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Aims
Fracture-related infections (FRIs) are a devastating complication of fracture management.
However, the impact of FRIs on mental health remains understudied. The aim of this study
was a longitudinal evaluation of patients’ psychological state, and expectations for recovery
comparing patients with recurrent FRI to those with primary FRI.

Methods
A prospective longitudinal study was conducted at a level 1 trauma centre from January 2020 to
December 2022. In total, 56 patients treated for FRI were enrolled. The ICD-10 symptom rating
(ISR) and an expectation questionnaire were assessed at five timepoints: preoperatively, one
month postoperatively, and at three, six, and 12 months.

Results
Recurrent FRI cases consistently exceeded the symptom burden threshold (0.60) in ISR scores
at all assessment points. The difference between preoperative-assessed total ISR scores and the
12-month follow-up was not significant in either group, with 0.04 for primary FRI (p = 0.807)
and 0.01 for recurrent FRI (p = 0.768). While primary FRI patients showed decreased depression
scores post surgery, recurrent FRI cases experienced an increase, reaching a peak at 12 months
(1.92 vs 0.94; p < 0.001). Anxiety scores rose for both groups after surgery, notably higher in
recurrent FRI cases (1.39 vs 1.02; p < 0.001). Moreover, patients with primary FRI reported lower
expectations of returning to normal health at three (1.99 vs 1.11; p < 0.001) and 12 months (2.01
vs 1.33; p = 0.006).

Conclusion
The findings demonstrate the significant psychological burden experienced by individuals
undergoing treatment for FRI, which is more severe in recurrent FRI. Understanding the
psychological dimensions of recurrent FRIs is crucial for comprehensive patient care, and
underscores the importance of integrating psychological support into the treatment paradigm
for such cases.

Take home message
• This study highlights the significant

psychological impact of fracture-related
infections (FRIs), particularly recurrent FRIs,
on patients.

• It demonstrates that patients with recur-
rent FRIs experience higher levels of
depression and anxiety over time com-
pared to those with primary FRIs.

• The findings emphasize the necessity of
incorporating psychological support into

the treatment plans for patients dealing
with recurrent FRIs to ensure comprehen-
sive care.

Introduction
Orthopaedic and trauma surgery is perpet-
ually challenged by the complexities of
bone and joint infections (BJIs), giving rise
to multifaceted implications for patients,
their families, and healthcare systems alike.
These infections encompass a spectrum
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of conditions, including fracture-related infections (FRIs).1 FRIs
present a devastating array of complications that demand
intricate management strategies.2 The anticipated increase in
long bone fractures, particularly within the elderly popula-
tion, underscores the seriousness of this concern.3 The risk
of post-traumatic infection is nuanced, ranging from 1% to
2% for closed fractures, and escalating up to 30% for Gus-
tilo-Anderson type III open tibia fractures.4 The achievement
of infection eradication boasts variable success rates, with
reported recurrence rates between 13% and 21%.5-7

The aftermath of FRIs encompasses a spectrum of
challenges, including immobility, potential fear of amputa-
tions, extended hospital stays, multiple surgeries, and the
socioeconomic implications of income loss.8,9 The financial
burden is substantial, with direct healthcare costs estimated
to be six to eight times higher than in noninfected cases,
largely attributed to extended hospitalization.10,11 Recent
consensus regarding the definition of FRI offers clarity,
yet effective management remains intricate, necessitating
interdisciplinary collaboration and comprehensive guide-
lines.12 Surgical objectives encompass infection eradication
and restoration of bone integrity and stability, often entail-
ing multistage interventions.13 Moreover, the recurrence of
FRI presents a particularly concerning scenario, potentially
leading to greater morbidity, prolonged treatment courses,
and heightened psychological distress.14 Notably, a nationwide
analysis conducted in Germany revealed that over 25% of
all FRIs (1,893 out of 7,158 individuals) had a pre-existing
secondary psychological comorbidity according to diagnoses
of the International Classification of Diseases (ICD)-10 chapter
F.15 Further, it was observed that the number of patients with
psychological comorbidities had increased by 24% over the
past decade.16

However, despite the prevailing emphasis on surgical
evaluation, research focusing on patient-reported outcomes
remains limited. Notably, the profound impact of FRI on
mental health, the intricate psychological adaptation to
the trauma, and the occurrence of FRI as a consequen-
tial secondary sequela have been relatively underexplored.
These crucial facets deserve meticulous attention in order to
comprehensively understand the holistic implications of FRI
beyond the physical realm.

