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a b s t r a c t   

Background: Fracture related infection (FRI) of the foot is a serious hazard. Despite successful therapy, the 
physiological and psychological involvement seems to be high. Therefore, we aim to analyze the impact of 
an FRI of the foot on the quality of life after successful surgical therapy and infect eradication. 
Methods: In total, 25 patients from two German hospitals treated for FRI of the foot between March 2011 to 
January 2020 were retrospectively included. Quality of life was assessed by the German Short Form 36 (SF- 
36) and the EuroQol five-dimension three-level questionnaire (EQ-5D) as well as the ICD-10 based psy-
chological symptom rating (ISR), and compared to a norm obtained from the general population of 
Germany. 
Results: 3.0 years (range 0.7–7.9 years) following final surgery after fracture-related infection of the foot, the 
mean physical health component score (PCS) of the SF-36 was 35.6  ±  12.3, and the mean mental health 
component score (MCS) of the SF-36 reached a value of 41.3  ±  12.9. Both values were significantly lower 
than in the general population of Germany (p <  .019). The mean scores of the ISR of the cohort crossed the 
threshold of mild symptom burden in total, as well as for the subscales depression and somatization. The 
mean EQ-5D VAS rating (62.1  ±  18.6) and the EQ-5D index value (0.66  ±  0.27) were significantly lower in 
comparison to a score of 72.9  ±  1.0 and 0.88 obtained from an age-matched reference population (p  <  .01). 
Conclusion: FRI of the foot represents a major burden for the patient. Physical and mental well-being of 
affected patients is restricted albeit successful treatment in terms of infect eradication and bone union has 
been achieved after a mean follow-up of 3.0 years. A patient-centered treatment approach focusing on 
improvement of quality of life during and after treatment is therefore warranted. 

© 2022 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.    

1. Introduction 

Implant related infection is a major complication in trauma 
surgery after reduction and internal fixation of a fracture utilizing 
metallic devices, and therefore negatively affecting both the patient 
and his immediate family [1–3]. Beside medical and social impact, 
the financial burden should not be underestimated as direct 
healthcare costs for patients with surgical site infections were cal-
culated to be nearly twice as high ($108,782 vs. $57,418) compared to 
non-infected patients [4]. In addition, the mortality risk is con-
siderably increased in patients with surgical site infection, with a 60- 

year-old being equivalent to that of an 80-year-old in the general 
population [5]. 

Despite great clinical significance, the definition of implant re-
lated infections after fracture has been inconclusive for a long time. 
Thus, a group of experts of the AO Foundation recently defined cri-
teria for diagnosis of fracture related infection (FRI), giving a list of 
confirmatory and suggestive criteria [2]. According to Metsemakers 
et al., the presence of a fistula or wound defect extending to the 
implant or the adjacent bone, the accumulation of pus in this area, 
the detection of microorganisms in the culture (in at least 2 samples 
of the affected anatomical area or the implant), or the histopatho-
logical detection of microorganisms are reliable confirmation cri-
teria. Supportive evidence is provided by the general signs of 
inflammation, such as redness, swelling, pain, or temperature in-
crease in the area of the suspected infection as a suggestive criterion. 
Besides, radiological parameters such as sequestration, delayed/non- 
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union, lysis zones, or signs of implant loosening may indicate an FRI  
[2]. Thus, better interpretation and comparability of clinical studies 
as well as diagnostic and treatment on established evidenced-based 
algorithms should be investigated. 

In this regard, limited data is available for foot fractures and 
fracture-related infection. Recently, comparable to the U.S. [6], a 14 % 
increase in fracture incidence could be recorded in Germany be-
tween 2009 and 2019. Regarding foot fractures, the incidence change 
was mainly due to a fracture increase of 28 % of the ossa tarsi, while 
fractures of the calcaneus were reduced by 16 % [7] demonstrating 
that approximately two-thirds of all foot fractures affect the forefoot  
[8]. Mainly falls (> 60 %), fatigue fractures (“bone just broke” 10.5 %) 
but also car accidents (3.1 %) were described to cause foot fractures  
[9] While low-energy trauma usually result in isolated bony frac-
tures that quickly heal, high-energy trauma frequently generates 
significant soft tissue damage which represents a major risk factor 
for subsequent complications [9–11]. However, the underlying cause 
of post-traumatic and implant-associated infections is of multi-
factorial nature, whereby infections after closed fractures of the foot 
occur in 1–4 % and after an open fracture in 9,6 % (Gustilo-Anderson 
type I) to 37,5 % (Gustilo-Anderson type IIIC) of the cases [11–17]. In 
Germany, the incidence was calculated as 10.7 cases per 100,000 
inhabitants in 2018 [3]. 

