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Abstract

Background: Periprosthetic joint infections (PJIs) and fracture-related infections (FRIs)
are severe complications in orthopedic and trauma surgery. This study aimed to evaluate
patient-reported health-related quality of life (HRQoL) in patients treated for PJI and FRI
across multiple centers in Germany and Switzerland. Methods: A retrospective cohort
study was conducted in nine hospitals based on a project of the Section “Musculoskeletal
Infections” of the German Society of Orthopaedics and Traumatology. Patients treated in
2021 were included to ensure a minimum 12-month follow-up. Diagnoses were verified
using EBJIS and FRI consensus criteria. HRQoL was assessed via telephone interviews
using the EQ-5D questionnaire and a visual analog scale (VAS). Reinfection rates and addi-
tional treatments were also recorded. Generalized estimating equations (GEEs) with age
and sex as covariates and clustering on center were used to compare groups, with p-values
adjusted for multiple testing using the Benjamini–Hochberg false discovery rate (FDR).
Results: In total, 384 patients were included (197 PJI, 187 FRI). Compared with the German
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reference population, both groups reported markedly reduced HRQoL across all EQ-5D
domains. After adjustment, PJI patients had higher odds of reporting problems in self-care
(OR 1.69, 95% CI 1.13–2.54, FDR-p = 0.033), usual activities (OR 1.68, 95% CI 1.14–2.47,
FDR-p = 0.033), and pain/discomfort (OR 2.35, 95% CI 1.31–4.21, FDR-p = 0.033) compared
with FRI patients. VAS scores were similar between groups (PJI: 52.8, FRI: 55.5; p = 0.489).
Reinfection was associated with significantly worse outcomes: in FRI, usual activities were
more impaired (OR 2.41, 95% CI 1.56–3.72, FDR-p = 0.0004); in PJI, reinfection was linked
to worse mobility (OR 2.14, 95% CI 1.55–2.95, FDR-p < 0.001), self-care (OR 3.70, 95% CI
2.49–5.49, FDR-p < 0.001), and usual activities (OR 3.92, 95% CI 2.76–5.57, FDR-p < 0.001).
Conclusions: This multicenter study highlights the burden of PJI and FRI on patient-
reported outcomes with a significant reduction in quality of life compared to the standard
population. PJI patients, in particular, experienced greater impairments in mobility, self-
care, and usual activities. Reinfection was associated with poorer outcomes, underscoring
the importance of patient-centered rehabilitation in managing musculoskeletal infections.

Keywords: quality of life; periprosthetic joint infection; fracture-related infection

1. Introduction
Bone and joint infections, particularly periprosthetic joint infections (PJIs) and fracture-

related infections (FRIs), represent serious complications in orthopedic and trauma surgery.
These infections not only pose significant challenges in terms of treatment but also have a
profound impact on patients’ long-term functional outcomes and overall quality of life [1,2].
PJI usually occurs after joint replacement surgery and often necessitates multiple revision
procedures, prolonged antibiotic therapy, and, in some cases, permanent joint dysfunction.
Similarly, FRI can develop after surgical fixation procedures, leading to delayed healing,
reoperations, and substantial disability with varying clinical appearances [3]. Given the
increasing number of orthopedic procedures and fracture fixations performed globally,
understanding the long-term consequences of these infections is essential [4,5].

Health-related quality of life (HRQoL) is a key outcome measure that reflects the
overall well-being of patients following medical interventions. While the clinical manage-
ment of PJI and FRI has been extensively studied, and research has highlighted that higher
postoperative psychological burden is associated with reduced outcomes and increased
infection risk in primary arthroplasty [6,7], less attention has been given to the impact of
these infections on patients’ daily lives, functional independence, and psychological well-
being [8]. Previous studies have suggested that chronic infections may lead to persistent
pain, mobility restrictions, and emotional distress [9–12], yet comprehensive multicenter
data on long-term HRQoL in this patient population remain limited. Therefore, a detailed
assessment of patient-reported outcomes is essential to guide future treatment strategies
and rehabilitation programs.