Therefore, the aim of this study was a longitudinal
assessment of psychological symptom burden and expecta-
tions of recovery in patients with recurrent FRI in comparison
to those with primary FRI. By exploring the nuances of these
psychological dimensions in the context of reinfection cases,
this research seeks to contribute to a more comprehensive
understanding of the psychological impact of FRI and to
inform strategies for improved patient care and outcomes.

Methods
Design, setting, and participants
A prospective, longitudinal study of patients treated for FRI
was conducted in a Level 1 trauma centre in Germany. The
inclusion period was defined from January 2020 to Decem-
ber 2022. A FRI was verified in all cases according to the
consensus definition.17 FRI was verified through the fulfilment
of at least one of the subsequent confirmatory criteria: 1)
the presence of fistula, sinus tract, or wound breakdown; 2)
observation of purulent drainage or pus during the surgical

procedure; 3) identification of phenotypically indistinguisha-
ble microorganisms through culture in at least two distinct
deep-tissue/implant samples (inclusive of sonication fluid);
and 4) histopathological discoveries such as microorganism
presence in deep-tissue samples or the identification of more
than five polymorphonuclear neutrophils (PMNs) per high-
power field (HPF).18 To ensure comparability between cases
with primary FRI and recurrent FRI, it was verified that both
groups remained infection free during the 12-month follow-up
period. In the event that a patient exhibited confirmatory
symptoms of FRI requiring additional treatment within that
timeframe, the follow-up period was reset to the initial point.

The exclusion criteria included patients with multiple
fractures, pathological fractures, a known comorbid psycho-
logical disorder according to chapter F of the ICD-10,15

malignancy, or antibiotic therapy due to any other infectious
disease. Additionally, to address missing values, only patients
who had completed all questionnaires in full were considered.
Eligible patients aged 18 years or older were consecutively
enrolled. Patients were enrolled regardless of whether they
presented with primary infection or reinfection and whether
the initial fracture was open or closed.

Informed consent was obtained from all individual
participants included. The study was approved by the
institutional ethics committee of the University Clinic of
Regensburg according to the Declaration of Helsinki (file
number 20-1680-101).19 This study was registered at the
German Clinical Trials Register (DRKS; file number: 00025492).

In total, 56 patients were included in the study. Out
of these, 16 (28.6%) presented with a recurrent FRI. Overall,
more patients were male than female in both groups (58.7% vs
28.3%, and 68.8% vs 31.2%; p = 0.930). The distribution of sex
among the patients showed no significant difference between
the two groups (p = 0.930). The mean age of patients with and
without reinfection was 56.2 years (standard deviation (SD)
15.2) and 57.1 years (SD 14.5), respectively. This difference was
not statistically significant (p = 0.839) (Table I).

Outcome measures
The following patient-reported outcome measures (PROMs)
were assessed at five different timepoints, specifically one
week preoperatively, one month postoperatively, and after
three, six, and 12 months. The questionnaires were admin-
istered by the study team in person during inpatient treat-
ment and ambulatory visits. Additionally, at each timepoint
clinical data were collected including site of infection,
radiographs, and treatment procedure. Open fractures were
classified according to the Gustilo-Anderson classification.20

Revision rates were defined as required surgeries between
infection occurrence and infection eradication. Achieved bone
consolidation was determined with an evaluated RUST score >
10.21

