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Background. Prosthetic joint infection (PJI) represents an important complication of total joint arthroplasty, affecting
approximately 2% of patients. However, considerable heterogeneity in outcome definitions renders cross-study and clinical
comparisons challenging.

Methods. We performed a meta-epidemiological study and systematic review of cohort studies and randomized controlled trial
(RCTs) reporting clear definitions of PJI outcomes. Relevant data regarding outcome definitions of treatment success or failure were
extracted and categorized into 7 outcome domains: clinical signs and symptoms, imaging, microbiology, mortality, antibiotics-
related, surgical-related, and histology. A network plot was generated to visualize domains combinations. Data on patient-
reported outcome measures (PROMs) were also collected. Based on these results, we finally proposed a working definition of
PJI core outcome set.

Results. The literature search identified 7585 references, leading to 461 studies. The majority were retrospective (416/461,
90.2%), with limited representation of prospective studies (37/461, 8.0%) and RCTs (8/461, 1.7%). Outcome reporting was
highly heterogeneous, with the clinical criterion being the most frequently used domain, combined with microbiological,
surgical, and mortality-related outcomes. In contrast, histopathological, imaging, and antibiotic-related criteria were rarely
reported. Thirty-six PROMs were included in only 111 (24.1%) studies, most commonly the Knee Society Score (26%) and
Harris Hip Score (23%).

Conclusions. 'We showed substantial heterogeneity in PJI outcome definitions, with inconsistent reporting across key domains,
limiting comparability and evidence synthesis. Standardized, consensus-based outcomes incorporating patient-reported and
antibiotic-related measures are needed, and the proposed core outcome set may support harmonized research and clinical
practice aligned with the new PJI definition.

Keywords. core outcome set; meta-epidemiological study; outcome definitions; patient-reported outcome measures; prosthetic
joint infection.

Total joint arthroplasty (TJA) is one of the most frequently per-
formed orthopedic procedures worldwide. By 2030, the antici-
pated number of primary total knee arthroplasty and total hip
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arthroplasty surgeries in the United States is projected to be
3.48 million and 572,000, respectively [1]. Periprosthetic joint
infection (PJI) affects approximately 2% of arthroplasty pa-
tients, a risk that has remained relatively constant over time [2].

There is considerable inconsistency in how outcomes are de-
fined. For instance, while some studies classify the use of sup-
pressive antibiotic therapy as treatment failure, others include
it within the criteria for treatment success [3, 4]. These discrep-
ancies make it challenging to compare outcomes across differ-
ent treatment strategies and studies.

Various criteria have been proposed in the literature to de-
fine treatment success or failure in PJI, including 3 landmark
studies (Table 1) that have significantly shaped the current
understanding of treatment outcomes in PJI. In 2013,
Diaz-Ledezma et al [5] proposed consensus criteria for defining
treatment success, focusing on clinical healing, normalization
of inflammatory markers, no need for ongoing antibiotic
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Table 1. Characteristics of the Included Studies

Table 1. Continued

Characteristic Number of Studies (N =461)

Characteristic Number of Studies (N =461)

Study design
Retrospective 416 (90.2 %)
Prospective 37 (8.0%)
RCTs 8(1.7%)

Year of publication
2005-2009 18 (3.9%)
2010-2014 73 (15.8%)
2015-2019 143 (31.0%)
2020-2024 227 (49.2%)

Type of joint involved
Hip 83 (18.0%)
Knee 138 (29.9%)
Shoulder 2 (0.4%)
Other (elbow) 1(0.2%)

Miscellaneous 237 (561.4%)
Size of cohort

204 (44.2%)

>50-< 100 patients
>100-< 200 patients 157 (34.0%)
>200-1000 patients 96 (20.8%)
>1000 patients 4(0.9%)
Type of surgical approach
DAIR 90 (19.9%)
1-stage 26 (5.6%)
2-stages 178 (38.6 %)
Other 9(1.9%)
Miscellaneous 154 (33.4%)
Not mentioned 3(0.7%)
Definition of PJI
20112 81 (17.6%)
2014° 66 (14.3%)
MSIS 2018° 62 (13.4%)
EBJIS 2021¢ 11(2.4%)
Other 129 (28.0%)
Not specified 111 (24.1%)

