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ABSTRACT

Background: Bone and joint infections are challenging musculoskeletal conditions, often associated

with high morbidity and functional impairment. Implant-associated infections are particularly

difficult to treat due to bioĄlm-mediated bacterial resistance.

Objective: To provide an interdisciplinary algorithm for the management of bone and joint

infections, including guidance on implant retention or removal.

Context: Current evidence on septic arthritis, osteomyelitis, fracture-related infections, and

prosthetic joint infections was reviewed. Core management principles include radical debridement,

microbiological sampling, stabilization, soft tissue coverage, and tailored antibiotic therapy. Tre-

atment strategies depend on implant presence and infection chronicity, including debridement,

antibiotics, and implant retention (DAIR), staged revision, or suppressive antibiotic therapy.

Key concepts: Implant-free infections are treated with extensive debridement and six weeks of

antibiotic therapy. Acute implant-associated infections may be managed with DAIR combined with

anti-bioĄlm antibiotics, achieving cure rates of 60.0 Ű 90.0% under optimal conditions. Chronic

infections or mature bioĄlm typically require staged implant removal and reconstruction. While

single-stage revision is feasible in selected cases, two-stage procedures remain standard for complex

infections. Antimicrobial duration should be individualized according to clinical response.

Conclusion: Successful management relies on a multidisciplinary approach integrating surgical

and medical strategies. Individualized therapy based on implant status, bioĄlm presence, and

patient-speciĄc factors is essential to maximize infection eradication and functional recovery.
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RESUMO

Contexto: As infeções osteoarticulares estão frequentemente associadas a elevada morbilidade e

impacto funcional. O tratamento de infeções associadas a implantes é particularmente complexo

devido à resistência bacteriana mediada por bioĄlme.

Objetivo: Fornecer um algoritmo interdisciplinar para a abordagem das infeções osteoarticulares,

incluindo orientações relativas à retenção ou remoção de implantes.

Contexto cientíĄco: Foi revista a evidência atual relativa à artrite séptica, osteomielite, infeções

relacionadas com fraturas e infeções protésicas. Os princípios fundamentais do tratamento incluem

desbridamento radical, colheita de amostras microbiológicas, estabilização, cobertura adequada

dos tecidos moles e antibioterapia dirigida. As estratégias terapêuticas dependem da presença de

implantes e da cronicidade da infeção, incluindo procedimentos de desbridamento, antibioterapia e

retenção do implante (DAIR), revisão em um ou dois tempos, ou terapêutica antibiótica supressiva.

Conceitos-chave: As infeções sem implante são tratadas com desbridamento extensivo e seis

semanas de antibioterapia. As infeções agudas associadas a implantes podem ser tratadas com DAIR

e antibióticos com atividade anti-bioĄlme, alcançando taxas de cura entre 60,0 Ű 90,0% em condições

ideais. As infeções crónicas ou com bioĄlme maduro geralmente requerem a remoção do implante

em etapas e a reconstrução subsequente. Embora a revisão em um único tempo seja viável em casos

selecionados, os procedimentos em dois tempos continuam a constituir a abordagem preferencial no

tratamento de infeções complexas. A duração da antibioterapia deve ser individualizada de acordo

com a resposta clínica.

Conclusão: O sucesso do tratamento depende de uma abordagem multidisciplinar que integre

estratégias cirúrgicas e médicas. A individualização da terapêutica, baseada no estado do implante,

na presença de bioĄlme e em fatores especíĄcos do doente, é essencial para maximizar a erradicação

da infeção e a recuperação funcional.

Palavras-Chave: Infeção associada a prótese articular; Infeção associada a fratura; Algoritmo

para abordagem da infeção ortopédica.

Introduction

Bone and joint infections are among the most chal-

lenging conditions in orthopaedic practice and are

associated with high morbidity and functional

impairment. Their epidemiology has evolved

markedly over recent decades. While primary

haematogenous infections have become less com-

mon due to early diagnosis and effective antibi-

otic therapy, secondary infections Ű particularly

postoperative Ű now dominate clinical practice.

Currently, prosthetic joint infections (PJI) and

fracture-related infections (FRI) are the two ma-

jor types of bone and joint infections. This shift is

driven by the increasing number of surgical proce-

dures, greater patient complexity, and expanding

use of permanent implants such as prosthetic joints

and fracture Ąxation devices1,2.

