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Abstract. Background: Periprosthetic joint infections (PJIs) remain a significant complication following total
hip arthroplasties (THAs), affecting patient outcomes and healthcare costs. The accurate classification of PJIs
is crucial for guiding treatment decisions and improving patient management. The TNM classification system,
commonly used in oncology, has previously been adapted for PJI to enhance our understanding of infection
severity and is progressively used as PJI-TNM. Purpose: This study evaluates the applicability of the PJI-TNM
classification in a cohort of 185 periprosthetic hip joint infections, including 84 acute and 101 chronic cases.
Methods: In this retrospective study, we analyzed 84 cases of acute and 101 cases of chronic periprosthetic
hip joint infections. Each case was independently classified according to the PJI-TNM framework by three
observers. A second round of scoring was performed 90 d later to assess the intra-observer concordance. The
objective was to evaluate the utility of this classification in distinguishing between acute and chronic infections,
predicting outcomes, and informing treatment strategies. Furthermore, intra- and inter-observer reliability were
evaluated. Results: For acute PJIs we found a high inter-observer and intra-observer reliability for both the first
and second evaluation (κ 0.78 and 0.89, respectively). In addition, the intra-observer analysis showed a very
good correlation (κ 0.86–0.96). For chronic PJIs the intra-observer reliability was κ of 0.85–0.96, whereas inter-
observer reliability was lower with κ of 0.75–0.85. Conclusion: The PJI-TNM classification demonstrated strong
intra-observer and substantial inter-observer reliability across both acute and chronic infections, supporting its
use as a robust and reproducible framework for PJI classification.

1 Introduction

As the number of primary total hip arthroplasties (THAs)
performed each year continues to grow, the overall volume
of complications is expected to increase accordingly, with
periprosthetic joint infection (PJI) remaining among the most
serious (Tsikopoulos and Meroni, 2023). The numbers of
performed total joint arthroplasty of the lower extremity are
estimated to rise by up to 600 % until 2030, both in the
United States and Europe (Kurtz et al., 2007; Leitner et al.,
2018; Robertsson et al., 2010). The incidence of PJI after
THA is estimated at 0.5 %–2 %, but the absolute burden is

rising with arthroplasty volume (Aftab et al., 2025). PJI often
requires complex revision surgery and prolonged antimicro-
bial therapy, and is associated with reduced functional out-
comes and increased mortality. Furthermore, it is well known
that it is associated with significant morbidity and mortal-
ity as well as a substantial economic burden on healthcare
systems worldwide (Premkumar et al., 2021; Kamath et al.,
2015; Kardi and Franceschi, 2020; Szymski et al., 2024).

Acute PJIs (early postoperative or acute hematogenous)
more often involve higher-virulence organisms such as
Staphylococcus aureus or β-hemolytic streptococci, whereas
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chronic infections more commonly feature biofilm-forming,
low-virulence pathogens such as coagulase-negative staphy-
lococci and Cutibacterium acnes. Biofilm formation on im-
plant surfaces underpins diagnostic and therapeutic chal-
lenges by limiting antibiotic penetration and shielding bac-
teria from host defenses. In chronic infections, biofilm-
embedded bacteria differ fundamentally from planktonic or-
ganisms typically seen in acute infections, contributing to di-
agnostic difficulty and reduced treatment efficacy (Bakalakos
et al., 2024; Davidson et al., 2019; Rozis et al., 2021).

Overall, most cases involve Gram-positive cocci like
Staphylococcus aureus, Staphylococcus epidermidis, and
Streptococcus pyogenes, although Gram-negative bacteria
such as Pseudomonas aeruginosa and fungi such as Candida
albicans may also contribute (WHO, 2011).

The 2018 International Consensus Meeting (ICM) defini-
tion introduced a weighted, evidence-based scoring system
for PJI diagnosis that has performed well on external vali-
dation and is now widely adopted in clinical research and
practice (Parvizi et al., 2018).

Despite advances in diagnosis by combining clinical, lab-
oratory, and imaging findings, diagnosing and treating PJI
remains challenging due to its variable presentation and the
influence of microbial and host factors.