The success rate after surgical intervention of the FRI is reported 
to be 85–93 %. However, 6–9 % of the patients get a re-infection, and 
3–5 % require an amputation of the affected limb [18]. We previously 
were able to demonstrate, that quality of life is substantially lower in 
patients undergone successfully treatment of FRI of the long bones  
[1]. For FRI of the foot, quality of life assessment after successful FRI 
treatment has not been performed, which might be due to under-
estimated impact of FRI on quality of life compared to FRI when 
present at the long bones. 

Therefore, the purpose of this study was to determine clinical 
outcome in terms of bone consolidation and infect eradication as 
well as the physical health state and psychological wellbeing of 
patients treated for FRI of the foot. 

2. Material and methods 

2.1. Patients 

Patients treated for FRI of the foot in two level 1 trauma centers 
in Germany between March 2011 to January 2020 were retro-
spectively included into the study. To cover all patients, an IT query 
was performed according to the ICD 10 codes “S92.0- S92.3, calca-
neus fracture, talus fracture, other tarsal bone fracture, metatarsal 
bone fracture” and “T84.6, infection and inflammatory reaction due 
to internal fixation device”. Study participation was irrespective of 
age and sex. Patients with multiple fractures or other comorbidities 
were expelled to rule out a bias due to further injuries. A total of 33 
patients could be identified, whereof 2 patients were reported to be 
dead and therefore excluded. Thus, the questionnaire was sent to 31 
patients by post. The completed questionnaire was returned in 25 
cases, resulting in a drop-out rate of 19.4 %. Informed consent was 
obtained from all individual participants included in the study. All 
patients included were surgically treated for FRI between 2011 and 
2020. Patient characteristics, clinical records and radiographs were 
retrospectively retrieved from the hospitals electronic patient files 
system. FRI was verified according to the definitions of the FRI 
consensus group published in 2018 [2]. Achieved bone consolidation 
was determined with an evaluated RUST score >  10 [19]. Non-union 
was defined as no fracture consolidation within six months [20]. The 
study was approved by the institutional ethics committees of the 
University Regensburg, Germany and the University Tuebingen, 
Germany, according to the Helsinki Convention University 

Regensburg: file number : 20–1681–104; University Tuebingen: file 
number 240/2021BO2). 

2.2. Quality of life assessment 

Patient-related outcome and quality of life was assessed using 
the German Short-Form 36 (SF-36) and EQ-5D-3L scores as well as 
an ICD-10-based symptom rating (ISR) [21,22], which were sent by 
post. The latter is an inventory frequently used in psychosomatic 
anamnesis. It consists of 29 items and covers various mental syn-
dromes with subscales for depression, anxiety, obsessive/compulsive 
disorders, somatoform disorders and eating disorders [23]. The EQ- 
5D-3L is a well-established generic quality of life instrument de-
veloped by the EuroQol group comprising five questions with 3 le-
vels each concerning the functional domains mobility, self-care, 
everyday life activities, pain/discomfort and anxiety/depression [24]. 
The items were converted into a single EQ index value using German 
norm data weights [25]. Additionally, the EQ-5D was evaluated using 
the visual analog scale (VAS) method [26]. The widely used SF-36 
health survey captures the general health status with 36 questions in 
eight functional domains: physical function, role physical, bodily 
pain, general health, vitality, social function, role emotional and 
mental health. Summary scores for the physical and mental com-
ponent were calculated using normative data from a German na-
tional health interview and examination survey conducted in 1998 
with 7124 participants [27]. Quality of life scores were compared to 
normative data [27,28]. 

Data was analyzed using SPSS statistics version 24.0 (IBM, SPSS 
Inc., Armonk, NY). Descriptive statistics were calculated for all 
variables. Continuous variables were expressed as the mean and 
standard deviation. For comparisons between continuous variables 
independent t-tests were performed after determining the dis-
tribution was appropriate for parametric testing by Levene’s test. 
Level of significance was set at p  <  .01. 