Source of the definition of PJI outcome®
Author-derived
Peer-reviewed
Delphi 2013"¢
MSIS ORT 2019""
Miscellaneous

264/438 (60.3%)
1747438 (39.7 %)
75/174 (43.1%)
25/174 (14.4%)
76/174 (43.7 %)
265/438 (60.5%)
306/438 (69.9%)

Defined success
Defined failure

Considered PROMs or functional outcomes 111 (24.1%)
Minimum follow-up
<2y 192 (41.6%)
>2y 247 (563.6%)
Not mentioned 22 (4.8%)

therapy, and the absence of infection recurrence or additional
surgical intervention. In 2019, the Musculoskeletal Infection
Society (MSIS) introduced a 4-tier outcome reporting tool
(MSIS ORT) that categorizes results based on infection control,
antibiotic use, need for further surgery, and mortality [6].
Building on these efforts, John et al. in 2022 utilized a desirabil-
ity of outcome ranking approach to establish a more detailed

Individual criteria for outcome definition®

309/438 (70.5%)
279/438 (63.7%)
247/438 (56.4%)

Surgical-related domain (
(
(
191/438 (43.6%)
(
(
(

Clinical domain
Microbiological domain
Mortality domain
135/438 (30.8%)
38/438 (15.5%)
52/438 (11.9%)

Antibiotics-related domain
Histopathological domain
Imaging domain

#Parvizi J, Zmistowski B, Berbari EF, et al. New definition for periprosthetic joint infection:
from the Workgroup of the Musculoskeletal Infection Society. Clin Orthop Relat Res.
2011;469(11):2992-2994. doi:10.1007/s11999-011-2102-9.

Parvizi J, Gehrke T; International Consensus Group on Periprosthetic Joint Infection.
Definition of periprosthetic joint infection. J Arthroplasty. 2014;29(7):1331. doi:10.1016/
j.arth.2014.03.009.

°Parvizi J, Tan TL, Goswami K, et al. The 2018 Definition of Periprosthetic Hip and Knee
Infection: An Evidence-Based and Validated Criteria. J Arthroplasty. 2018;33(5):1309—
1314.e2. doi:10.1016/j.arth.2018.02.078.

9McNally M, Sousa R, Wouthuyzen-Bakker M, et al. The EBJIS definition of periprosthetic
joint infection. Bone Joint J. 2021;103-B(1):18-25. doi:10.1302/0301-620X.103B1.BJJ-
2020-1381.R1.

©23/461 studies provided only PROMs or functional outcomes without a quotable definition.

Two studies considered both Delphi 2013 and MSIS ORT 2019 as their reference outcome
for PJI.

9Diaz-Ledezma C, Higuera CA, Parvizi J. Success after treatment of periprosthetic joint
infection: a Delphi-based international multidisciplinary consensus. Clin Orthop Relat Res.
2013;471(7):2374-2382. doi:10.1007/s11999-013-2866-1.

PFillingham YA, Della Valle CJ, Suleiman LI, et al. Definition of Successful Infection
Management and Guidelines for Reporting of Outcomes After Surgical Treatment of
Periprosthetic Joint Infection: From the Workgroup of the Musculoskeletal Infection
Society (MSIS). J Bone Joint Surg Am. 2019;101(14):e69. doi:10.2106/JBJS.19.00062.
Abbreviations: DAIR, debridement, antibiotics, and implant retention; EBJIS, European
Bone and Joint Society; MSIS, Musculoskeletal Infection Society; ORT, outcome
reporting tool; PJI, prosthetic joint infection; PROM, patient-reported outcome measure;
RCT, randomized controlled trial.

framework encompassing a range of outcomes—from com-
plete cure to relapse, chronic infection managed with suppres-
sive antibiotics, and death [7]. Previous studies have shown that
applying the MSIS ORT criteria tends to result in a lower re-
ported rate of successful outcomes among patients treated for
PJI 8, 9].

Furthermore, several studies have utilized functional out-
come measures [10-13]. More recently, studies have increas-
ingly focused on patient-reported outcome measures
(PROMs) to capture patients' perspectives on their functional
status and quality of life following treatment. However, to
date, there are no PROMs specifically built for PJI but only
for functional outcomes and patients' perception after primary
TJA. However, most currently used PROMs were developed for
primary arthroplasty and do not capture key PJI-specific bur-
dens, such as prolonged antibiotic exposure, treatment-related
toxicity, repeated hospitalizations and surgeries, psychosocial
distress, and long-term uncertainty about infection control.