The primary aim of this study is to evaluate the long-term HRQoL outcomes in
patients treated for PJI and FRI in multiple healthcare centers in Germany and Switzerland.
Specifically, this study seeks to (1) assess HRQoL from patients with PJI and FRI using
standardized patient-reported outcome measures, including the EQ-5D questionnaire and
visual analog scale (VAS), (2) compare the HRQoL outcomes of PJI and FRI patients with
age-matched reference data from the German general population, and (3) assess the impact
of reinfection versus primary infection on patient-reported HRQoL outcomes.
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2. Materials and Methods
This study included patients treated for PJI or FRI in nine different hospitals in

Germany and Switzerland and was conducted as a project from the Section “Muscu-
loskeletal Infections” of the German Society for Orthopaedics and Traumatology (Deutsche
Gesellschaft für Orthopädie und Unfallchirurgie (DGOU). This study was conducted in
accordance with the Declaration of Helsinki. Ethical approval was obtained from the
following ethics committees: University Hospital Schleswig-Holstein, Kiel (D 598/23,
3 November 2023), BG Clinic Ludwigshafen (No. 2023-17398, 19 January 2024), BG Trauma
Center Frankfurt, Ethics Committee of the State Medical Association of Hessen (2023-3585-
zvBO, 30 November 2023), Ethics Committee Northwest and Central Switzerland (EKNZ;
Project-ID 2024-01244, Basel, 10 October 2024), University of Duisburg-Essen (24-11808-
BO, 15 April 2024), University Hospital Regensburg (23-3468-101, 31 August 2023), Ethics
Committee of the University of Lübeck (2024-166, 19 February 2024), Technical University
of Munich (714/20 S, 15 March 2024), Ethics Committee of Charité Berlin (EA4/114/23,
10 August 2024).

The indication classification was retrospectively verified through medical records,
applying the European Bone and Joint Infection Society (EBJIS) and FRI consensus definition
criteria to ensure standardized and objective diagnosis confirmation [13,14]. All patients
received treatment in 2021 ensuring a minimum follow-up period of 12 months at the
time of data collection in the years 2023 and 2024. Health-related quality of life was
assessed only once in a cross-sectionally manner, via telephone interview at least 12 months
after treatment. Patients were asked about any signs of reinfection, additional surgical
interventions required, and their current health status. For the latter, the European Quality
of Life 5 Dimensions (EQ-5D-3L) questionnaire was applied [15].

This instrument assesses five key dimensions related to different functional domains:
mobility, self-care, daily activities, pain/discomfort, and anxiety/depression. Additionally,
the visual analog scale (VAS) methodology was used, and scores were assessed via tele-
phone. To provide context for the health-related quality of life outcomes, patient responses
were compared with German reference population values to assess deviations from ex-
pected health status in the general population [16]. The reference data were age-matched.
For the subgroup analysis of infection recurrence, the “reinfection” group was defined as
patients with either (i) a documented history of previous infection in the same anatomical
region, or (ii) treatment failure during follow-up, i.e., relapsed infection requiring additional
surgical treatment.

Statistical Analysis

Data analysis was conducted using SPSS Statistics version 28.0 (IBM, Armonk, NY,
USA). Descriptive statistics are presented as mean ± standard deviation (SD) for continu-
ous variables and absolute frequencies (n) and percentages (%) for categorical variables.
Unadjusted comparisons of categorical variables (e.g., sex distribution) were performed
using the chi-square test for independence; if expected cell counts were <5, Fisher’s exact
test was applied.

Each EQ-5D-3L domain was modeled as a binary outcome (any problem vs. no
problems; levels 2–3 vs. level 1). Between-group effects (PJI vs. FRI) and within-group
effects (reinfection vs. primary) were estimated using generalized estimating equations
(GEE) with a binomial family and exchangeable working correlation, clustering on center to
account for the multicenter design. All models included group (exposure), age (continuous),
and sex as covariates.

Continuous variables (age and VAS score) were assessed for equality of variances
using Levene’s test. Given the difference in variance between groups, Welch’s t-test, a
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robust variation of the independent t-test, was used for group comparisons of continuous
variables. Additionally, Cohen’s d effect size was calculated to assess the magnitude of
the difference, with interpretation based on standard thresholds: small (d = 0.2), medium
(d = 0.5), and large (d ≥ 0.8) [17]. All comparisons across EQ-5D domains and subgroups
were adjusted for multiple testing using the Benjamini–Hochberg false discovery rate (FDR)
procedure. A p-value of <0.05 after adjustment was considered statistically significant.