The global incidence of PJI after primary arthro-

plasty is likely underestimated, with reported rates

around 0.5% for total hip arthroplasty and 1.0 Ű

2.0% for total knee arthroplasty, depending on di-

agnostic criteria and follow-up3. PJI is the second

most frequent complication after aseptic loosening

and remains one of the most devastating compli-

cations of arthroplasty4. FRI is deĄned as any

infection occurring in the context of a fracture, in-

cluding early infections, infected non-unions, and

haematogenous infections2,5,6,7. In this context,
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and as a practical consideration, a fracture treated

with osteosynthesis hardware that progresses to

non-union should be regarded as highly suspicious

for infection until proven otherwise. Reported

rates range from 1.0 Ű 2.0% in closed fractures

to over 30.0% in high-grade open fractures, with

recurrence rates between 10.0% and 21.0%6,8.

A critical determinant in these infections is the

presence of an implant, which profoundly inĆu-

ences both the pathophysiology and the therapeu-

tic approach6. Implants provide a substrate for

bioĄlm formation, a highly organised microbial

community encased in a self-produced extracel-

lular matrix9,10. This bioĄlm adheres Ąrmly to

prosthetic and bony surfaces and allows microor-

ganisms to persist at low metabolic activity and

in low inoculum, triggering only a limited and

highly localised inĆammatory response. As a re-

sult, these infections often fail to meet traditional

diagnostic criteria and may be easily overlooked

or misinterpreted. In addition, bacteria embedded

within bioĄlms are signiĄcantly resistant to host

immune defences and antimicrobial agents, mak-

ing the elimination of infection via conservative

or antibiotic-only strategies virtually impossible.

Understanding the bioĄlm paradigm is essential

to guide the timing and extent of surgical de-

bridement, as well as to optimise antimicrobial

regimens10,11. Infection duration, bioĄlm matura-

tion, and the overall therapeutic objective are key

determinants of treatment strategy. In selected

casesŮsuch as suppressive management of infec-

tion in stable fracturesŮimplant retention may

be achieved despite presumed bioĄlm presence to

allow fracture consolidation before hardware re-

moval. Importantly, although time from symptom

onset is a relevant parameter, it does not solely

dictate bioĄlm maturation. BioĄlm formation and

structural complexity are dynamic processes that

are signiĄcantly inĆuenced by the virulence and

biological behaviour of the causative pathogen.

This interaction may be particularly consequen-

tial in borderline presentations where differentia-

tion between acute and chronic infection remains

ambiguous3,5,8.

Beyond bioĄlm biology, bone and joint infections

frequently arise in mechanically unstable or biolog-

ically compromised environmentsŮcharacterised

by devitalized soft tissues, necrotic bone, and/or

structural defects. Under these conditions, an-

tibiotic therapy alone is insufficient and pre-

dictably leads to persistent infection, chronicity,

antimicrobial resistance, and progressive func-

tional decline5,8,12.

Effective management requires early and coordi-

nated care by a multidisciplinary team that in-

cludes not only orthopaedic surgeons and infec-

tious disease specialists but also other complemen-

tary surgical and medical specialties, such as plas-

tic surgery, microbiology, and internal medicine13.

Successful outcomes require adherence to univer-

sal surgical and antibiotic therapy principles and

clinical decision-making according to structured al-

gorithms. This article synthesises interdisciplinary

treatment principles for bone and joint infections

in adult patients into a practical algorithm, and

illustrates its application through representative

clinical scenarios.

1. Fundamental Principles

As outlined above, achieving curative treatment

in bone and joint infections almost invariably

requires surgical intervention5,14,15. This pro-

cess must follow an assertive, logical, and struc-

tured framework that integrates surgical decision-

making with microbiological and pharmacologi-

cal expertise15,16. Effective infection control and

functional restoration depend on the consistent

application of several core principles:

Radical Debridement

Debridement is the cornerstone of treatment and

must include removal of all infected and devital-

ized tissues, including bone, implants, prostheses,

and surrounding soft tissue. No antibiotic regimen

is effective in the presence of dead tissue or mature

bioĄlm3,5,17,18.
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Rigorous Microbiological Sampling

Multiple deep tissue samples should be systemati-

cally obtained for microbiological analysis, ideally

during surgery and before any antibiotic expo-

sure. This approach helps minimise the risk of

false-negative culture results and ensures a more

accurate identiĄcation of the causal pathogen11,16.