The ICD-10 sympton rating (ISR) is an inventory for
symptom rating based on the ICD-10 classification system.
It serves as a licence-free alternative to the well-known
international SCL90 (Symptom Checklist 90).22 In a compa-
rative study, the total scales of ISR and SCL-90 showed
a strong correlation of r = 0.833.23 The ISR comprises 29
items, and respondents rate each item on a five-point scale.
The inventory assesses various factors, including depression,
anxiety, obsession, somatic symptoms, eating disorders, as
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well as additional supplementary factors related to suicide,
sleep problems, memory issues, sexuality, and traumatic
experiences.24 The overall internal consistency of the ISR is
high, with a Cronbach’s α of 0.92 for the total score, and the
syndrome scales also show good internal consistency, ranging
between 0.78 and 0.86.25

To assess patients’ expectations, the German version of
the HSS expectation questionnaire, originally developed for
hip arthroplasty, was used.26,27 The instrument consists of 18
items assessing the four dimensions “everyday activity”, “pain
relief and functional improvement”, “medication and social
participation”, and “gait improvement”. The items are rated on
a four-point Likert scale ranging from “back to normal state or
complete improvement” to “not back to normal state, but a
slight improvement”. The internal consistency was determined
with a Cronbach’s α of 0.89.26

Table I. Patient characteristics.

Characteristic
FRI without
reinfection (n = 40)

Reinfection FRI
(n = 16)

p-
value*

Sex, n (%) 0.930

Male 27 (58.7) 11 (68.8)

Female 13 (28.3) 5 (31.2)

Mean age, yrs (SD) 56.2 (15.2) 57.1 (14.5) 0.839

Open fractures, n
(%) 16 (40.0) 4 (25.0) 0.045

GA II 6 1

GA IIIa 5 0

GA IIIb 3 2

GA IIIc 2 1

Anatomical
localization, n (%) 0.597

Humerus 2 (5.0) 1 (6.3)

Femur 4 (10.0) 3 (18.8)

Tibia 23 (57.5) 7 (43.8)

Ankle 6 (15.0) 3 (18.8)

Foot 5 (12.5) 2 (12.1)

Mean time from
injury to symptom
onset, days (SD) 83.1 (11.2) 84.7 (14.3) 0.987

Mean revision rate
(range) 2.1 (1 to 4) 2.1 (1 to 5) 0.920

Surgical procedure,
n (%) 0.802

DAIR 2 (5.0) 1 (6.3)

External fixation 6 (15.0) 2 (12.5)

One-stage exchange 17 (42.4) 2 (12.5)

Two-stage exchange 11 (27.5) 7 (43.8)

Arthodesis 2 (5.0) 3 (18.8)

Amputation 2 (5.0) 1 (6.3)

*Independent-samples t-test.
DAIR, debridement, antibiotics and implant retention; GA, Gustilo-
Anderson; SD, standard deviation.

Statistical analysis
Data analysis was conducted using SPSS Statistics v. 28.0
(IBM, USA). Descriptive measures were calculated for all the
variables. Mean and SD were used to express continuous
variables. To compare continuous variables between the two
groups, independent-samples t-tests were used, following
confirmation of suitable distribution for parametric testing
through Levene’s test. To compare continuous variables within
one group assessed at longitudinal timepoints, a repeated
measures analysis of variance (ANOVA) with a Bonferroni-
adjusted post-hoc analysis to control for inflated type I errors
was calculated, following confirmation of suitable distribution
for parametric testing through Levene’s test. There were no
violations of the assumption of homogeneity of variances.
Significance was set at p < 0.05.

Results
In cases without reinfection, 16 patients (40.0%) had open
fractures, compared to four patients (25%) in the reinfection
group (p = 0.045, independent-samples t-test). In both groups,
the majority of infections were anatomically localized at the
tibia. The mean revision rate was similar for both cases without
reinfection and reinfection cases, with values of 2.1 (p = 0.920,
independent-samples t-test) (Table I). All patients remained
infection-free in the 12 months’ follow-up interval, and bone
consolidation was achieved in 51 (91.1%) patients. Three
patients underwent an amputation and two patients required
a total knee arthroplasty in the follow-up time due to severe
gonarthritis.

