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�� Infection

Long-term patient-related quality of life 
after fracture-related infections of the 
long bones

Aims
We aimed to evaluate the long-term impact of fracture-related infection (FRI) on patients’ 
physical health and psychological wellbeing. For this purpose, quality of life after successful 
surgical treatment of FRIs of long bones was assessed.

Methods
A total of 37 patients treated between November 2009 and March 2019, with achieved 
eradication of infection and stable bone consolidation after long bone FRI, were included. 
Quality of life was evaluated with the EuroQol five-dimension questionnaire (EQ-5D) and 
German Short-Form 36 (SF-36) outcome instruments as well as with an International Clas-
sification of Diseases of the World Health Organization (ICD)-10 based symptom rating 
(ISR) and compared to normative data.

Results
With a mean follow-up of 4.19 years (SD 2.7) after the last surgery, the mean SF-36 score 
was 40.1 (SD 14.6) regarding the physical health component and 48.7 (SD 5.1) regarding 
the mental health component, compared to German normative values of 48.4 (SD 9.2) (p 
< 0.001) and 50.9 (SD 8.8) (p = 0.143). The mean EQ-5D index reached 0.76 (SD 0.27) 
with a mean EQ-5D visual analogue scale (VAS) rating of 65.7 (SD 22.7) compared to refer-
ence scores of 0.88 (p < 0.001) and 72.9 (p < 0.001). Mean scores of the ISR did not reveal 
significant psychological symptom burden, while an individual analysis showed moderate 
to severe impairments in 21.6% (n = 8) of the patients.

Conclusion
Even a mean 4.2 years (SD 2.7) after surgically successful treatment of FRI of long bones, 
patients report significantly lower quality of life in comparison to normative data. Future 
clinical studies on FRIs should focus on patient-related outcome measures enabling best 
possible shared treatment decision-making. Prevention methods and interdisciplinary ap-
proaches should be implemented to improve the overall quality of life of FRI patients.

Cite this article: Bone Joint Res 2021;10(5):321–327.

Keywords:  Fracture-related infection, Quality of life, Psychological outcomes

Article focus
�� Bone infections after fracture are a devas-

tating complication in trauma surgery.
�� Studies assessing patient-reported 

outcome measures in patients suffering 
from fracture-related infections are rare, 
and data of the impact of the chal-
lenging treatment in terms of the long-
term quality of life after final infection 
eradication and stable bone consolida-
tion is scarce.

�� This study investigated whether FRI 
patients return to a quality of life state 
comparable to normative data after 
successful surgical treatment with 
achieved eradication of infection and 
stable bone consolidation, and whether 
reduced psychological wellbeing is a 
long-term impact of FRI.
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Table I. Patient characteristics.

Patients Data (n = 37)

Sex, n (%)
Male 25 (67.6)

Female 12 (32.4)

Mean age, yrs (SD) 59.5 (14.3)

Mean BMI, kg/m2 (SD) 27 (4.5)

Smoking, n (%)
No 10 (27.0)

Currently 7 (18.9)

Formerly 20 (54.1)

Mean follow-up time, yrs (SD) 4.2 (2.7)

Mean revision rate (SD) 3.8 (2.5)

Open fractures, n (%) 12 (32.4)

Fracture localization, n (%)
Humerus 5 (13.5)

Femur 10 (27.0)

Tibia 18 (48.7)

Fibula 1 (2.7)

Forearm 3 (8.1)

SD, standard deviation.

Key messages
�� Even after a mean of 4.2 years (SD 2.7) after 

successful treatment of FRI of long bones, patients 
report significantly reduced quality of life, espe-
cially in the physical health component, compared 
to normative data.
�� Moderate to severe psychological symptom burden 

was found in 21.6% (n = 8) of the patients.
�� Infection prevention strategies and interdisciplinary 

approaches are required.