3. Results 

In total, twenty-five patients (7 women, 18 men; mean age 
55.5  ±  12.8 years) were included in the analysis (Table 1). Seven 
patients (28.0%) were smokers, and eight patients (32.0 %) reported 
to be former smokers. One patient (4.0 %) initially had an open 
fracture, classified as Gustilo-Anderson type IIIa. The mean ASA 
score was 1.5  ±  0.9 (range 0–3). In all patients infect eradication was 
achieved. Eight patients (32.0 %) received an arthrodesis of the ankle 
joint, an amputation was performed in two patients (8.0 %). In nine 
cases (36.0 %) a non-union was developed. A successful bone con-
solidation appeared in 15 cases (60.0 %); with one patient (4.0 %) 
having recently undergone an arthrodesis and therefore, the healing 
process is ongoing. The mean follow-up time was 3.0 years (range 
0.7–7.9 years). 

The mean physical health component score (PCS) of the SF-36 
was 35.6  ±  12.3, and the mean mental health component score 
(MCS) of the SF-36 reached a value of 41.3  ±  12.9. In comparison 
with aged-matched normative data from Germany, patients scored 
lower in the physical health component (PCSNorm= 45.7  ±  9.4, 
p  <  .001) as well as in the mental health component of the SF-36 
(MCSNorm = 51.0  ±  9.2, p  <  .001), respectively (Fig. 1). 

The subdomain analysis of the normative data resulted in mean 
values of 50.9  ±  7.1 for physical function, 33.0  ±  1.9 for physical role, 
42.2  ±  1.8 for bodily pain, 57.0  ±  5.8 for general health, 45.4  ±  4.6 
for vitality, 60.5  ±  2.3 for social functioning, 57.3  ±  1.5 for emotional 
role and 61.8  ±  6.0 for mental health (Fig. 2). Hence, the results of 
the study group reached 63.3 % for physical function (80.43  ±  20.9, 
p  <  .01), 43.3 % for physical role (76.3  ±  34.9, p  <  .01), 69.2 % for 
bodily pain (61.0  ±  25.3, p  <  .01), 92.0 % for general health 
(62.0  ±  17.4, p  <  .01), 76.1 % for vitality (71.3  ±  17.5, p  <  .01), 71.3 % 
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for social functioning (84.9  ±  19.7, p  <  .01), 66.7 % for emotional role 
(86.0  ±  29.2, p  <  .01) and 86.6 % for mental health (60.8  ±  17.1, 
p  <  .01) of the normative values (Fig. 2). 

The mean total score of the ISR was 0.74  ±  0.28. The mean ISR 
subdimension scores reached 1.23  ±  0.31 for depression, 0.86  ±  0.39 
for anxiety, 0.50  ±  0.20 for obsessive/compulsive disorders, 
0.77  ±  0.18 for somatoform disorders and 0.49  ±  0.13 for eating 
disorders, respectively (Fig. 3). On average, the cohort crossed the 
threshold of mild symptom burden regarding the total score, de-
pression and somatization. 

The mean EQ-5D VAS rating reached 62.1  ±  18.6 in comparison 
to a score of 72.9  ±  1.0 obtained from an age-matched reference 
population (p  <  .01). The mean EQ-5D index value was 0.66  ±  0.27, 
which was lower than the age-matched normative value of 0.88 
(p  <  .01). In the subdimensions of the EQ-5D, patients showed 

limitations, especially concerning pain and discomfort (Fig. 4). In 
total, 81.3 % of the patients reported problems with mobility (com-
pared to 15.9 % of the German reference), 12.5 % with self-care 

Table 1 
Patient characteristics.        

Age (years) Sex Anatomical localization Non-union Treatment Fracture consolidation   

33 
51 
53 
63 
51 
54 
55 
57 
68 
68 
77 
55 
56 
65 
59 
32 
75 
30 
61 
30 
54 
53 
58 
66 
63 

male 
male 
male 
male 
female 
female 
male 
male 
male 
male 
male 
female 
male 
female 
male 
female 
male 
female 
male 
male 
female 
male 
male 
male 
male 

Calcaneus 
Calcaneus 
Os naviculare 
Calcaneus 
Calcaneus 
Calcaneus 
Lisfranc Fx 
Calcaneus 
Calcaneus 
Calcaneus 
Calcaneus 
Tarsal Fx 
Lisfranc Fx 
Lisfranc Fx 
Calcaneus 
Calcaneus 
Calcaneus 
Calcaneus 
Calcaneus 
Talus 
Os metatarsale 
Calcaneus 
Calcaneus 
Lisfranc Fx 
Os metatarsale 