In this study, we conducted a systematic review using a meta-
epidemiological methodology. This methodology was previously
used in other studies on other bone infections (native vertebral
osteomyelitis; postoperative spine infection) [14, 15], to define
the reported outcomes of PJI and provide evidence foundation
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to new definition of diseases [16]. Additionally, we aimed to iden-
tify the functional assessment tools and PROMs previously uti-
lized in the literature to provide a future unified framework.

METHODS

The current meta-epidemiological study and systematic review
was conducted and reported in accordance with the updated
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines for meta-epidemiological
methodological research [17] and disease definition in guide-
line development [18] (Supplementary Table 1). In brief, meta-
epidemiological methodology refers to a systematic, study-level
framework approach that examines how definitions, design fea-
tures, reporting practices, or methodological choices vary
across studies and how this variation may affect evidence inter-
pretation, bias, comparability, and guideline development.

Protocol

A predefined protocol was developed prior to the initiation of the
study. This can be publicly accessed at https://protocols.io/view/
redefining-the-outcomes-of-prosthetic-joint-infect-hqxéb5xrf.

Eligibility Criteria

Inclusion criteria were as follows: (1) studies involving adult pop-
ulations (>18 years old); (2) clear and quotable definition of PJI
outcomes, including successful outcomes or adverse outcomes
such as failure, relapse, reinfection, recurrence, or their synonyms,
as well as studies reporting functional outcome measures or
PROMs; (3) inclusion of >50 patients; (4) publication year 2005
or later; (5) articles published in any language; and (6) study design
limited to cohort studies and randomized controlled trials (RCTs).
Exclusion criteria included: (1) studies involving pediatric popula-
tions; (2) case reports, review articles, systematic reviews, meta-
analyses, study protocols, gray literature, and preprint materials.
A minimum sample size of 50 patients was chosen to focus on
studies more likely to reflect routine clinical practice and to avoid
very small, potentially idiosyncratic cohorts. The start date of 2005
was chosen to comprehend a 20-year time-frame to ensure gener-
alizability and to detect changes in the attribution of outcomes and
evolution of PJI treatment effect on them.

The primary objective was to analyze and deconstruct the def-
initions of PJI outcome, identifying predefined combinations of
definition elements and evaluating their distribution over time
and by thematic grouping. The secondary objective was to exam-
ine a set of items thematically related to the diagnostic criteria
and propose a working definition of PJI outcomes.

Information Sources and Search Strategies

A comprehensive search of multiple databases was conducted
on 6 November 2024. The search was restricted to cohort stud-
ies and randomized controlled trials published from 2005 on-
ward. Databases searched (and their content coverage dates)

were Ovid MEDLINE(R) (1946+ including epub ahead of print,
in-process, and other nonindexed citations), Ovid Embase
(1974+), Ovid Cochrane Central Register of Controlled Trials
(1991+), Ovid Cochrane Database of Systematic Reviews
(2005+), and Scopus via Elsevier (1970+).

Search strategies were developed and executed by an experi-
enced medical librarian in collaboration with the research team
(LH). A combination of controlled vocabulary and keyword
terms was used to ensure a comprehensive and precise search.
The full search methodology is provided in the Supplementary
Material.

Selection of Studies

The screening of abstracts and full texts was performed using
the COVIDence Systematic Review Software (Veritas Health
Innovation, Melbourne, Australia). Two independent review-
ers (F. B.and S. M. A. A.) screened all titles, abstracts, and full-
text articles. Each record was evaluated by both reviewers to en-
sure accuracy and consistency. In cases of disagreement, a third
reviewer (F. P.) was consulted, or consensus was achieved
through discussion among the reviewers. Details regarding
inter-rater reliability are provided in the Supplementary
Appendix.