Strength and limitations
�� Outstanding characteristics of this study are the long-

term follow-up (mean 4.2 years (SD 2.7)), and the 
explicit investigation of the psychological impact 
using an International Classification of Diseases of the 
World Health Organization (ICD)-10 based symptom 
rating.
�� Limitations are the retrospective design and hence no 

existing baseline quality of life scores; additionally, the 
cohort does not allow subgroup analysis for fracture 
localization and a comparison of treatment strategies.

Introduction
Bone infection is a devastating complication in trauma 
surgery, putting a high burden on the patients, their fami-
lies, and healthcare systems. In general, the incidence of 
long bone fractures is projected to increase, especially 
in the elderly.1,2 The risk of developing a post-traumatic 
infection is multifactorial, with reported rates of 1% to 
2% for closed fractures ranging up to 30% for Gustilo-
Anderson type III open tibia fractures.3 Depending on 
injury severity, success rates vary between 70% and 
90% with a recurrence of the disease in 6% to 9% of the 
patients.4-6 Several limitations such as immobility up to 
amputations of the affected limb, prolonged length of 
stay in hospital, multiple surgeries, side effects of antibi-
otic medication, and further socioeconomic issues such 
as job loss are often unavoidable despite a variety of 
treatment concepts.7,8 Healthcare costs are estimated to 
be approximately 6.5-times higher than in noninfected 
cases, with median costs of $108,782 (interquartile range 
(IQR) $61,841 to $150,972) per patient, mainly driven 
by the prolonged length of hospital stay.9,10 In the past, 
research has been hindered by the lack of a consensus 
definition of post-traumatic bone infection, which has 
only recently been established by an international expert 
group with clarification of the term “fracture-related 
infection” (FRI) for this entity.11 However, the manage-
ment of FRI remains challenging and requires interdisci-
plinary approaches as well as multifaceted guidelines. The 
surgical goal is to eradicate the infection and to restore 
bone integrity and bone stability, which is achieved by 
adequate debridement of necrotic bone followed by 
bone regeneration procedures, which often need two- or 

even multiple-stage surgery.3,4 Success in the treatment 
of FRIs is mainly determined from a surgical perspective 
and there are very few data in the literature so far on 
patient-reported outcomes after FRI, particularly on the 
psychological burden of patients. Additionally, sufficient 
data on the impact of the often challenging treatment 
and outcome after final infection eradication and bone 
union are missing. Therefore, the purpose of the current 
study was to evaluate the long-term physical health state 
and psychological wellbeing of patients after successful 
somatic treatment of long bone FRIs.

Methods
Patients and data acquisition.  FRIs treated in our depart-
ment between November 2009 and March 2019 were 
retrospectively studied. A total of 92 FRI cases of the 
long bones (humerus, radius, ulna, femur, tibia, or fib-
ula) without additional injuries were identified based on 
the International Classification of Diseases of the World 
Health Organization (ICD)-10 code “T84.6, infection and 
inflammatory reaction due to internal fixation device”.12 
Clinical data were retrieved, and FRI was verified in all 
cases applying the criteria of a recent consensus defini-
tion.11 The questionnaires were sent by post and were re-
turned by 43 patients, yielding a response rate of 46.7%. 
Individuals with multiple fractures (n = 4) and surveys 
with incomplete data (n = 2) were excluded. Hence, the 
final cohort included 37 long bone FRI cases with a min-
imum follow-up of one year. All patients were surgically 
treated and achieved infection eradication and bone con-
solidation. There were no missing values for any of the 
variables. Informed consent was obtained from all indi-
vidual participants included. The study was approved by 
the institutional ethics committee of the University Clinic 
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Fig. 1

Mean physical health component score (PCS) and mean mental health component score (MCS) assessed with the German Short-Form 36 (SF-36). The results 
of the fracture-related infection (FRI) cohort are shown in dark grey. For comparison, the values of the normative data are illustrated in light grey. *Significant 
difference.