3. Results
The total study cohort included 384 patients, with 197 in the PJI group and 187 in

the FRI group (Tables 1 and 2). In the PJI group, the most commonly affected anatomical
locations were the hip (n = 107, 54.3%), followed by the knee (n = 79, 40.1%) and shoulder
(n = 11, 5.6%). A total of 92 patients (46.7%) presented with a reinfection, indicating
that they had previously experienced a periprosthetic joint infection before the current
episode. 36 patients of the 197 PJI patients (18.3%) experienced treatment failure, requiring
additional surgical intervention due to persistent or recurrent infection. In the FRI group,
57 patients (30.5%) presented with a reinfection, indicating prior infection episodes in the
same anatomical region. In the complete cohort, 42 cases (22.4%) were classified as open
fractures. In total, 48 patients (25.7%) required additional surgery due to reinfection-related
treatment failure, while 139 patients (74.3%) achieved successful fracture consolidation
without further interventions. The analysis of demographic characteristics revealed no
statistically significant difference in sex distribution between the PJI (female: 43.2%, male:
56.8%) and FRI cohort (female: 36.9%, male: 63.1%) group (p = 0.462, chi-square test).
However, a significant difference was observed in age, with the PJI group being significantly
older (mean age: 70.1 ± 11.1 years) compared to the FRI group (58.0 ± 15.0 years), (p < 0.001,
Welch’s t-test).

Table 1. Demographics of PJI patients.

Variable PJI

Total number of patients 197
Mean age in years 70.1 ± 11.1
Sex (female/male) 85/112

Anatomical localization
Hip 107 (54.3%)

Knee 79 (40.1%)
Shoulder 11 (5.6%)

Patients with prior infection 92 (46.7%)
Number of surgeries for index treatment 1.8 (range 1–8)

Recurrence of infection 36 (18.3%)

Table 2. Demographics of FRI patients.

Variable FRI

Total number of patients 187
Mean age in years 58.0 ± 15.0
Sex (female/male) 69/118

Anatomical localization
Femur 23 (12.3%)

Acetabulum 3 (1.6%)
Tibia 94 (50.3%)

Fibula 6 (3.2%)
Ankle 22 (11.8%)
Foot 13 (7.0%)
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Table 2. Cont.

Variable FRI

Ulna 2 (1.1%)
Radius 5 (2.7%)

Patients with prior infection 57 (30.5%)
Number of surgeries for index treatment 2.5 (range 1–16)

Recurrence of infection 48 (25.7%)

3.1. HRQoL in PJI and FRI Patients

For PJI, the highest proportion of severe limitations was observed in mobility
(26.4%), followed by usual activities (28.93%) and pain/discomfort (27.92%). The anx-
iety/depression dimension had the largest proportion of participants without limitations
(48.73%) and the lowest proportion with severe limitations (15.23%) (Figure 1). For FRI, the
highest overall limitation burden (i.e., the sum of mild and severe limitations) was observed
in the mobility domain, with 75.93% of respondents reporting either mild (56.68%) or severe
(19.25%) limitations. Similarly, high levels of limitations were reported for pain/discomfort
(71.66%) and usual activities (64.71%) (Figure 2).

Figure 1. Scores of the subdimensions of the EQ-5D reported by PJI patients.

Figure 2. Scores of the subdimensions of the EQ-5D reported by FRI patients.
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3.2. Comparison of HRQoL Outcomes Between PJI and FRI Patients with Age-Matched Reference
Data from the German General Population

When comparing both patient cohorts to the German reference population, PJI and FRI
patients showed significantly higher impairment in all EQ-5D dimensions (p < 0.01 for all
comparisons). In the mobility domain, limitations were reported by 81.2% of PJI and 75.9%
of FRI patients, while only 15.9% of the general population experienced similar restrictions.
Self-care difficulties were noted in 54.3% of PJI and 32.1% of FRI patients, compared to just
2.7% in the reference population. Impairments in usual activities were reported by 76.1%
of PJI and 64.7% of FRI patients, whereas only 9.9% of the general population experienced
comparable limitations. Similarly, pain or discomfort was present in 77.7% of PJI and 71.7%
of FRI patients, while 27.6% of the general population reported similar symptoms. Anxiety
or depression was reported by 51.3% of PJI and 43.3% of FRI patients, significantly higher
than the 4.3% observed in the German reference population (Figures 1–3). Compared to
age-matched German VAS score reference values of the general population (68.6 ± 1.1 for
PJI and 72.9 ± 1.0 for FRI), the effect size for the difference was large for both comparisons,
with PJI patients showing a Cohen’s d of −0.90 and FRI patients a Cohen’s d of −0.89,
indicating a substantial reduction in perceived health status.