Data Extraction

A data extraction form was initially tested in Excel using a sam-
ple of 60 studies. Six reviewers (C. L. C.,F.B,F.P., H.K,, M. P,
and S. M. A. A.) participated in this pilot phase. Based on feed-
back and recommendations from the research team, the form
was refined through an iterative process to minimize misunder-
standings and resolve potential discrepancies. Following this, 5
reviewers (C. L. C., F. B, F. P,, M. P,, and S. M. A.A.) extracted
relevant data from each included study, recording it in Excel
spreadsheets. Risk of bias assessment was deemed unnecessary
for this study, as it did not aim to quantify associations.

Data Synthesis and Analysis

Diagnostic criteria used to define PJI at baseline were recorded
descriptively, but the primary focus of this study was outcome
definitions used to define treatment success or failure.

A thematic synthesis of the outcome definitions was per-
formed, allowing a single source definition to generate multiple
output definitions if authors provided alternative criteria op-
tions within their research, as we shown in previous studies
(14, 15, 19].

To cluster the outcome definitions, after the pilot analysis on
the first 60 definitions, we established 7 predefined outcome
domains used as a framework to define treatment success or
failure for PJI based on common clinical practices: (1) clinical
features (including symptoms, signs, and laboratory biomark-
ers), (2) imaging findings, (3) microbiological evidence, (4)
mortality, (5) antibiotics-related factors, (6) surgical-related
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Figure 1. 2020 PRISMA flow diagram.

factors, and (7) histopathology. We also grouped the defini-
tions encountered distinguishing into success and failure.

To graphically depict the outcomes of this study, we utilized mul-
tidimensional analytics with a network plot to represent combina-
tions derived from the definitions. Each domain was treated as a
node in the network. Co-occurrence of 2 domains within the
same study outcome definition generated an edge between the cor-
responding nodes. Only pairwise combinations of domains were
considered, as network edges represent binary relationships. The re-
sulting network therefore reflects how frequently different outcome
domains were jointly used across studies, with nodes representing
outcome domains and edges representing their co-occurrence.
We collected data on an Excel spreadsheet and built network graphs
with an online tool (https:/app.flourish.studio/projects, accessed
on 5 September 2025). Figures were modified with Biorender
(https:/BioRender.com). Since no inferential analysis was per-
formed, descriptive statistics were used, expressed as counts (per-
centage) and median (interquartile range [IQR]), when required.

RESULTS

The literature search yielded 7585 references, of which 461 were
finally included, covering 87 021 patients with PJI. The character-
istics and bibliography of the studies included can be found in the
Supplementary Appendix (Supplementary Table 2). The study se-
lection process is depicted in Figure 1 and Supplementary Table 3.
Most definitions were described in retrospective observational
studies (416/461, 90.2%). The remaining were in prospective stud-
ies (37/461, 8.0%), and RCTs (8/461, 1.7%). The median popula-
tion of the PJI cohorts was 109 (IQR 76-178) patients.

Network analysis of outcome domains used in PJI studies
(Figure 2) shows a predominance of clinical, microbiological,
surgical, and mortality-related criteria. These 4 domains form
the most densely connected cluster, reflecting their frequent
co-occurrence in outcome definitions. In particular, the clinical
criterion is the most central node, commonly paired with micro-

biology, surgery, and mortality. Conversely, histopathological
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Figure 2. Network plot illustrating the co-occurrence of outcome criteria in PJI
studies that provided a definition of outcome (overall, N = 438).

and imaging-based criteria appear infrequently, either alone or
in combination, and are positioned at the periphery of the net-
work. Antibiotic-related outcomes also show limited integra-
tion. The thickness of each edge is proportional to the number
of studies reporting that specific combination of criteria, high-
lighting both common and underutilized domains in the litera-
ture. This approach captures how often domains co-occur but
does not account for the relative importance or hierarchy of in-
dividual components within composite definitions.

Network analysis showed similar patterns on the distribution
of the used thematic criteria for both success (Figure 3) and fail-
ure (Figure 4).

Among the 461 included studies, 111 (24.1%) reported at
least 1 PROM or functional assessment tool. Considerable
heterogeneity was observed in the instruments used. In
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Figure 3. Network plot illustrating the co-occurrence of outcome criteria in PJI studies that provided a definition of success (n = 265). Edge thickness reflects the frequency
of the co-occurrence of each criterion. Each plot highlights 1 criterion, namely (1) clinical signs, (2) imaging, (3) microbiology, (4) histopathology, (5) antibiotics-related, (6)

surgical-related, and (7) mortality.
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surgical-related, and (7) mortality.

fact, we identified 36 different PROMs or scores. Among
those, we focused on the 15 most used across the included
studies (Table 2).