It is critical that microbiological sampling be per-

formed after a minimum of two-week antibiotic-

free period16,19,20. Intraoperative sampling pro-

vides the highest diagnostic yield and should be

prioritised. Preoperative superĄcial swabs should

be avoided, as they correlate poorly with intraop-

erative culture results and offer limited diagnostic

reliability16.

Dead Space Management

After debridement, dead space must be eliminated

or Ąlled to prevent recurrence. Options include

muscle Ćaps, antibiotic-loaded cement spacers, or

resorbable local antibiotic carriers such as calcium

sulfate beads, hydroxyapatite-based bone substi-

tute, etc.17,21−23.

Mechanical Stability

Infection cannot be eradicated in a mechanically

unstable environment. Achieving adequate stabil-

ity may require the use of joint spacers, external

Ąxation, or the placement of new internal implants,

depending on the clinical scenario5,8,12.

Soft-Tissue Coverage

Well-vascularized soft tissues are critical for effec-

tive antibiotic penetration, control of local inĆam-

mation, and protection of underlying implants.

When native soft-tissue integrity is insufficient,

local or free Ćap reconstruction may be required

to restore an optimal biological environment17.

Antimicrobial Therapy

Only after all these steps have been adequately

addressed can systemic antibiotic therapy achieve

its intended effect. The choice and duration of

treatment depend primarily on whether an im-

plant is present, the isolated microorganism, and

the spectrum of viable antibiotic optionsŮeach

of which must be carefully aligned with the pa-

tientŠs comorbidities and pharmacological limi-

tations. When an implant is retained, agents

with anti-bioĄlm activity are mandatory, such as

rifampicin-based combinations for Staphylococcus

spp. or Ćuoroquinolones for Gram-negative organ-

isms. Rifampicin therapy should be initiated only

under appropriate clinical conditions, such as a dry

surgical wound and favourable local progression,

and should not be started in the immediate post-

operative period. Surgical and antibiotic strate-

gies are mutually interdependent9−11,24−27. The

impact of tailored antibiotic strategies and struc-

tured multidisciplinary management on outcomes

in PJI has been recently reinforced by contempo-

rary outcomes analyses24.

Functional Reconstruction

The goal in managing bone and joint infections

is not solely to eradicate the infection but to pre-

serve or restore movement, stability, and overall

limb function15,17.

2. Algorithm for the management of bone

and joint infections

The management of bone and joint infections

requires a structured and methodical decision-

making process. Figure 1 outlines a rationale

that strengthens shared interdisciplinary decision-

making, streamlines communication, and har-

monises goals among the involved specialties.
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Implant Present?
NO

YES

Surgical Strategy Antibiotic Strategy

Can it be removed?

Surgical Strategy Antibiotic Strategy

YES

Possibility of cure with implant in situ?

NO

6 weeks

No biofilm activity
required

6 weeks

No biofilm activity
required

Adequate
debridement (with

or without local
antibiotic therapy)

Adequate
debridement (with

or without local
antibiotic therapy)

YES

Surgical Strategy Antibiotic Strategy

=/> 12 weeks
With biofilm activity 

DAIR 
(debridement with
implant retention)

Is the implant permanent or temporary?

NO

Permanent Temporary

Surgical Strategy Antibiotic Strategy

6-12 weeks
(biofilm activity

eventually if one
stage)

Revision surgery
(one or two stages)

Surgical Strategy Antibiotic Strategy

6-12 weeks
(biofilm activity
needed if one

stage)

Revision surgery
(one or two stages)

OR

Long term
supressive

No biofilm activity
required

DAIR 
(debridement with
implant retention)

Surgical Strategy Antibiotic Strategy

Figure 1. Treatment algorithm for bone and joint infection.

As outlined previously, the therapeutic strategy

should follow a sequential algorithm based on four

key questions. The answers to these determine

the appropriate treatment pathway:

Is an implant present?

The presence of metal implants such as osteosyn-

thesis hardware or prosthetic joints signiĄcantly

inĆuences the overall therapeutic strategy6. In the

absence of an implant, both surgical and antibiotic

treatment are typically more straightforward.