Fig. 2

Subdimension scores for patient-related quality of life assessed with the German Short-Form 36 (SF-36). The results of the fracture-related infection (FRI) 
cohort are shown in dark grey. For a comparison, the values of the normative data are illustrated in light grey. *Significant difference.

of Regensburg according to the Helsinki Convention (file 
number 20-1681-104).13

Quality of life instruments.  Patient-related outcomes and 
quality of life were assessed using the German Short-Form 
36 (SF-36) and EuroQol five-dimension questionnaire (EQ-
5D) scores as well as an ICD-10-based symptom rating 
(ISR).14,15 The latter is frequently used in psychosomatic 
anamnesis evaluating the severity of psychological disor-
ders. It consists of 29 items covering various mental syn-
dromes with subscales for depression, anxiety, obsessive/

compulsive disorders, somatoform disorders, and eating 
disorders.16 The EQ-5D is a well-established generic quali-
ty of life instrument comprising five questions concerning 
the functional domains mobility, self-care, everyday life 
activities, pain/discomfort, and anxiety/depression.17 The 
items were converted into a single EQ index value using 
German norm data weights (range -0.21 (worst) to 1.00 
(best)).18 Additionally, the EQ-5D was evaluated using the 
visual analogue scale (VAS) method.19 The widely used 
SF-36 health survey captures the general health status 
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Fig. 3

Percentage of individuals showing severe, mild, or no limitations in the 
EuroQol five-dimension subdimensions.

Fig. 4

Mean values of the International Classification of Diseases of the World 
Health Organization-10 based symptom rating scores.

with 36 questions in eight functional domains: physical 
function, physical role, bodily pain, general health, vital-
ity, social function, emotional role, and mental health. 
Summary scores for the physical and mental component 
were calculated using normative data from a German na-
tional health interview and examination survey conduct-
ed in 1998 with 7,124 participants.20

Statistical analysis.  Data were analyzed using SPSS statis-
tics version 24.0 (IBM, USA). Descriptive statistics were 
calculated for all variables. Continuous variables were 
expressed as the mean and standard deviation (SD). 
Correlations between outcome scores and demograph-
ic data were calculated using Pearson’s correlation coef-
ficient. For comparisons between continuous variables, 
independent-samples t-tests were used after determining 
the distribution was appropriate for parametric testing by 
Levene’s test. Significance was set at p < 0.001.

Results
In total, 37 patients (12 women, 25 men; mean age 59.5 
years (SD 14.3)) without additional injuries were included 
in the analysis (Table  I). FRIs of the tibia comprised the 
largest proportion of the cohort (n = 18, 48.7%) followed 
by femoral FRIs (n = 10, 27.0%). The mean revision rate 
was 3.8 (SD 2.5; 1 to 12). Overall, 12 patients had open 

fractures (32.4%): six located at the tibia, five at the 
femur, and one at the fibula. FRI cases after open fractures 
required more revision surgeries with a mean of 5.7 (SD 
3.0) compared to the revision rate for FRI after closed frac-
tures of 2.9 (SD 1.6) (p = 0.002, independent-samples t-
test). The mean BMI reached a value of 27 kg/m2 (SD 4.5), 
seven patients (18.9%) were smokers, and 20 patients 
(54.1%) reported to be former smokers. Three patients 
had comorbid hypertension. The mean follow-up time 
was 4.2 years (SD 2.7) with a minimum of one year (1.1 
to 9.7) after the last surgery.