Patient-related factors such as smoking, increased body
mass index, and comorbidity burden are well-established risk
factors influencing the development and severity of peripros-
thetic joint infections. Smoking has been associated with im-
paired immune response and wound healing (Bojan et al.,
2020), while obesity contributes to systemic inflammation
and altered host defense (Carender et al., 2024). Similarly,
a higher comorbidity burden, commonly assessed using the
Charlson comorbidity index (CCI), reflects reduced physio-
logical reserve and increased susceptibility to infection, un-
derscoring the relevance of these factors in stratifying infec-
tion severity in acute PJI (Kong et al., 2016).

A new TNM classification for PJI was proposed (Table 1),
based on tissue and implant status, non-human cells with bac-
teria and fungi, and patient morbidities that could help to
standardize care and improve research comparability (Rupp
et al., 2021; Alt et al., 2020).

The classification’s structured approach may facilitate
communication among healthcare providers and support fu-
ture research into PJI outcomes. However, its prognostic
value and direct clinical applicability remain to be estab-
lished.

Therefore, the primary aim of this study was to determine
the reproducibility of the PJI-TNM classification. In addi-
tion, we explored its relationship with patient-related factors
and causative microorganisms in a descriptive manner, with-
out implying prognostic validity.

We hypothesized that the TNM classification provides
good intra- and inter-observer reliability in the classification
of both acute and chronic PJIs.

2 Materials and methods

We conducted a retrospective university hospital single-
center cohort study. A total of 309 THA patients were ini-
tially identified using ICD-10 code T84.5, which denotes in-
fection and inflammatory reaction due to an internal joint
prosthesis. Patients with incomplete medical records, those
younger than 18 years, and those miscoded or lacking evi-
dence of infection according to the Musculoskeletal Infec-
tion Society (MSIS) and EBJIS criteria were excluded. The
final cohort consisted of 185 patients treated for PJI, de-
fined according to MSIS and EBJIS criteria, between Jan-
uary 2013 and June 2024. Infection was confirmed with pres-
ence of a sinus tract or purulence surrounding the prosthetic
component, synovial fluid analysis showing WBC count
> 3000 cells µL−1 or PMN > 80 %, intraoperative histology
consistent with Krenn and Morawietz type II or III, or mi-
crobial growth detected in synovial fluid, in at least two
periprosthetic tissue samples or in sonication fluid exceed-
ing 50 CFU mL−1 (Vogely, 2021; Sousa et al., 2023; Parvizi
et al., 2018; Ochsner et al., 2014). Both MSIS and EBJIS cri-
teria were applied to reflect contemporary clinical practice
and to ensure comprehensive and robust identification of PJI
cases, as these definitions are widely accepted and consid-
ered complementary.

Patients who exhibited clinical symptoms of infection
along with characteristic laboratory findings, such as ele-
vated cell counts from diagnostic joint aspiration, but without
microbiological growth, were classified as having culture-
negative PJIs. Microbiological specimens were incubated for
14 d at the Institute of Microbiology prior to analysis, with
this protocol remaining consistent throughout the study pe-
riod.

All data were extracted from patients’ electronic medical
records. Observers were provided with identical information
during both assessment rounds, including clinical data, imag-
ing, microbiological findings, and operative reports. Further-
more, all observers were blinded to patient outcomes and
treatment strategies at the time of classification to minimize
potential bias. A 90 d interval between the two assessment
rounds was selected to reduce potential recall bias while
ensuring feasibility in the study design. Characteristics in-
cluded age, sex, infection type (acute or chronic), body mass
index (BMI), Charlson comorbidity index (CCI), American
Society of Anesthesiologists (ASA) classification, time in-
terval between implantation and onset of PJI, and treatment
strategy (such as debridement, antibiotics, and implant re-
tention (DAIR), double DAIR, one- or two-stage revision
with spacer implantation, or the Girdlestone procedure). Ad-
ditional variables included risk factors such as smoking and
diabetes. The number and classification of microbiological
findings were also recorded.