When no implant is present, management follows

the principles of native osteomyelitis or septic

arthritis, with surgical debridement, with or with-

out the use of local antibiotic carriers and typically

an antimicrobial course of approximately six weeks

(frequently with 1Ű2 weeks of intravenous therapy

followed by oral treatment, depending on clinical
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response and source control)(Ągure 2)5,8,10,11,17,21.

However, the optimal duration is not uniform

across all implant-free infections, and in selected

patients with adequate surgical source control and

favourable clinical evolution, shorter treatment

courses may be appropriate11,28.

Figure 2. Illustrative example: An 85-year-old man with chronic distal femur osteomyelitis underwent radical
debridement and local antibiotic therapy, achieving complete clinical resolution Ů illustrating the typical pathway
of implant-free infection management.

If present, can it be safely removed, or is it

required for stability or function?

If an implant is present but no longer required for

mechanical support or joint function, it should be

removed8,12,17. The persistence of osteosynthesis

material in a healed construct offers no biomechan-

ical advantage and may, in fact, perpetuate bac-

terial colonisation and bioĄlm persistence8−10,17.

Once removed, the infection can be treated ac-

cording to the principles of implant-free infection,

including standard debridement and a six-week

antibiotic course without the need for anti-bioĄlm

agents. Early removal of unnecessary hardware

not only facilitates more effective eradication of

infection but also reduces the risk of chronic os-

teomyelitis and recurrence5,6,8,12,17. A classic ex-

ample of this situation is a healed fracture or

a fused spine arthrodesis where the implant no

longer provides mechanical beneĄt. In these cases,

implant removal should be performed, and subse-

quent treatment will follow the same algorithm as

implant-free infection (Ągure 3)5,8,18.
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Figure 3. Illustrative example: A patient with a healed tibial fracture and a draining sinus underwent nail
removal and debridement, with uncomplicated infection eradication Ů a typical scenario where hardware is
unnecessary and should be removed.

Can the infection be eradicated while re-

taining the implant in situ?

When an implant is necessary, the next step is

to determine whether curative treatment can be

achieved without its removal. It is critical to eval-

uate the feasibility of implant retention, weighing

the risk of persistent bacterial colonisation against

the mechanical stability and functional integrity of

the device29−32. This decision depends on several

variables, depending on the speciĄc clinical sce-

nario (e.g. the conditions for PJI differ from those

for FRI), including timing of infection (acute vs

chronic), implant stability, adequacy of soft-tissue

coverage, microbiological proĄle, and the availabil-

ity of effective antibiotics. If these conditions are

met, a DAIR procedure, followed by an appropri-

ate course of anti-bioĄlm antibiotic therapy, may

be a viable curative option. Although a 12-week

course is commonly adopted in implant-associated

infections treated with retention, duration should

be adjusted on a case-by-case basis, acknowledg-

ing the heterogeneity of available evidence, and

the possibility of a shorter course in carefully se-

lected scenarios with adequate surgical control

and favourable clinical response11,28,33.

Figures 4 and 5 exemplify scenarios where re-

tention is appropriate and curative outcomes are

achievable.

Figure 4. Illustrative example: Acute fracture-related infection two weeks after tibial plateau Ąxation was
successfully treated with DAIR and rifampicin-based therapy, demonstrating early curative potential.
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Figure 5. Illustrative example: An early postoperative PJI at three weeks after TKA (Total Knee Arthroplasty)
achieved complete resolution with DAIR and targeted anti-bioĄlm therapy.

If required, is the implant needed perma-

nently or temporarily?

If the implant is necessary for stability or function,

it is essential to determine whether this require-

ment is temporary Ů as in fractures or spinal

instrumentation with healing potential Ů or per-

manent, as with prosthetic joints5,8,34.

If the need is temporary, or in cases where anti-

bioĄlm antibiotics cannot be usedŮdue to bacte-

rial resistance, patient intolerance, drug interac-

tions, or adverse effectsŮthe infection is classiĄed

as "difficult-to-treat," and complete eradication

is unlikely while the implant remains10,11,35. In

these scenarios, suppressing the infection until the

implant can be safely removed at a later stage in-

stead of curing the infection might be a reasonable

strategy8,11,18,34,36.