Figure 3. Proportions of patients reporting any limitations in each EQ-5D subdomain for PJI (shown
in dark grey), FRI (shown in light grey) and a German reference population (shown in white). All
comparisons were statistically significant on a p < 0.001 level.

3.3. Comparison of HRQoL Between Patients with PJI and FRI

After adjustment for age, sex, multicenter clustering, and multiple testing (FDR), PJI
patients had significantly higher odds of reporting problems in self-care (OR 1.69, 95% CI
1.13–2.54, FDR-p = 0.033), usual activities (OR 1.68, 95% CI 1.14–2.47, FDR-p = 0.033), and
pain/discomfort (OR 2.35, 95% CI 1.31–4.21, FDR-p = 0.033) compared with FRI patients.
Differences in mobility (OR 1.71, 95% CI 0.88–3.34, FDR-p = 0.100) and anxiety/depression
(OR 1.54, 95% CI 0.91–2.61, FDR-p = 0.099) were not statistically significant after FDR
correction. The mean VAS score was 52.8 ± 24.8 in the PJI group and 55.5 ± 27.5 in the FRI
group, with no significant difference between groups (p = 0.489).

3.4. Impact of Recurrence of Infection After Index Treatment Versus Primary Infection on
Patient-Reported HRQoL Outcomes

After adjustment for age, sex, multicenter clustering, and multiple testing (FDR), the
comparison between FRI reinfection and primary FRI cases showed a significant difference
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only in the domain of usual activities (OR 2.41, 95% CI 1.56–3.72, FDR-p < 0.001), with
reinfected patients reporting greater limitations. No significant differences were observed
in mobility, self-care, pain/discomfort, or anxiety/depression (Figure 4). Within the PJI
group, reinfection was associated with markedly higher odds of limitations in mobility (OR
2.14, 95% CI 1.55–2.95, FDR-p < 0.001), self-care (OR 3.70, 95% CI 2.49–5.49, FDR-p < 0.001),
usual activities (OR 3.92, 95% CI 2.76–5.57, FDR-p < 0.001) and anxiety/depression (OR
1.87, 95% CI 1.01–3.47, FDR-p = 0.046). Differences in pain/discomfort (FDR-p = 0.059) did
not remain statistically significant after correction (Figure 5).

Figure 4. Proportions of patients reporting no problems, mild limitations, and severe limitations
in each EQ-5D subdomain for FRI reinfection and primary FRI cases. Statistical comparisons were
performed using generalized estimating equations (GEE) with binomial distribution, adjusted for
age and sex and clustered by center. Reported p-values are Benjamini–Hochberg false discovery rate
(FDR) adjusted. *** FDR-p < 0.001.

Figure 5. Proportions of patients reporting no problems, mild limitations, and severe limitations
in each EQ-5D subdomain for PJI reinfection and primary PJI cases. Statistical comparisons were
performed using generalized estimating equations (GEE) with binomial distribution, adjusted for age
and sex and clustered by center. Reported significance levels are based on Benjamini–Hochberg false
discovery rate (FDR) adjusted p-values. *** FDR-p < 0.001, * FDR-p < 0.05.
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4. Discussion
This multicenter study provides a comprehensive analysis of HRQoL in patients