Endpoints: the TNM classification of all acute and chronic
cases was independently performed by a final-year medical
student with arthroplasty experience, a board-certified spe-

J. Bone Joint Infect., 11, 323–330, 2026 https://doi.org/10.5194/jbji-11-323-2026



D. Simon et al.: High intra- and inter-observer reliability of the PJI-TNM classification 325

Table 1. TNM classification adapted from Alt et al. (2020).

TNM Classification Description

Tissue and implant status 0a
0b
1a
1b
2a
2b

Stable standard implant without important soft tissue defect
Stable revision implant without important soft tissue defect
Loosened standard implant without important soft tissue defect
Loosened revision implant without important soft tissue defect
Severe soft tissue defect with standard implant
Severe soft tissue defect with revision implant

Non-human cells 0a
0b
1a
1b
2a
2b
2c

No mature biofilm formation (former: acute), directly postoperatively
No mature biofilm formation (former: acute), late hematogenous
Mature biofilm formation (former: chronic) without “difficult to treat bacteria”
Mature biofilm formation (former: chronic) with culture-negative infection
Mature biofilm formation (former: chronic) with “difficult to treat bacteria”
Mature biofilm formation (former: chronic) with polymicrobial infection
Mature biofilm formation (former: chronic) with fungi

Morbidities 0
1
2
3a
3b
3c

Not or only mildly compromised (Charlson comorbidity index: 0–1)
Moderately compromised patient (Charlson comorbidity index: 2–3)
Severely compromised patient (Charlson comorbidity index: 4–5)
Patient refuses surgery
Patient does not benefit from surgery
Patient does not survive surgery

r Recurrent infection of a previously infected implant
“r” in front of the classification

cialist, and a senior consultant at baseline (T0) and again
at 90 d to assess intra-observer and inter-observer reliability
(T90).

Patient demographics and clinical characteristics are pre-
sented in Table 2. The cohort included 84 acute and 101
chronic infections, comprising of 91 males and 94 females.

Statistical analysis

Data were analyzed using Excel (v16.30; Microsoft Corpora-
tion, Redmond, WA, USA). Descriptive statistics were used
to summarize demographic and clinical variables and were
expressed as means, standard deviations, percentages, and
confidence intervals, where applicable.

Intra- and inter-observer reliability of the PJI-TNM classi-
fication was assessed using Cohen’s kappa coefficients. Cor-
relation analyses were performed to examine associations be-
tween TNM classification and patient-related factors (age,
sex, BMI, CCI, and smoking status), as well as with the dis-
tribution of causative bacteria in both acute and chronic PJIs.

Reliability was interpreted according to established thresh-
olds: values< 0.40 were considered poor agreement, 0.40–
0.59 fair agreement, 0.60–0.74 good agreement, and ≥ 0.75
excellent agreement (Cicchetti et al., 2006). These correla-
tion analyses were exploratory in nature and intended to gen-
erate hypotheses, therefore results should be interpreted with
caution.

All statistical analyses were performed using GraphPad
Prism 10.1.2 (GraphPad Software LLC, Boston, MA, USA)
and R Statistical Software (version 2024.04.2 for macOS; R
Core Team, Vienna, Austria).

3 Results

For acute PJI-TNM classifications, both intra-observer reli-
ability (time points 0 and 90 d) and inter-observer reliability
demonstrated excellent agreement with κ values consistently
above 0.75 and reaching over 0.90 for several comparisons.
For chronic PJI-TNM classifications, intra-observer reliabil-
ity remained good (κ = 0.85–0.96), whereas inter-observer
reliability was slightly lower but still within the good range
(κ = 0.75–0.85 across comparisons), as presented in Fig. 1.
This modest reduction in inter-observer agreement in chronic
PJI likely reflects the greater clinical and morphological
complexity of these cases, which may contribute to increased
variability in classification.

In acute infections, there was a tendency toward higher
TNM classifications in smokers (r ≈ 0.14–0.20). BMI
demonstrated the strongest positive correlation (r ≈ 0.25–
0.27), while the CCI showed a mild positive association. Age
and male sex exhibited mild negative correlations with TNM
classification, as presented in Fig. 2. Overall, these correla-
tions were small to moderate in magnitude.