Comparing participants with primary infection and
cases with recurrent FRI, significant differences were observed
in the trajectories of their psychological scores over different
time intervals (Figure 1). Preoperatively, the ISR total score
for primary infection cases was 0.77, while for cases with
recurrent FRI the score was 0.60. This difference was statisti-
cally significant (p = 0.022). The difference was even more
pronounced at one month’s follow-up (0.94 vs 0.46; p ≤
0.001). There was no statistically significant difference three
months postoperatively. However, at the six-month assess-
ment, primary infection cases had an ISR total score of 0.74,
while recurrent FRI cases had a score of 0.520, showing a
statistically significant difference (p = 0.002). After 12 months,
primary infection cases reached an ISR total score of 0.81,
whereas recurrent FRI cases had a score of 0.59 (p = 0.016).
Notably, the clinically relevant threshold for symptom burden,
set at 0.60, was exceeded by the group of recurrent FRI cases
at each timepoint of assessment. However, the difference
between preoperative-assessed total ISR scores and the 12
months’ follow-up was not significant in both groups, with
0.04 for primary FRI (p = 0.807) and 0.01 for recurrent FRI (p =
0.768).

Regarding the depression subscales, no difference was
observed in the preoperatively evaluated scores. Patients with
a primary FRI exhibited decreased depression scores after the
surgery, while the scores went up for recurrent FRI cases (1.59
vs 0.87 at one month; p < 0.001). For primary FRI cases the
scores remained relatively stable, while the recurrent FRI group
displayed a considerable increase reaching a peak of 1.92 at
12 months (p < 0.001). Also, here, the threshold for symp-
tom burden (1.0) was crossed at each evaluation timepoint
for the reinfection group. A longitudinal comparison of the
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depression scores assessed preoperatively and at 12 months
revealed a statistically significant increase for the reinfected
FRI cohort (1.29 vs 1.92; p = 0.001), while the scores decreased
significantly in the primary FRI cohort (1.15 vs 0.94; p = 0.015).
Analyzing the anxiety subscale scores showed that before
the surgical intervention, primary infection cases displayed an
anxiety subscale score of 0.63, while cases with recurrent FRI
had a higher score of 0.79 (p = 0.005). For both groups, the
anxiety level increased after the surgery, which was higher for
the recurrent FRI group (1.39 vs 1.02; p < 0.001). The defined
threshold for symptom burden of 1.0 was surpassed by both

cohorts at one month. Comparing the preoperative anxiety
scores with those at the final follow-up revealed a decrease
in the recurrent FRI group (0.79 vs 0.59; p = 0.024), while the
scores in the primary FRI group did not change significantly.

Participants’ expectations of returning to a state of
normal health exhibited fluctuations over the study period.
While there was no difference in the scores preoperatively,
patients with a primary FRI had significantly lower expecta-
tions at three months (1.99 vs 1.11; p < 0.001), as well as at
12 months (2.01 vs 1.33; p = 0.006) (Figure 2). The Pearson

Fig. 1
Mean values of the International Classification of Diseases-10 symptom rating (ISR) responses shown for a) the total score, b) the subscale depression,
and c) the subscale anxiety. Higher scores stand for higher symptom burden. Scores in the green area are defined as no symptom burden and the
yellow area codes for suspected symptom burden. The red area shows the threshold for clinically relevant symptom burden, which is 0.6 for the total
score, and 1.0 for depression and anxiety, respectively. *p ≤ 0.05, independent-samples t-test.
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correlation did not reveal any statistically significant associa-
tion between the ISR and the expectation scores.