Among the 111 studies that reported PROMs, the most
frequently used instruments were the Knee Society Score
(KSS) (26%) and Harris hip score (HHS) (23%), followed
by the Western Ontario and McMaster Universities
Arthritis Index (WOMAC) and the visual analog scale
(VAS) (17% each). Other commonly used tools included
the Oxford knee score (13%), EQ-5D and SF-12 (12%
each). Hip-specific scores such as OHS (9%) and HOOS
(5%) were less common. No PROM was specifically designed
for patients with PJIL.

Further analysis on the frequency of the verbatim words used
to define outcomes for PJI are shown in a circle chart that can
be found in Supplementary Appendix (Supplementary Fig. 1).

DISCUSSION

In this large meta-epidemiologic review of over 460 studies, we
show that definitions of treatment success and failure in PJI re-
main highly heterogeneous, with wide variation in the domains
used and frequent reliance on inconsistent composite
outcomes. Our findings reveal the predominance of certain
domains—namely clinical, microbiological, surgical, and
mortality-related elements—while other relevant dimensions,
such as histopathology, imaging, and antibiotic-related criteria,
remain underutilized. These results underscore the urgent need
for harmonization and standardization in outcome reporting
for PJI, particularly for comparative effectiveness studies,
guideline development, and patient-centered care. This need
is especially relevant in light of the newly proposed intersocietal
unified diagnostic definition of PJI [20].
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Table 2. Distribution of the 15 PROMs Most Used in the Included Studies

Number of Studies

PROM (n=111)

Knee society score (KSS) 29 (26.1%)
Harris hip score (HHS) 26 (23.4%)
Western Ontario and McMaster Universities 19 (17.1%)

Arthritis index (WOMAC)

Visual analog score (VAS)? 19 (17.1%)
Oxford knee score (OKS) 14 (12.6%)
EuroQol-5D (EQ-5D)? 13 (11.7%)
12-Item short form health survey (SF-12)? 13(11.7%)

(
(
(
(
Oxford hip score (OHS) 10 (9%)
(
(
(
(

Knee osteoarthritis outcome score (KOOS) 7 (6.3%)
Hospital for special surgery (HSS) 6 (5.4%)
Hip osteoarthritis outcome score (HOOS) 5 (4.5%)
University of California, Los Angeles (UCLA) activity 5 (4.5%)
score
36-Item short form health survey (SF-36)° 5 (4.5%)
Hip society score 4 (3.6%)
Merle d'Aubigné and Postel method 3(2.7%)

#These are tools not specifically addressing orthopedic performance indexes but general
health-related quality of life measures.

Unlike Debbi et al [21], who compared predefined outcome
tiers, our study maps how outcomes are originally defined
across PJI studies. We analyze source definitions, domain
co-occurrence, and PROM usage—providing broader, data-
driven insights to inform future core outcome set (COS)
development.

The most frequently coreported domains were clinical signs
and symptoms (including inflammatory biomarkers), microbio-
logical evidence, and surgery-related criteria. These were often
used in composite definitions of both success and failure and fre-
quently linked to mortality endpoints. Such combinations reflect
common conceptualizations of treatment outcomes—eg, the
resolution of infection signs, absence of culture-positive recur-
rence, and no need for further surgical intervention.

Conversely, our analysis shows that histopathology and im-
aging were rarely included, either alone or in combination with
other domains. This may reflect both clinical practice limita-
tions and methodological challenges: histopathology is not rou-
tinely available in all centers, and imaging often lacks specificity
or standardized interpretative criteria in the PJI setting.
Similarly, antibiotic-related criteria—such as the need for sup-
pressive therapy, treatment duration, or intolerance—were sur-
prisingly uncommon, despite their high relevance to patient
quality of life and long-term management. This underreporting
may lead to an incomplete understanding of therapeutic suc-
cess, particularly in cases where surgical cure is not achieved,
but infection control is maintained through long-term antimi-
crobial strategies.