If the implant is permanently needed, curative

treatment usually requires implant exchange, per-

formed either in one stage or two stages and ap-

propriate antibiotic strategy. Single-stage revision

is feasible when complete debridement, soft tissue

coverage, known/ sensitive pathogens, and recon-

struction are achievable in a single procedure (Ąg-

ure 6). Single-stage revision offers lower morbidity,

fewer interstage complications (functional limi-

tations, spacer-related fractures or dislocations),

reduced healthcare burden, improved functional

outcomes, and lower reinfection rates30,37,38. Post-

operative anti-bioĄlm antibiotics should be admin-

istered for a total of 12 weeks9,28,35,38,39.

Two-stage revision remains the standard for com-

plex infections or difficult-to-treat pathogens (Ąg-

ure 7)30,38,40. The Ąrst stage involves implant

removal, surgical debridement, multiple microbio-

logical and histological sampling, and placement of

an antibiotic-loaded spacer. The second stage con-

sists of spacer removal, further debridement, and

reimplantation. The interval allows eradication of

infection before prosthetic reimplantation28,38,40.

The decision regarding the exact timing for reim-

plantation remains controversial. Favourable ESR

(erythrocyte sedimentation rate) and CRP (C-

reactive protein) kinetics can serve as a deci-

sion tool, but complete normalisation is neither

necessary nor sufficient to ensure a successful

outcome41−43.
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Figure 6. Illustrative example: A chronic knee PJI caused by Serratia was treated successfully with single-stage
revision and targeted therapy.

Figure 7. Illustrative example: A chronic hip PJI required initial explant and spacer placement, followed by
delayed reimplantation, achieving stable reimplantation and infection control.

After the Ąrst stage, a 6-week course of antibiotics

(no anti-bioĄlm activity required) is usually recom-

mended. Once the infection is deemed to be cured,

the second stage is performed (with or without

an antibiotic holiday of a two-week period). Ac-

cording to the most recent scientiĄc evidence, the
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implementation of an antibiotic holiday before the

second stage of revision has not demonstrated su-

periority in the treatment of these infections44−47.

Therefore, in the absence of proven clinical beneĄt,

patients undergoing an antibiotic holiday may be

subjected to an unnecessary prolongation of their

treatment37,48−51. Additional antibiotic therapy

is adjusted based on second-stage microbiological

Ąndings. If cultures are negative, no further an-

tibiotics are mandatory, although some authors

may recommend an additional 6-week course. If

second-stage cultures remain positive, anti-bioĄlm

antibiotics should continue for 12 weeks post-

reimplantation9,10,28,35,37. These durations reĆect

commonly adopted practices and consensus-based

recommendations rather than Ąxed rules, and

should therefore be regarded as reference frame-

works rather than dogmatic standards, with Ą-

nal decisions guided by surgical source control,

pathogen characteristics, host factors, and clinical

evolution11,28.

In highly selected cases, long-term antibiotic sup-

pressive therapy, and not necessarily a cure, may

even be considered33,34.

Cases such as fractures where the implant need

is temporary are slightly different. If implant re-

moval is not possible without jeopardising stability,

options include single-stage revision (Ągure 8) with

immediate re-osteosynthesis, or two-stage manage-

ment when infection is chronic, soft tissue is poor,

or anti-bioĄlm agents are not available options

(Ągure 9)52−54. Single-stage treatment is feasible

when infection control is achievable and imme-

diate mechanical stability can be obtained after

osteosynthesis replacement55−58. Postoperatively,

anti-bioĄlm antibiotics should be administered for

a total of 12 weeks54,56−58.

In the two-stage management, temporary fracture

stabilisation is performed during the implant-free

period, accompanied by 6 weeks of antibiotics

without anti-bioĄlm activity28,54,59. Subsequently,

two strategies can be adopted: reimplantation of

osteosynthesis material followed by an additional

6-week course of anti-bioĄlm antibiotics if intra-

operative cultures are negative, or 12 weeks if the

cultures are again positive54,59.

In cases where the implant is left in place, long-

term antibiotic suppressive therapy may be con-

sidered until a future time when the implant can

be removed, especially in one-stage exchanges or

DAIR procedures where anti-bioĄlm antibiotics

are not an option33,60.