The mean physical health component score (PCS) 
of the SF-36 was 40.1 (SD 14.6), and the mean mental 
health component score (MCS) of the SF-36 was 48.7 (SD 
5.1). In comparison with normative data from Germany 
FRI, patients score lower in the physical health compo-
nent (PCSNorm = 48.4 (SD 9.2), p < 0.001) as well as in 
the mental health component of the SF-36 (MCSNorm 
= 50.9 (SD 8.8), both independent-samples t-test: p = 
0.143), which depicts 82.9% and 95.7% of the reference 
summary scores, respectively (Figure  1).20 The subdo-
main analysis resulted in mean values of 59.5 (SD 20.8) 
for physical function, 49.3 (SD 16.7) for physical role, 
58.0 (SD 21.9) for bodily pain, 59.8 (SD 22.5) for general 
health, 59.2 (SD 19.7) for vitality, 76.0 (SD 22.1) for social 
functioning, 71.3 (SD 19.1) for emotional role, and 71.1 
(SD 20.0) for mental health (Figure 2). Hence, FRI patients 
reached 69.7% for physical function (85.4 (SD 20.7), p 
< 0.001), 59.9% for physical role (82.3 (SD 32.7), p < 
0.001), 86.1% for bodily pain (67.4 (SD 25.9), p = 0.034), 
90.0% for general health (66.4 (SD 18.2), p = 0.034), 
98.6% for vitality (60.0 (SD 17.8), p = 0.782), 88.0% for 
social functioning (86.4 (SD 19.9), p = 0.003), 80.0% for 
emotional role (89.1 (SD 26.7), p < 0.001), and 98.1% for 
mental health (72.5 (SD 16.7), all independent-samples 
t-test: p = 0.625) of the normative values.

The mean EQ-5D VAS rating reached 65.7 (SD 22.7), 
which depicts 90.1% of the score of 72.9 (SD 1.0) 
obtained from an age-matched reference population (p 
< 0.001, independent-samples t-test). The mean EQ-5D 
index value was 0.76 (SD 0.27), reaching 86.3% of the 
age-matched normative value 0.88 (p < 0.001) calcu-
lated based on the European value set and 82.0% of 
the age-matched normative value 0.92 (p < 0.001, both 
independent-samples t-test), calculated based on a 
country-specific time trade-off (TTO) value set.21 In the 
subdimensions of the EQ-5D, patients showed limited 
results especially in mobility, everyday life activities, and 
pain/discomfort (Figure 3). In total, 40.54% (n = 15) of 
the patients reported problems with mobility (compared 
to 15.9% of the German reference), 18.92% (n = 7) with 
self-care (compared to a norm value of 2.7%), 51.35% 
(n = 19) with usual activities (vs 9.9%), 75.68% (n = 28) 
with pain/discomfort (compared to 27.6%), and 27.03% 
(n = 10) with anxiety/depression (4.3% of the normative 
population).

The mean total score of the ISR was 0.55 (SD 0.16). The 
mean ISR subdimension scores reached 0.78 (SD 0.23) for 
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Fig. 5

Percentage of individuals showing none, suspected, mild, moderate, and severe psychological symptom burden according to the International Classification 
of Diseases of the World Health Organization-10 based symptom rating.

depression, 0.49 (SD 0.10) for anxiety, 0.37 (SD 0.07) for 
obsessive/compulsive disorders, 0.49 (SD 0.07) for soma-
toform disorders, and 0.58 (SD 0.18) for eating disorders, 
respectively (Figure  4). On average, none of the values 
of the syndrome scales meets criteria for caseness, i.e. 
clinically relevant severity of psychological disorders. 
However, examining the data in more detail, individuals 
reveal mild to severe symptom burden in the total score 
of the ISR (n = 11, 29.7%; moderate to severe symptom 
burden: 21.6%), regarding depression (n = 12, 32.4%), 
anxiety (n = 7, 18.9%), obsessive/compulsive disorders 
(n = 8, 21.6%), somatization (n = 10, 27.0%), and eating 
disorders (n = 17, 46.0%) (Figure 5).

None of the reported scores of the ISR, SF-36, and 
EQ-5D was statistically significantly correlated with revi-
sion rate, age, or sex.

Discussion
In this study, the quality of life of 37 patients with success-
fully treated FRIs was assessed with the EQ-5D and SF-36 
questionnaires. An outstanding characteristic is the long-
term follow-up (mean 4.2 years) and the explicit investiga-
tion of the psychological impact using the ICD-10-based 
symptom rating in FRI patients. After a mean follow-up 
time of 4.2 years, patients who suffered from a FRI scored 
significantly lower on quality of life than a German refer-
ence population.