treated for PJI and FRI, demonstrating significant impairments across multiple domains.
Compared to age-matched reference populations, both PJI and FRI patients reported
substantially lower HRQoL scores, highlighting the long-term burden of bone and joint
infections. Our findings indicate increased anxiety and depression scores among reinfected
FRI patients, which aligns with prior studies demonstrating higher rates of depression
and anxiety in FRI patients postoperatively. Notably, prior studies have shown that FRI
patients experience a higher psychological burden following reinfection, with increasing
anxiety levels after surgery and lower expectations of returning to normal health [18].
Additionally, prevalence of depressive symptoms was shown to be up to four times higher
in PJI patients undergoing two-stage exchange procedures compared to those undergoing
aseptic revisions (40.5% vs. 10.8%, p < 0.01) [19]. Thus, implementing routine psychological
screening in orthopedic patient populations and incorporating mental health professionals
in the management may represent a valuable future direction [20,21]. Our findings support
these trends, suggesting that reinfection exacerbates psychological distress and contributes
to a lower perceived quality of life. Our study identified significant impairments in mobil-
ity, self-care, and usual activities among PJI patients, as well as in usual activities in FRI
patients. These findings align with prior studies reporting increased rates of assistive device
usage among PJI patients, with an adjusted OR of 3.10 for total hip arthroplasty (THA)
patients and 5.40 for total knee arthroplasty (TKA) patients [22]. Furthermore, it was shown
that compared to primary THA patients, PJI patients exhibit lower Oxford Hip Scores and
a greater likelihood of requiring assisted living (21% vs. 12%, OR 2.0, p = 0.01) [23]. These
results are consistent with our findings that mobility impairments remain one of the most
persistent challenges in both PJI and FRI patients. Similarly, previous studies have shown
that PJI patients undergoing two-stage revision surgeries experience lasting functional im-
pairments, with a substantial proportion unable to negotiate stairs (20.5%), suffering from
worse physical health (39.6%), and reporting worse mental health (25.2%) [24]. Our data
support this, emphasizing the need for intensive post-treatment rehabilitation strategies.
Encouragingly, a prospective study over a 12-month period has shown the potential for
improvements in mobility, self-care, and usual activities suggesting that many patients
regain functional independence, although a subset continues to experience significant chal-
lenges [25]. Also, longitudinal FRI studies have reported notable functional recovery, with
severe mobility limitations decreasing from 20.0% preoperatively to 0% at 12 months [26].
However, this was not reflected in our cohort, where functional impairments remained
persistent, particularly in reinfected cases, suggesting that differences in patient selection,
treatment protocols, and reinfection rates may play a significant role in long-term outcomes.
In line, prior studies have also shown permanent disability in up to 64% (n = 111) patients
after FRI treatment [27] and it has been reported that FRI patients generally exhibit worse
HRQoL outcomes compared to non-FRI patients [28] and the general population [29]. This
underscores the importance of a multidisciplinary treatment approach, which has been
shown to enhance patient outcomes [30,31].

Limitations

Despite the strengths of this study, several limitations should be acknowledged. First,
the data was obtained cross-sectional, meaning that no preoperative baseline is available.

Further, the retrospective nature of data collection may introduce recall bias, partic-
ularly in patient-reported outcomes obtained through telephone interviews. Second, the
reliance on self-reported HRQoL measures, while validated and widely used, may be
subject to subjective interpretation and variability between respondents. Factors such as
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psychological resilience, social support, and pre-existing health conditions could influence
how individuals perceive their quality of life, potentially leading to response bias. Ad-
ditionally, while we used standardized instruments like the EQ-5D and VAS, these tools
may not fully capture all dimensions of post-infection recovery, such as fatigue, physical
endurance, and cognitive impact. Other potentially relevant influencing factors, including
side effects of prolonged antibiotic therapy, the need for mobility aids and dependency on
professional or family care, were not systematically captured in this retrospective design.
Another limitation is the lack of direct comparisons between different surgical treatment
strategies. While surgical management of PJI and FRI varies widely, ranging from debride-
ment and implant retention (DAIR) to two-stage revisions and amputation, our study did
not specifically evaluate the impact of different treatment choices on HRQoL outcomes.
Detailed surgical information, such as the use of spacers or specific revision procedures,
was not consistently available across centers and therefore could not be analyzed. Addi-
tionally, while our study adjusted for reinfection status, we did not account for potential
differences in infection severity, microbial resistance profiles, or systemic comorbidities,
all of which may have influenced outcomes. It has been previously reported that patients
with ‘complex’ or ‘limited treatment options’ PJI experience significantly lower EQ-5D
scores compared to ‘uncomplicated’ cases [26] suggesting that there are more key factors to
classify the complexity of bone and joint infection that warrant further investigation [3].
Due to the heterogeneity of patient populations across centers and the limited sample size
within subgroups, the statistical power for further stratified analyses was restricted, and
the results should be interpreted as exploratory. Finally, while the multicenter nature of this
study improves its generalizability, our cohort was limited to hospitals in Germany and
Switzerland, and the findings may not be fully applicable to other healthcare settings with
different infection management protocols, rehabilitation access, or socioeconomic factors.

5. Conclusions
In conclusion, our findings contribute to the growing body of evidence highlighting the

long-term burden of bone and joint infections on patient-reported quality of life. Compared
to prior studies, our cohort demonstrated persistently lower HRQoL scores, particularly in
patients with recurrent PJI, supporting the notion that reinfection leads to greater physical
disability. Given the high rates of mobility impairments, self-care limitations, and restricted
usual activities observed in our study, future research should focus on developing patient-
centered rehabilitation programs, and multidisciplinary care pathways to improve long-
term outcomes.
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