible to an effective
regimen. Because definitions of ‘early’ vary and evidence
is heterogeneous, the decision should be individualised
around stability, host factors, and the ability to achieve
adequate debridement and timely soft-tissue coverage 4.
Situations where implant retention is less likely to succeed
include unstable fixation, recurrent infection, prolonged
symptom duration with suspected mature biofilm, and
difficult-to-treat  organisms (e.g., rifampin-resistant
staphylococci or fungi) ®4. Intramedullary devices and
compromised hosts may further reduce the probability
of success and should prompt a lower threshold for
exchange strategies, depending on stability requirements
and the feasibility of achieving adequate debridement
and timely soft-tissue coverage 4.,

For unhealed fractures in which fixation cannot be
retained, the strategy should balance infection control
with restoration of mechanical stability. A planned
one-stage exchange (removal of infected hardware,
debridement, and immediate re-fixation) may be
appropriate in selected patients with favourable host
status, limited contamination, and available definitive
soft-tissue coverage . Staged approaches are more
commonly used in chronic infection, resistant organisms,
compromised soft tissues, or when stability cannot be
restored reliably in a single setting #. Patient selection,
dialogue, and stability are paramount 8,

Post-debridement voids necessitate management to
prevent recurrence; options for critical-sized defects
include Masquelet induced-membrane technique,
docking-site interventions with bone transport, or
vascularized grafts, with bone transport showing reliable
union but prolonged fixation ®?. Choice depends on
defect size, infection status, and surgeon expertise 9,

LOCAL ANTIBIOTIC DELIVERY

Local antibiotic delivery may help overcome some
limitations of systemic therapy, particularly when
vascularity is compromised or biofilm is suspected,
but it should be considered an adjunct to debridement
and targeted systemic therapy rather than a stand-
alone solution %%, Nonabsorbable carriers such as
polymethylmethacrylate require later removal and have
elution limitations, whereas absorbable carriers may
aid dead-space management but can be associated
with wound leakage and heterogeneous comparative
evidence®%l, |n both open fractures and established FRI,
reported benefits vary across studies and are strongly
influenced by debridement quality, stability, soft-tissue
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management, and case selection; therefore, carrier
selection should be individualised and interpreted within
antimicrobial stewardship principles 435,

SOFT TISSUE MANAGEMENT

Adequate soft tissue coverage is paramount in
FRI management, creating a favorable biological
environment for healing and reducing the risk of recurrent
infection ¢, A judicious, well-planned bone and soft tissue
debridement remains one of the cornerstones of state-of-
the-art treatment, necessitating radical excision of all
non-viable tissue despite the potential creation of large
soft tissue defects requiring reconstructive techniques 7.,

Thorough debridement of non-viable soft tissue is
essential to achieve source control, with orthopaedic
surgeons advised not to limit excision due to concerns
over reconstruction feasibility; prior multidisciplinary
planning enables comprehensive removal without
hesitation 138,

Early collaboration between orthopaedic and plastic
surgeons is central to achieving stable fixation and
timely soft-tissue coverage. In high-energy open injuries,
this often takes the form of coordinated ‘fix and flap’
pathways, aiming for definitive coverage as early as
feasible once the wound is adequately debrided. In
established FRI, coverage planning should be integrated
with the debridement and stability strategy and may be
single-stage or staged depending on contamination,
host status, and reconstructive options 837,

Negative pressure wound therapy functions as a
temporary bridge to definitive flap coverage in scenarios
precluding immediate closure but is not a standalone
treatment for FRI due to risks of persistent bacterial
colonization, pathogen shifts, and infection recurrence;
prolonged use should be avoided, favoring prompt
reconstruction 1041,

SYSTEMIC ANTIMICROBIAL STEWARDSHIP

The judicious selection and administration of systemic
antimicrobial agents are critical components of FRI
management, complementing surgical interventions
and local antibiotic delivery by targeting pathogens
throughout the host 2,

Empiric therapy should be initiated after deep tissue
sampling whenever feasible, but should not be delayed in
septic or rapidly deteriorating patients. Empiric regimens
should reflect local epidemiology and individual risk
factors, typically ensuring coverage for staphylococci
(including methicillin-resistant Staphylococcus aureus
where relevant) and, in selected high-risk scenarios,
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Gram-negative organisms, then narrowed promptly once
cultures and susceptibilities return 71,

Suppressive antimicrobial therapy may be considered
when curative source control is not feasible or is deferred
(e.g., implant retention required to maintain stability,
prohibitive surgical risk, or limited reconstructive
options) " The goal is symptom control and containment
rather than eradication; therefore, regimens should be
individualised with infectious diseases input, explicit
monitoring plans, and periodic reassessment of surgical
options. Reported outcomes vary substantially by
pathogen, host factors, tolerability, and follow-up,
and evidence in FRI is largely observational and often
extrapolated from related implant infections ¥3,

CONCLUSION

Fracture-related infection failures often arise in
predictable grey zones: equivocal diagnostic signals,
poorly standardised sampling, and unstable fixation or
compromised soft tissues that prevent durable source
control. The main practice-changing message of this
review is that avoidable failure is less likely to be reduced
by any single test than by disciplined use of confirmatory
versus suggestive criteria, problem-focused imaging that
answers a specific management question, and multiple
deeptissue sampleswith histology before antibioticswhen
feasible. On the treatment side, the framework is most
clinically useful when it prioritises thorough debridement,
preservation or restoration of stability, timely soft-tissue
coverage, and prompt culture-guided antimicrobial de-
escalation within a multidisciplinary pathway.

Because the evidence base remains dominated by
consensus guidance and heterogeneous observational
studies, these recommendations should be implemented
with awareness of uncertainty and audited locally
using measurable pathway endpoints such as time to
debridement,samplingquality,andearlytreatmentfailure.
Future prospective studies should focus specifically on
grey-zone cases and prioritise outcomes that are clinically
actionable and patient-important, including whether
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diagnostic strategies change management, recurrent or
persistent infection, fracture union, reoperation burden,
treatment-related adverse events, and patient-reported
functional recovery. Participation in standardized FRI
registries and prospective collaborative studies will be
essential to refine these pathways and strengthen the
evidence base.
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