In general, studies assessing patient-related outcome 
measures after FRI treatment are scarce. In 1996, Bowen 
et al22 evaluated the quality of life of nine patients with 
infected tibia nonunion at a mean follow-up time of 
three years. In accordance with our findings, results were 
significantly lower compared to an age-matched refer-
ence norm. Brinker et al23,24 evaluated the quality of life 

of 237 patients with tibial shaft fracture nonunions and 
187 patients with femoral nonunion. Results emphasize 
the substantial detrimental effect on physical and mental 
health. An infection was present in 18% of the tibial shaft 
fracture nonunion cohort and in 5.3% of the femoral 
nonunion patients; however, a subgroup analysis was not 
calculated.23,24 A recent review identified only one study 
comparing quality of life outcomes between patients 
with infected and aseptic long bone nonunions of the 
lower limb, showing the limitation of a small sample size 
with only five infection cases.25,26 In addition, Bezstarosti 
et al6 included 93 studies on FRI treatment and outcome 
in a systematic review, out of which only one used the 
EQ-5D questionnaire, one the SF-36, and another one the 
SF-12 health survey.

The assessed mean EQ-5D VAS score of 65.7 was even 
lower than in patients with myocardial infarction (70.3) 
evaluated at admission.27 The mean EQ-5D index value of 
0.76 reveals that the burden of FRI is comparable to the 
impact of multiple trauma, for which a score of 0.75 has 
been calculated after 4.2 years, as well as to the quality 
of life after one year of arthroplasty, for which an analysis 
of a large cohort with more than 350 patients resulted in 
a mean score of 0.8 regarding the hip and 0.73 for the 
knee.28,29 Healed FRI patients scored even lower in the 
SF-36 summary components than patients two years after 
a primary total hip arthroplasty (PCS: 45.2, MCS: 53.2).30 
These comparisons highlight the persistent impact a FRI 
has on the quality of life.

While mental health, assessed with SF-36 and EQ-5D, 
did not show considerable lower values, reaching 95.7% 
and 98.1% of a normative reference population, the 
use of the ISR, which is highly correlated with the Beck-
Depression-Inventory-II (BDI-II), revealed that individuals 
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are still affected psychologically, with 21.6% of the patients 
showing moderate to severe impairments according to 
the total ISR score.31 Mental health sequela is common 
following injury, which can be reflected in diverse depres-
sive symptoms including appetite changes.32 As it has 
been shown that psychological morbidity predicts func-
tional outcomes after injury, such as return to work and 
pain, and has been associated with postoperative infec-
tions after arthroplasty as well as substantially higher 
healthcare costs, it might be enriching to consider the 
use of additional questionnaires when evaluating the 
patients’ quality of life.33–36 This has also been emphasized 
by a recent review on quality of life in patients with long 
bone fracture nonunions, which identified only one study 
using specific scales capturing anxiety, depression, and 
symptoms of post-traumatic stress disorder syndrome.25 
Hence, shedding light on the psychological wellbeing of 
orthopaedic clinical populations should be deemed as 
a future direction of research, since an underestimation 
of the burden of injury may affect resource allocation 
and necessary prevention priorities, and may hinder the 
implementation of counselling as part of the standard 
care in trauma surgery.

A limitation of the study is that the small cohort does 
not allow subgroup analysis for the distinct fracture local-
ization and a comparison of treatment strategies. Addi-
tionally, a key limitation is that no baseline quality of life 
scores for the included patients exist. Furthermore, it 
remains questionable to what extent the lowered quality 
of life is attributable to the FRI. To address this problem, 
patients with multiple injuries were excluded from the 
study. Nevertheless, additional factors cannot completely 
be ruled out and the SF-36 subdomain social functioning 
in particular may have been influenced by other external 
factors, such as the current COVID-19 pandemic.

To conclude, our results emphasize the serious conse-
quences following FRI as well as the potential of restoring 
patients’ quality of life. Hence, future clinical studies on 
FRIs should focus on patient-related outcome measures 
and newly emerging treatment strategies, and preven-
tion methods as well as interdisciplinary approaches 
should be implemented to improve the overall quality of 
life of FRI patients.37–39
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