Discussion
This longitudinal study aimed to investigate the psycholog-
ical impact of recurrent FRI in comparison to primary FRI.
The main findings demonstrated that patients with primary
FRI exhibited lower total ISR scores, as well as lower depres-
sion scores, at all timepoints of assessment compared to
the preoperative scores, while only anxiety scores were
elevated one month postoperatively. In comparison, patients
with recurrent FRI exhibited a higher psychological symptom
burden. Notably, the total ISR scores and the depression scores
exceeded the clinically relevant threshold for symptom burden
at all timepoints of assessment. In both groups, a longitudinal
comparison of the ISR total scores assessed preoperatively
and at the 12-month follow-up did not reveal significant
changes. However, the depression subscores increased for
the reinfected FRI cohort (1.29 vs 1.92; p = 0.001), while the
scores decreased in the primary FRI cohort (1.15 vs 0.94; p
= 0.015). Interestingly, the anxiety subscores were found to
be significantly decreased after 12 months in patients with
recurrent FRI. A comparable study conducted with peripros-
thetic joint infection patients has shown that in the ISR, total
scores were statistically significantly higher at a 12-month
follow-up compared to preoperatively assessed scores (0.55
vs 0.87; p = 0.002). Additionally, depression and anxiety scores
increased with time and peaked at six months (1.6; p = 0.005)
and 12 months (1.12; p = 0.001), respectively.28

The psychological burden of patients dealing with FRI
has not received substantial attention. Failing to acknowledge
the significance of these challenging circumstances might
have repercussions on resource distribution and the ranking of
preventative actions, and could even hinder the incorporation
of counselling as an essential element within trauma surgery
standard care. As such, this finding underscores the necessity

of directing future research endeavours towards comprehend-
ing the psychological needs of orthopaedic patient cohorts.29

Aligned with the presented results, it has been demonstrated
that FRI patients report significantly lower quality of life in
comparison to normative data. In that cohort, 32.4% of the
patients (12/37) surpassed the clinically significant threshold
for the burden of depression symptoms evaluated with the
ISR even after a mean of 4.2 years after successful treat-
ment with achieved infection eradication and bone consolida-
tion.30 A recent qualitative study additionally revealed clear
indications from FRI patients about their need for psycho-
logical support. The patients reported that meditation and
yoga practices served as valuable tools for them to maintain
a positive outlook during recovery.14 While the efficacy of
such supplementary therapeutic approaches in FRI patients
awaits validation, their incorporation into clinical practice
could be a practical and cost-effective measure. In addition,
it is well established that patients benefit from the incorpo-
ration of multidisciplinary teams,12,31 and the results of this
study emphasize the potential of and rationale for including
a psychologist as a vital member of the treatment team. The
presented data indicate a notable divergence in psychological
scores during the treatment period, particularly evident at one
month postoperatively. This introduces a critical dimension
to our understanding of patient recovery following surgical
interventions for FRI, suggesting that the immediate postoper-
ative phase may be particularly challenging for patients. This
calls attention to the vulnerability of patients during the initial
stages of recovery, prompting consideration for proactive and
targeted psychological interventions in the early postopera-
tive period. Furthermore, the persistence of psychological
impairment with regard to depression at later timepoints of
assessment in cases of recurrent FRI emphasizes the need
for sustained psychological support throughout the recovery
trajectory in this patient group.

Fig. 2
Mean expectation scores. Higher scores depict lower expectation to return to a state of normal health. *p ≤ 0.05, independent-samples t-test.
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The findings of this study demonstrated that patients
with a primary FRI had significantly lower expectations of
returning to a state of normal health compared to recurrent
FRI patients at three months and 12 months. One possible
interpretation of this is that patients with recurrent FRI may
have developed a more optimistic outlook on their recov-
ery expectations due to their prior experience with the
complication. Patients who have faced a similar treatment
before may have learned to adapt to the challenges of
recovery, cope with pain, and set more realistic recovery goals.
Such familiarity with the recovery process might result in a
more positive outlook, leading them to anticipate a higher
likelihood of returning to normal health. Moreover, patients
with recurrent FRI might have benefited from improved social
support networks and rehabilitation strategies built from
their earlier experiences, further enhancing their optimism
regarding recovery. In the recurrent FRI group, expectations
increased longitudinally until the six-month follow-up when
the trend reversed. This observation aligns with the possibility
that as time passed and their initial improvements became
less pronounced, they may have experienced a decline in
their perceived prospects for recovery. The same potential
explanation may apply for the observation that expectations
decreased at three months in the primary FRI groups. The
patients may have received more intensive medical care and
rehabilitation immediately following their injury, leading to
substantial initial progress in their recovery. As a result, at
the three-month assessment, they may have experienced a
decline in the rate of improvement, which could lead to
lower expectations. These patients may have expected their
recovery to continue at the same pace as the initial stages but
found that it was slowing down, causing them to rate their
expectations lower on the HSS.