The primary strength of this study lays in its systematic and
reproducible methodology, including a preregistered protocol,
a broad literature search across multiple databases, and a

rigorous dual-reviewer screening and extraction process. By fo-
cusing on studies with >50 patients and spanning a 20-year pe-
riod, we ensured both breadth and a degree of methodological
quality, avoiding small, potentially underpowered or anecdotal
reports.

Nonetheless, several limitations should be acknowledged.
First, the classification of outcome criteria into domains, while
grounded in clinical relevance and tested in a pilot phase, re-
mains to some extent arbitrary. Studies often use vague, incon-
sistent, or overlapping definitions of outcomes, and the
mapping of textual definitions to specific domains required in-
terpretative judgment. We attempted to mitigate this through
consensus-based coding and predefined operational defini-
tions, but misclassification bias cannot be entirely excluded.

Second, only binary (present/absent) coding was used for in-
dividual domains and combinations. This precludes quantifica-
tion of the weight or hierarchy of criteria within composite
definitions —eg, whether failure was defined primarily by clini-
cal relapse, or only when combined with revision surgery.
Similarly, we considered only pairwise domain co-occurrence
for network analysis, since network edges represent dyadic re-
lationships. This necessarily excludes higher-order combina-
tions (eg, triple or quadruple criteria definitions), which are
common in many composite endpoints. While this simplifica-
tion enhances visualization and interpretability, it inevitably re-
duces granularity.

Third, the vast majority of included studies were retrospec-
tive in nature (90.2%), with only a small proportion of prospec-
tive cohorts or RCTs. This reflects the general landscape of PJI
research, which is dominated by observational designs due to
ethical and logistical constraints in surgical infectious diseases.
However, it also limits the quality and standardization of out-
come reporting, as retrospective studies are more likely to use
post hoc or center-specific definitions.

Fourth, many studies lacked an explicit statement distin-
guishing between “success” and “failure” outcomes, or used in-
consistent thresholds. For example, some classified long-term
suppressive therapy as a success, while others considered it a
marker of failure [7, 21]. This inconsistency is not merely se-
mantic—it has direct implications for reported outcome rates,
benchmarking, and policy. It also introduces subjectivity in the
synthesis process: depending on the definition applied, the
same patient outcome could be labeled as success or failure.

Finally, our data extraction relied on manual review and
spreadsheet-based recording, which limits scalability and intro-
duces human error.

One of the most important insights from this review is the
persistent ambiguity in how success and failure are defined
across the literature. This lack of consensus has major implica-
tions for both clinical decision-making and research compara-
bility. As shown in previous studies, applying different
published criteria (eg, the 2019 MSIS ORT tool vs the 2013
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Delphi-based criteria) can result in significantly different re-
ported success rates from the same clinical data [8, 22, 23].

A standardized, reproducible definition of treatment success
and failure in PJI is essential for benchmarking, risk adjust-
ment, research, and clinical decision-making. Current hetero-
geneity hampers meta-analyses, guideline development, and
the comparability of treatment strategies (eg, debridement, an-
tibiotics, implant retention [DAIR] vs 2-stage exchange, differ-
ent antibiotic regimens). Our findings highlight the need for a
consensus-based, tiered definition incorporating both objective
(clinical and microbiological) and patient-centered endpoints.

While prior frameworks (eg, 2019 MSIS ORT, Delphi 2013)
offer a foundation, they lack consistent adoption, granularity,
and adaptability to real-world scenarios—such as long-term
suppressive therapy or persistent symptoms despite infection
control. A robust definition should also address time-
dependence, competing risks (eg, death vs reinfection), and
stratification by surgical strategy and pathogen.

Notably, only 24.1% of studies reported PROMs, and most
used tools designed for primary arthroplasty (eg, WOMAC,
HHS, and KSS), not tailored to the specific burden of PJIL
This underscores the need for a dedicated PROM instrument
addressing domains like pain, mobility, antibiotic burden,
and psychosocial impact.

Our review provides a foundation for a future COS for PJI,
aligned with the Core Outcome Measures in Effectiveness
Trials methodology [24]. Development and validation of a
COS will require Delphi-based consensus and stakeholder en-
gagement. In the interim, we encourage authors to clearly report
which domains their outcome definitions include and adopt
standard terminology for transparency and comparability.