In chronic infections, the CCI showed the strongest pos-
itive correlation with TNM classification (r ≈ 0.19–0.25).
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Table 2. Patient demographics.

All (n= 185) Acute PJIs (n= 84) Chronic PJIs (n= 101)

Mean age (years) 72.2± 12.1 73.6± 11.3 71.0± 12.6
Mean BMI (kg m−2) 27.1± 6.0 27.2± 6.5 27± 5.7
Sex

Female 94 (50.8 %) 45 (53.6 %) 49 (48.5 %)
Male 91 (49.2 %) 39 (46.4 %) 52 (51.5 %)

ASA score 2.7± 0.5 2.8± 0.5 2.6± 0.5
CCI 2.1± 1.9 2.4± 2.0 1.9± 1.9
Time from index THA to event (months) 41± 75 0.9± 1.4 67± 97

BMI, body mass index; CCI, Charlson comorbidity index; ASA, American Society of Anesthesiologists; THA, total hip arthroplasty.

Figure 1. Intra-observer and inter-observer reliability (κ values) at time point 0 (T0) and after 90 d (T90).

Age, sex, smoking status, and BMI demonstrated correla-
tions close to zero. Overall, no patient-related factor showed
a strong correlation with TNM classification in the chronic
dataset.

In acute PJI, higher TNM classifications were most
strongly associated with Staphylococcus capitis, Streptococ-
cus mitis, Pseudomonas aeruginosa, and Candida species.
Several organisms showed mild positive correlations, in-
cluding Acinetobacter baumannii, Enterococcus faecium,
and Staphylococcus aureus. Negative correlations were
observed for Staphylococcus epidermidis, Streptococcus
dysgalactiae, Enterobacteriaceae, anaerobes, and culture-
negative infections. Overall, these associations were small to
moderate and should be interpreted with caution.

In chronic PJI, higher TNM classifications demonstrated
the strongest positive correlations with multi-bacterial infec-
tions, Staphylococcus haemolyticus, Streptococcus dysgalac-
tiae, Pseudomonas aeruginosa, Enterobacter species, Ente-
rococci, and Escherichia coli. These organisms were more

frequently associated with advanced TNM staging; however,
the strength of these correlations remained small to moder-
ate.

In contrast, Staphylococcus epidermidis and Streptococcus
mitis showed low or weak correlations with TNM classifica-
tion, indicating that these pathogens were more commonly
found in cases with lower TNM stages. Overall, no single or-
ganism demonstrated a very strong association with TNM in
chronic infections, but polymicrobial infections and certain
Gram-negative bacteria showed the highest positive trends,
as illustrated in Fig. 3.

4 Discussion

In this study, we assessed the reliability and applicability
of the PJI-TNM classification in what is, to the best of our
knowledge, the largest cohort of acute and chronic peripros-
thetic hip joint infections, demonstrating excellent intra-
observer (κ ≈ 0.86–0.96) and inter-observer (κ ≈ 0.75–0.90)
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Figure 2. (a) Correlation of TNM classification with age, sex, CCI,
smoking, and BMI in acute PJIs. (b) Correlation of TNM classi-
fication with age, sex, and Charlson comorbidity index in chronic
PJIs.

agreement, supporting the reproducibility of this classifica-
tion system. The structured approach of the PJI-TNM classi-
fication may facilitate standardized assessment and commu-
nication among healthcare providers. Our findings indicate
that the system can be applied consistently across clinicians
with varying levels of experience, highlighting its practical
feasibility in clinical and research settings.

These results align closely with the initial validation study
by Baertl et al. (2024), which reported substantial repro-
ducibility when applied by orthopedic specialists, with ex-
cellent intra-observer reliability for certain subdomains (e.g.,
reinfection category, 94.8 % accuracy) and moderate inter-
observer reliability for others (e.g., implant condition).

Our findings extend this external validation to a larger
cohort (n= 185) and reflect real-world application by clin-
icians with heterogeneous clinical experience (senior con-
sultant, one board-certified specialist, and one arthroplasty-
experienced medical student in their final year).