Numerous limitations necessitate careful consideration
when interpreting the outcomes of this study. First, its sample
size and exclusive focus on a single centre may restrict the
extent to which the findings can be generalized beyond this
specific context. Furthermore, the relatively modest cohort
size precludes the ability to conduct subgroup analyses
for distinct fracture localizations and to compare different
treatment approaches. In addition, the longitudinal nature
of the study, while valuable for capturing temporal changes,
does not establish definitive causality and cannot fully address
potential fluctuations in patients’ psychological wellbeing that
might be attributed to factors unrelated to FRI treatment.
In addition, only patients who completed all questionnaires
were included in the analysis, potentially introducing bias if
those who dropped out had different psychological experien-
ces. Finally, it is essential to note that the reliance on PROMs
introduces the potential for response bias and subjective
interpretation, which could influence the accuracy of the
collected data.

The findings demonstrate the significant psychologi-
cal burden experienced by individuals undergoing treatment
for FRI, which is more severe in recurrent FRI. Understand-
ing the psychological dimensions of recurrent FRIs is cru-
cial for comprehensive patient care, and underscores the
importance of integrating psychological support into the
treatment paradigm for such cases.

References
1. Rupp M, Walter N, Baertl S, Lang S, Lowenberg DW, Alt V. Terminol‐

ogy of bone and joint infection. Bone Joint Res. 2021;10(11):742–743.
2. Moriarty TF, Metsemakers W-J, Morgenstern M, et al. Fracture-

related infection. Nat Rev Dis Primers. 2022;8(1):67.
3. Rupp M, Walter N, Pfeifer C, et al. The incidence of fractures among

the adult population of Germany–an analysis from 2009 through 2019.
Dtsch Arztebl Int. 2021;118(40):665–669.

4. Ktistakis I, Giannoudi M, Giannoudis PV. Infection rates after open
tibial fractures: are they decreasing? Injury. 2014;45(7):1025–1027.

5. Bezstarosti H, Van Lieshout EMM, Voskamp LW, et al. Insights into
treatment and outcome of fracture-related infection: a systematic
literature review. Arch Orthop Trauma Surg. 2019;139(1):61–72.

6. Buijs MAS, van den Kieboom J, Sliepen J, et al. Outcome and risk
factors for recurrence of early onset fracture-related infections treated
with debridement, antibiotics and implant retention: Results of a large
retrospective multicentre cohort study. Injury. 2022;53(12):3930–3937.

7. Lu V, Zhang J, Patel R, Zhou AK, Thahir A, Krkovic M. Fracture related
infections and their risk factors for treatment failure-a major trauma
centre perspective. Diagnostics (Basel). 2022;12(5):1289.

8. Walter N, Wimalan B, Baertl S, et al. Managing periprosthetic joint
infection-a qualitative analysis of nursing staffs’ experiences. BMC Nurs. 
2022;21(1):190.

9. O’Hara NN, Mullins CD, Slobogean GP, Harris AD, Kringos DS,
Klazinga NS. Association of postoperative infections after fractures with
long-term income among adults. JAMA Netw Open. 2021;4(4):e216673.

10. Thakore RV, Greenberg SE, Shi H, et al. Surgical site infection in
orthopedic trauma: a case-control study evaluating risk factors and cost.
J Clin Orthop Trauma. 2015;6(4):220–226.