No 
Yes 
No 
No 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 

1-staged 
Arthrodesis 
DAIR 
Arthrodesis 
1-staged 
Arthrodesis 
Amputation 
Arthrodesis 
2-staged 
2-staged 
Arthrodesis 
Arthrodesis 
Multiple staged 
Arthrodesis 
Amputation 
1-staged 
1-staged 
DAIR 
DAIR 
Arthrodesis 
DAIR 
2-staged 
1-staged 
1-staged 
1-staged 

Yes 
No 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 

*DAIR = Debridement, Antibiotics, Implant retention  

Fig. 1. Mean physical health component score (PCS) and mean mental health com-
ponent score (MCS) assessed with the SF-36. The results of the fracture-related in-
fection cohort are shown in dark gray. For a comparison the values of the normative 
data are illustrated in light gray. * p  <  .01. 

Fig. 2. Subdimension scores for patient-related quality of life assessed with the SF-36. 
The results of the fracture-related infection cohort are shown in dark gray. For a 
comparison, the values of the normative data are illustrated in light gray. * p  <  .01. 

Fig. 3. Mean values of the ISR scores. The black dotted lines depict the border of 
considered symptom burden. 
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(compared to a norm value of 2.7 %), 56.3 % with usual activities 
(versus 9.9 %), 100 % with pain/discomfort (compared to 27.6 %) and 
43.8 % with anxiety/depression (4.3 % of the normative population). 

4. Discussion 

The present study investigated the quality of life (QOL) of 25 
patients after fracture-related infection of the foot, treated surgically 
between March 2011 and January 2020 with a mean follow-up time 
of 3.0 years (range 0.7–7.9 years). QOL was assessed using the EQ- 
5D-3L, SF-36 and ICD-10-based symptom rating in patients treated 
after FRI. Compared to an age-matched normative German popula-
tion, patients who suffered from FRI of the foot had considerably 
lower scores with respect to quality of life after an average follow-up 
period of three years, despite infection eradication. 

Even though the QOL after FRI is of immense relevance, only a 
few studies evaluated it yet. Patients with FRI of the foot scored 
considerably lower on both the mean physical health component 
score (PCS) and the mean mental health component score (MCS) of 
the SF-36. Comparable results for PCS were shown for patients with 
FRI of the long bones, whereas the mental components seemed 
slightly affected [1]. Recently, it was shown that both, septic and 
aseptic non-union of the lower extremity likewise adversely affected 
the physical and mental QOL, due to worse pain and functional 
impairment [29,30]. The devastating effect on health-related QOL is 
considered to be worse than suffering a congestive heart failure [29]. 
Interestingly, this is in line with other findings, since patients with a 
non-union achieved a very low utility score (range: 0 = death, 1 = 
perfect health) and thus, lagged behind patients with diabetes, a 
stroke or acute myocardial infarction [31]. 

Patients with posttraumatic osteomyelitis of the lower leg had 
significantly lower scores in the physical, as well as the mental 
components of the SF-36 compared to a healthy sample from the 
general population. Alarmingly, even after recovery from post- 
traumatic osteomyelitis, no significant improvement in SF-36 was 
achieved [32]. Liener et al. confirmed this in a patient population 
with osteomyelitis of the upper and lower leg [33]. Lerner et al. 
emphasized that especially patients with osteomyelitis compared to 
patients suffering a non-union scored severely worse in “arthritis 
impact measurement scale” (AIMS), a tool assessing along with 
dexterity, social role and social function, the risk for depression and 
anxiety [34]. 

Monteban and colleagues demonstrated that in patients with 
fifth metatarsal fracture without a course of infection, both con-
servative and surgical procedures achieved good results in terms of 
physical and mental quality of life in a 5-year follow-up study. 
However, they indicated that impairment of quality of life was 

related to comorbidities, such as cardiovascular diseases, rather than 
to the fracture itself [35]. In addition, it was shown that patients 
surgically treated for calcaneus fracture without any history of FRI, 
achieved lower results in the SF-36 physical and mental components 
2.9 years after the initially surgery than to the general population  
[36]. Compared to our results, it becomes evident that patients with 
FRI of the foot obtained lower summary scores in the PCS (FRI: 
35.6  ±  12.3 vs. calcaneus fracture: 38.3  ±  11.3) and MCS (FRI: 
41.3  ±  12.9 vs. calcaneus fracture: 49.8  ±  11.2) [36]. Thus, it is sug-
gested that foot fractures negatively affect the quality of life and that 
the patients’ quality of life is further diminished by the additional 
burden of FRI. Notably, in the presented cohort, eight patients (32.0 
%) received an arthrodesis of the ankle joint, whereas an amputation 
was performed in two patients (8.0 %). Whereas literature on the 
quality of life after different treatment approaches for FRI is missing, 
it was shown that quality of life scores after ankle arthrosis had 
better SF-36 outcomes (PCS 53.7  ±  23.9, MCS 57.8  ±  21.5) than our 
cohort at a mean follow-up of 57.9  ±  43.1 months [37]. In the same 
stance, patients with unilateral transtibial amputation reported 
higher SF-36 scores (PCS 44.5  ±  7.8, MCS 52.5  ±  7.7) with a follow 
up of minimum one year, which highlights the persistent impact of 
FRI on the quality of life [38]. 