Moreover, our results are consistent with Lunz et
al.’s (2023) work demonstrating significant correlations be-
tween preoperative PJI-TNM scores in chronic knee PJI
managed with two-stage revision, underscoring the classifi-
cation’s prognostic value (Lunz et al., 2023; Alt et al., 2023).

Figure 3. (a) Correlation of bacteria and TNM classification in
acute PJIs. (b) Correlation of bacteria and TNM classification in
chronic PJIs.
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In particular, our cohort showed similar patterns, with
M-status (comorbidities) showing mild positive associations
with TNM severity, supporting the idea that patient morbidity
augments classification granularity and treatment prediction.

Beyond reliability, early outcome data suggest that PJI-
TNM can serve as a prognostic tool. Fröschen et al. (2025)
found that PJI-TNM classification predicted revision-free
implant survival in hip and knee PJI populations, indicating
utility in guiding long-term outcomes.

Although our study did not measure survival directly, our
demonstration of classification consistency in both acute and
chronic contexts supports the PJI-TNM system’s use in fu-
ture outcome research.

Furthermore, our study was not designed to assess prog-
nostic performance or clinical outcomes, therefore no con-
clusions regarding treatment superiority, disease progression,
or patient outcomes can be drawn from our data. Neverthe-
less, comparisons with alternative frameworks reveal further
promise. Rocchi et al. (2025) reported that most available PJI
classification systems exhibit limited inter-rater reliability
when defining infection status, suggesting that PJI-TNM’s
structured, multi-dimensional format may offer better con-
sistency and clinical applicability.

This adds weight to our conclusion that PJI-TNM of-
fers improved reliability for clinicians managing PJIs, where
the TNM framework could potentially support structured
decision-making in future studies, while clearly emphasizing
that this requires prospective outcome-based validation.

Notwithstanding these strengths, several limitations arise.
Our retrospective single-center design may limit generaliz-
ability, and our raters, while diverse in experience, might still
share institutional biases. Furthermore, while we assessed re-
liability comprehensively, we did not study outcome predic-
tion such as reinfection rates. As Alt et al. (2023) suggest, fu-
ture research should prospectively validate PJI-TNM against
outcomes, such as reinfection, implant survival, or quality of
life and across multi-center cohorts (Rupp et al., 2021).

The growing momentum toward prognostic validation
(e.g., Kienzle et al., 2025, evaluating TNM with functional
outcome metrics) underscores this need.

In summary, our study reinforces the reliability and clin-
ical feasibility of the PJI-TNM classification in distinguish-
ing acute versus chronic infections in THA. When used by
clinicians spanning senior consultants to trainees, it demon-
strated reproducible classification across time points. This
foundation may support its future integration into treatment
algorithms, multi-center research, and prognostic model-
ing. Moving forward, prospective validation, especially con-
necting TNM profiles with surgical outcomes and patient-
reported measures, will be essential to confirm its ultimate
clinical value.

5 Conclusion

The application of the PJI-TNM classification in catego-
rizing acute and chronic periprosthetic hip joint infections
proves valuable for clinical classification. High intra- and
inter-observer agreement across different levels of clinical
experience supports its robustness in routine clinical prac-
tice.

In acute PJIs, both intra- and inter-observer reliability were
consistently high, highlighting the robustness of this frame-
work in early infection scenarios. In chronic PJIs, intra-
observer agreement remained strong, while inter-observer
reliability was slightly lower, reflecting the greater diag-
nostic complexity of long-standing infections. Nevertheless,
the overall consistency of the PJI-TNM system across time
points and observers underscores its potential as a standard-
ized tool to enhance clinical decision-making, improve com-
parability between studies, and support individualized treat-
ment strategies. By providing a systematic framework for
evaluating infection severity, the TNM classification could
improve patient outcomes and optimize treatment strategies.
Broader application and validation in prospective and multi-
center settings will further clarify its utility in routine prac-
tice.

Future research should focus on validating this classifica-
tion across larger, diverse populations and exploring its po-
tential integration into clinical practice guidelines.

Additionally, exploring the relationship between TNM
classification scores and specific treatment modalities could
offer insights into optimizing management strategies for both
acute and chronic infections.
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