Figure 8. Illustrative example: A tibial diaphyseal fracture infection treated with single-stage exchange nailing
achieved full consolidation and infection control.
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Figure 9. Illustrative example: A proximal tibial FRI with non-union required staged removal, interim
stabilisation, and delayed deĄnitive Ąxation, achieving healing and infection eradication.

Conclusion

Bone and joint infections represent one of the

most signiĄcant and complex conditions in muscu-

loskeletal pathology. Their management requires

the systematic application of the fundamental prin-

ciples of infection treatment, which can only be

effectively achieved through a multidisciplinary

team dedicated to the integrated management of

these complex conditions. Although this principle

is universal, it becomes particularly important in

borderline cases, such as those classiĄed as Şlikely

infectionŤ according to the EBJIS deĄnition, and

in cases of clinical uncertainty, they should be

managed as infected1,14,61.

Interdisciplinary treatment algorithm for bone and

joint infections needs structuring around two in-

terdependent pillars: the surgical strategy and

the corresponding antimicrobial plan. The indi-

cation, route, and duration of systemic and lo-

cal antibiotic therapy must be deĄned in close

alignment with the surgical approachŮwhether

this involves debridement with implant retention

(DAIR), staged revision, or complete hardware

removal3,29,31,52,55,60. Each surgical option inĆu-

ences the antibiotic regimen, just as antimicrobial

constraints may shape surgical decision-making.

In parallel, antimicrobial duration should incorpo-

rate principles of antimicrobial stewardship, recog-

nising existing uncertainties in some settings and

the need for individualisation based on surgical

strategy and clinical response5,11,28,33.
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Table I. What the infectious disease specialist should know in bone and joint infection management.

Aspect Key points

Diagnosis

Stop antibiotics at least 2 weeks before sampling.

Avoid superĄcial swabs.

Take ≥5 deep samples intraoperatively.

Surgery
Radical debridement is mandatory.

Ensure mechanical stability and soft-tissue coverage.

Antibiotic therapy

Implant present → anti-bioĄlm agents are mandatory.

Monotherapy only in rare cases.

Rifampicin only under appropriate clinical conditions (dry surgical wound

and favourable local progression) and should not be started in the imme-

diate postoperative period.

DAIR
Feasible within the Ąrst 3Ű4 weeks.

Requires stable implant, viable tissue, effective anti-bioĄlm antibiotics.

1 vs 2-stage
1-stage: acute infection, good tissues, sensitive pathogens.

2-stage: chronic infection, poor coverage, MDR pathogens.

Suppressive therapy
Consider when curative treatment is not possible.

Monitor clinically + renal/hepatic function.

Abbreviations: DAIR, Debridement, Antibiotics, and Implant retention; MDR, Multidrug-Resistant.

Table II. Main surgical strategies in prosthetic joint infection management.

Strategy Key points

DAIR

Indication: acute infection (<3Ű4 weeks).
Required conditions: stable implant, good tissue, effective antibiotics.
Antibiotic duration: 12 weeks with anti-bioĄlm agents.
Success rate: 60.0%Ű90.0%.

1-stage revision

Indication: acute or early chronic infection.
Required conditions: debridement, adequate soft-tissue coverage, stable
reimplantation, known and susceptible pathogen.
Antibiotic duration: 12 weeks.
Success rate: 80.0%Ű90.0%.

2-stage revision

Indication: chronic or complex infection, MDR pathogens.
Required conditions: explantation, spacer, delayed reimplantation.
Antibiotic duration: 6 + 6 weeks (possibly extended).
Success rate: 85.0%Ű95.0%.

Suppressive therapy

Indication: unremovable implant, fragile patient.
Goal: control of progression rather than curative treatment.
Antibiotic duration: indeĄnite.
Outcome: disease control, not eradication.

Abbreviations: DAIR, Debridement, Antibiotics, and Implant retention; MDR, Multidrug-Resistant.
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Table III. Common pitfalls to avoid in prosthetic joint infection management.

Avoid these common errors

Starting antibiotics before obtaining cultures when the patient is clinically stable.

Collecting only 1Ű2 intraoperative samples.

Treating bioĄlm infections without anti-bioĄlm agents.

Underestimating persistent wound drainage after arthroplasty.

Performing DAIR too late (after bioĄlm maturation).

Abbreviations: DAIR, Debridement, Antibiotics, and Implant retention.
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