The low score of EQ-5D VAS rating of 62.1 reflects that even after 
recovery from FRI of the foot, patients rate their general well-being 
as significantly lower than the norm (72.9). But also in comparison to 
patients with FRI of the long bones (65.7), the subjective valuation is 
clearly worse [1]. Also, postoperative EQ-5D VAS ratings were higher 
(72.0  ±  16.2 vs. 62.1  ±  18.6) already six months after surgery in 
patients undergoing ankle arthrodesis for end-stage arthritis [39]. 
Intriguingly, a study accessing the subjective state of health reported 
higher values in EQ-5D and Manchester Oxford Foot Questionnaire 
following ambulatory foot surgery [40]. This confirms that after foot 
surgery without infection, the quality of life is significantly higher. 
Furthermore, it was shown that a normal quality of life after 76 
months (median follow up time) could be achieved with a regular 
healing process after operative (n = 13) and conservative (n = 13) 
treatment of a Lisfranc's dislocation injury [41]. 

We consider restrictions in the categories pain/discomfort (100 
%) and mobility (81.3 %) as the main concerns negatively affecting 
QOL in our cohort. In contrast, a better outcome concerning these 
categories was reported by Maher et al. after elective, ambulant foot 
surgery. However, the main difference by comparison with our col-
lective was that their patients mainly underwent single location, 
solitary procedures of the foot, such as hallux valgus, hallux rigidus, 
or toe surgery, and therefore the patients did not require surgery due 
to an fracture and later a staged surgical treatment due to FRI [40]. 
Albrigth et al. identified a wound length of more than 10 cm in the 
area of the lower leg, as well as bone loss and muscle loss according 
to the OTA open fracture classification as risk factors for a reduced 
quality of life one year postoperatively [42]. In this case, the injury to 
the lower limb results in physical limitations and thus leading to 
socioeconomic and financial burdens that therefore negatively im-
pact QOL [43,44]. 

Similar results were seen in the ISR, with depression, but also 
anxiety, being described as the leading stressors. From these results, 
it must be concluded that even after successful treatment of an FRI 
of the foot, the dejection and anxiety does not only refer to re-
strictions of movement, but also to the effects in private and pro-
fessional life resulting from the physical limitation. 

The main limitation of this study is that due to the retrospective 
design no baseline quality of life scores for the included patients 
exist. Further, the findings are limited in generalizability as the 
sample size was relatively small but also heterogenic regarding the 
surgical procedures. To address this problem, patients with multiple 
fractures were excluded from the study. However, it has to be ac-
knowledged that eight patients (32.0 %) received an arthrodesis of 

Fig. 4. Percentage of patients showing severe, mild, or no limitations in the EQ-5D 
subdimensions. 
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the ankle joint, whereas an amputation was performed in two pa-
tients (8.0 %), which might have contributed to lower quality of life 
scores. A subgroup analysis based on the different treatment mod-
alities lacked significant effect power due to the small group size. 

5. Conclusion 

In summary, this study is intended to draw attention to the fact 
that FRI have been insufficiently emphasized in trauma surgery up to 
now, which becomes obvious by the fact that there has been a lack of 
a consistent definition of the term FRI. Moreover, this study aims to 
highlight the tremendous impact of an FRI of the foot on the health 
related quality of life. Thus, well-founded data of the patient-re-
ported impact of FRI improves clinician-patient communication 
concerning the outcome expectations. FRI of the foot represents a 
major burden for the patient and his immediate environment. 
Physical and mental well-being of affected patients are restricted 
albeit successful treatment in terms of infect eradication and bone 
union has been achieved within a mean follow-up of 3.0 years. A 
patient-centered treatment approach focusing on improvement of 
QOL during and after treatment is therefore warranted. 
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