11. Iliaens J, Onsea J, Hoekstra H, Nijs S, Peetermans WE, Metsemakers
W-J. Fracture-related infection in long bone fractures: a comprehensive
analysis of the economic impact and influence on quality of life. Injury. 
2021;52(11):3344–3349.

12. Rupp M, Walter N, Popp D, et al. Multidisciplinary treatment of
fracture-related infection has a positive impact on clinical outcome-a
retrospective case control study at a tertiary referral center. Antibiotics
(Basel). 2023;12(2):230.

13. Depypere M, Morgenstern M, Kuehl R, et al. Pathogenesis and
management of fracture-related infection. Clin Microbiol Infect. 2020;
26(5):572–578.

14. Wimalan B, Rupp M, Alt V, Walter N. The patients’ perspective - a
qualitative analysis of experiencing a fracture-related infection. Front
Psychol. 2023;14:1126826.

15. World Health Organization. ICD-10: international statistical classifica‐
tion of diseases and related health problems: tenth revision, 2nd ed.. 
2004. https://iris.who.int/handle/10665/42980 (date last accessed 16
July 2024).

16. Walter N, Rupp M, Baertl S, Hinterberger T, Alt V. Prevalence of
psychological comorbidities in bone infection. J Psychosom Res. 
2022;157:110806.

17. Metsemakers WJ, Morgenstern M, McNally MA, et al. Fracture-related
infection: a consensus on definition from an international expert group.
Injury. 2018;49(3):505–510.

18. McNally M, Govaert G, Dudareva M, Morgenstern M, Metsemakers
W-J. Definition and diagnosis of fracture-related infection. EFORT Open
Rev. 2020;5(10):614–619.

19. World Medical Association. World Medical Association Declaration of
Helsinki: ethical principles for medical research involving human
subjects. JAMA. 2013;310(20):2191–2194.

20. Gustilo RB, Anderson JT. Prevention of infection in the treatment of
one thousand and twenty-five open fractures of long bones. J Bone Joint
Surg Am. 1976;58-A(4):453–458.

21. Cooke ME, Hussein AI, Lybrand KE, et al. Correlation between RUST
assessments of fracture healing to structural and biomechanical
properties. J Orthop Res. 2018;36(3):945–953.

22. Schmitz N, Hartkamp N, Kiuse J, Franke GH, Reister G, Tress W. The
Symptom Check-List-90-R (SCL-90-R): a German validation study. Qual
Life Res. 2000;9(2):185–193.

23. Gangl E. Vergleich Des ICD-10-Symptom-Rating (ISR) Selbstbeurteilungsfra‐
gebogens Mit Der SCL-90-R an 319 Ambulanten Patienten. Universität
Regensburg, 2011.

626 Bone & Joint Open  Volume 5, No. 8  August 2024

https://iris.who.int/handle/10665/42980


24. Tritt K, von Heymann F, Zaudig M, Zacharias I, Söllner W, Loew T.
Entwicklung des Fragebogens »ICD-10-Symptom-Rating« (ISR).
Zeitschrift für Psychosomatische Medizin und Psychotherapie. 2008;54(4):
409–418.

25. Fischer HF, Tritt K, Klapp BF, Fliege H. Faktorstruktur und psychometri‐
sche Eigenschaften des ICD-10–Symptom-Rating (ISR) an Stichproben
psychosomatischer Patienten. Psychother Psych Med. 2010;60(08):307–
315.

26. Balck F, Kirschner S, Jeszenszky C, Lippmann M, Günther K-P.
Validität und Reliabilität der deutschen Version des HSS-Erwartungsfra‐
gebogens zum Hüftgelenkersatz. Z Orthop Unfall. 2016;154(06):606–611.

27. Mancuso CA, Salvati EA, Johanson NA, Peterson MG, Charlson ME.
Patients’ expectations and satisfaction with total hip arthroplasty. J
Arthroplasty. 1997;12(4):387–396.