In the absence of a validated PJI COS, we propose a working
definition of PJI treatment success that includes: (1) resolution
of clinical signs and symptoms, (2) no further infection-related
surgical intervention, and (3) absence of microbiologically con-
firmed recurrence. To enable meaningful comparisons across
clinical studies, registries, and policy frameworks, we suggest
a 5-tier classification system:

1. Infection-free survival off antibiotics, with no reoperations
and clinical recovery.

2. Infection control with ongoing suppressive antibiotic thera-
py, which duration should be reassessed at standardized tim-
ing by an integration of clinical and laboratory biomarkers,
and supported where available by advanced imaging (eg, flu-
orodeoxyglucose positron emission tomography/computed
tomography [FDG-PET/CT]). Further evidence is needed
to reach definitive conclusions on these advanced tools.

3. Relapse or Reinfection: recurrence of infection with the
same microbiologically confirmed organism or new infec-
tion with a different microbiologically confirmed organism,
respectively.

4. Reoperation: any infection-related, unplanned surgical in-
tervention (including DAIR, resection arthroplasty, ar-
throdesis, retained spacer, or amputation), consistent with
2019 MSIS ORT categories.

5. Death: all-cause or infection-related mortality.

We recommend outcomes be reported at standardized inter-
vals, with a minimum follow-up of 2 years.

A key feature of the proposed tiered framework is that it cap-
tures PJI outcomes as a dynamic clinical pathway, rather than
as a single static endpoint. Distinguishing infection control
off antimicrobial therapy, infection control under suppressive
antimicrobial therapy, and relapse or reinfection is clinically
relevant because each state carries different implications for
prognosis, diagnostic reassessment, antimicrobial manage-
ment, and potential surgical intervention. Importantly, relapse
or reinfection should also be reported according to whether it
occurs off antibiotics or during suppressive therapy, as these
scenarios may reflect different levels of disease control and
may guide escalation toward further diagnostic work-up, treat-
ment modification, or surgical strategies, potentially moving
the patient into another tier. For this reason, the framework
emphasizes repeated assessment at predefined, standardized
time intervals, allowing patients' trajectories across tiers to be
consistently documented throughout their PJI journey.

The proposed framework is not intended to impose uniform
clinical practice across centers, as PJI definitions, diagnostic tools,
and management strategies inevitably vary over time and across
healthcare settings. Rather, it provides an adaptable structure for
reporting outcomes consistently despite this heterogeneity, im-
proving comparability across studies and highlighting underre-
ported domains that may be incorporated where feasible.

We suggest this framework also serve as a springboard for
the development of a PJI-specific PROM, grounded in both pa-
tient and clinician input. As an interim step, established tools
such as the KSS [25] and HHS [26] could be used for hip and
knee-specific domains. These may be integrated with global
health scores such as EQ-5D [27] and SF-12 [28].
Importantly, PROMs must account for patient choice and ac-
ceptability, including satisfaction with suppressive therapy or
retained spacers. Development of a PJI-specific PROM should
incorporate qualitative input from the community of patients.

Future efforts should focus on 4 key areas: (1) endorsement
and systematic implementation of a COS in both clinical care
and PJI research to standardize outcome reporting; (2) devel-
opment and validation of PJI-specific PROMs to capture
patient-centered outcomes more accurately; (3) assessment of
the performance and applicability of existing PJI definitions
to revised joint arthroplasties; and (4) alignment of the pro-
posed COS with the forthcoming unified 2025 definition of
PJI to ensure consistency across diagnostic and outcome
frameworks.
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CONCLUSIONS

This meta-epidemiological review highlights the significant
heterogeneity in outcome definitions for PJI and reveals a
skewed emphasis on certain domains, with underreporting of
others. The absence of standardized, consensus-based defini-
tions of success and failure complicates clinical interpretation,
undermines research synthesis, and may ultimately limit the
quality of care delivered to patients with PJI.

Harmonizing outcome definitions—particularly through the
inclusion of patient-reported and antibiotic-related measures—
should be a priority for future research. To support this, we
propose an interim COS as a foundation for advancing key
goals: its systematic application in clinical care and research,
the development of validated PJI-specific PROMs, and
alignment with the forthcoming unified 2025 definition of
PJI to ensure coherence between diagnostic and outcome
frameworks.
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