28. Walter N, Mohokum M, Loew T, Rupp M, Alt V. Healing beyond the
joint: addressing mental health in periprosthetic joint infection in a
prospective longitudinal study. J Psychosom Res. 2023;177:111559.

29. Ring D. Editorial comment: comprehensive orthopaedic care. Clin
Orthop Relat Res. 2018;476(4):694–695.

30. Walter N, Rupp M, Hierl K, et al. Long-term patient-related quality of
life after fracture-related infections of the long bones. Bone Joint Res. 
2021;10(5):321–327.

31. Walter N, Rupp M, Baertl S, Alt V. The role of multidisciplinary teams in
musculoskeletal infection. Bone Joint Res. 2022;11(1):6–7.

Author information
N. Walter, PD Dr.sc.hum., Postdoctoral Researcher,
Department for Psychosomatic Medicine, University Hospital
Regensburg, Regensburg, Germany;
Department for Trauma Surgery, University Hospital Regensburg,
Regensburg, Germany.

T. Loew, Prof. Dr. med., Director
T. Hinterberger, Prof. Dr. rer. nat., Professor
Department for Psychosomatic Medicine, University Hospital
Regensburg, Regensburg, Germany.

V. Alt, Prof. Dr. med. Dr. bio. hom., Director
M. Rupp, Prof. Dr. med., Professor
Department for Trauma Surgery, University Hospital Regensburg,
Regensburg, Germany.

Author contributions
N. Walter: Conceptualization, Data curation, Formal analysis,
Methodology, Visualization, Writing – original draft.
T. Loew: Conceptualization, Methodology, Resources, Writing –
review & editing.
T. Hinterberger: Conceptualization, Methodology, Supervision,
Writing – review & editing.
V. Alt: Conceptualization, Methodology, Resources, Writing –
review & editing.
M. Rupp: Conceptualization, Data curation, Methodology,
Supervision, Validation, Writing – review & editing.

Funding statement
The authors received no financial or material support for the
research, authorship, and/or publication of this article.

ICMJE COI statement
T. Loew reports consulting fees from Kaiser Trajan Klinik, Sankt
Lukas Klinik, Bayerische Gesellschaft für Sexualtherapie, and
Arbeitskreis VerhaltensModifikation, and payment or honoraria
for lectures, presentations, speakers bureaus, manuscript writing

or educational events from Internationale Gesellschaft für
Natur-und Kulturheilkunde, payment for expert testimony from
SALUS Gesundheitszentrum, support for attending meetings
and/or travel from Deutscher Psychosomatik Kongress and
DGPPN, a paid leadsership role in Arbeitsgemeinschaft
Funktkonelle Entspannung, and receipt of clinical equipment
from NILAS and Pneemo, all of which are unrelated to this study.

Data sharing
The data that support the findings of this study are available from
the corresponding author, upon reasonable request.

Ethical review statement
The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national
and institutional committees on human experimentation and
with the Helsinki Declaration of 1975, as revised in 2008. This
study protocol was reviewed and approved by the institutional
ethics committee of University Hospital Regensburg (file number
20-1680-101). Written informed consent was obtained from
participants to participate in the study.

Open access funding
The open access funding for this article was provided by the
University of Regensburg.

Trial registration number
This study was registered at the German Clinical Trials Register
(DRKS, file number: 00025492).

© 2024 Walter et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution Non-
Commercial No Derivatives (CC BY-NC-ND 4.0) licence, which
permits the copying and redistribution of the work only, and
provided the original author and source are credited. See https://
creativecommons.org/licenses/by-nc-nd/4.0/

Managing more than bones: the psychological impact of a recurrent fracture-related infection
N. Walter, T. Loew, T. Hinterberger, V. Alt, M. Rupp

627

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Managing more than bones: the psychological impact of a recurrent fracture-related infection
	Introduction
	Methods
	Design, setting, and participants
	Outcome measures
	Statistical analysis

	Results
	Discussion


