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A B S T R A C T

Introduction: One of the most challenging complications in musculoskeletal trauma surgery is the
development of infection after fracture fixation (IAFF). It can delay healing, lead to permanent functional
loss, or even amputation of the affected limb.
The main goal of this study was to investigate the total healthcare costs and length-of-stay (LOS) related
to the surgical treatment of tibia fractures and furthermore identify the subset of clinical variables driving
these costs within the Belgian healthcare system. The hypothesis was that deep infection would be the
most important driver for total healthcare costs.
Patients and methods: Overall, 358 patients treated operatively for AO/OTA type 41, 42, and 43 tibia
fractures between January 1, 2009 and January 1, 2014 were included in this study. A total of 26 clinical
and process variables were defined. Calculated costs were limited to hospital care covered by the Belgian
healthcare financing system. The five main cost categories studied were: honoraria, materials,
hospitalization, day care admission, and pharmaceuticals.
Results: Multivariate analysis showed that deep infection was the most significant characteristic driving
total healthcare costs and LOS related to the surgical treatment of tibia fractures. Furthermore, this
complication resulted in the highest overall increase in total healthcare costs and LOS. Treatment costs
were approximately 6.5-times higher compared to uninfected patients.
Conclusion: This study shows the enormous hospital-related healthcare costs associated with IAFF of the
tibia. Treatment costs for patients with deep infection are higher than previously mentioned in the
literature. Therefore, future research should focus more on prevention rather than treatment strategies,
not only to reduce patient morbidity but also to reduce the socio-economic impact.
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Introduction

One of the most challenging complications in musculoskeletal
trauma surgery is the development of infection after fracture
fixation (IAFF). Infections associated with fracture fixation devices
result in significant patient morbidity and a prolonged treatment
period [1]. Currently, there is a lack of data regarding the definition,
functional outcome, and healthcare burden of this sometimes
devastating musculoskeletal complication.

Compared to prosthetic-joint infection (PJI) [2,3] or other
fracture-related complications, such as nonunion [1,4], little data is
available on the cost of implant-related infections in fracture care
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[5]. A better understanding of the healthcare burden of this serious
complication is crucial. It will explain to healthcare institutions
that future research is necessary and the development of
preventive measures essential.

Although several studies have investigated healthcare costs of
implant-related infections in orthopedic trauma surgery, most of
these studies were heterogeneous, focused on an anatomical
localization with a low incidence of infection (i.e., hip fractures),
included a relatively small number of patients and most
importantly, these studies were all performed in different
countries [5–8]. Furthermore, one of the most cited publications
by Darouiche is only descriptive without going into detail on
patient inclusion and cost analysis regarding IAFF [9]. Currently, no
study has provided a comprehensive analysis of the costs of
treating IAFF among a large number of musculoskeletal trauma
patients in Belgium or even other countries of the European
mainland. Therefore, the main objective of this study was to define
r fracture fixation of the tibia: Analysis of healthcare utilization and
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hospital-related healthcare costs associated with IAFF, more
specifically deep infection of the tibia, and identify the subset of
clinical variables relevant in driving these costs within the Belgian
healthcare system. The choice for the tibia seemed logical as these
fractures have a higher percentage of open injuries and risk for
infection [10]. A recent publication indeed identified the tibia as an
independent risk factor associated with IAFF [11].

Patients and methods

Study and patient characteristics

A total of 358 patients aged 18 years and over with either an
acute AO/OTA type 41, 42, or 43 tibia fracture who underwent
surgery between January 1, 2009 and January 1, 2014 were
included in this study. All patients were primarily treated at the
Traumatology Department of the University Hospitals Leuven,
Belgium. Non-acute fractures (diagnosed more than 4 weeks after
the incident), pathologic fractures, amputations of the affected
limb within 5 days of the injury, age less than 18 years, and patients
with multiple trauma were excluded. Clinical information was
obtained from a retrospectively collected database (KWS; Klinisch
WerkStation). Follow-up was until January 1, 2016, allowing a
maximal follow-up time of two years for all patients. This study
was conducted in compliance with national legislation and the
guidelines of the ethics committee of the University Hospitals
Leuven, Belgium. All tibia fracture-related hospital stays and
ambulatory consults of the selected patients were included in the
analysis. The authors adhered to the CHEERS Statement [12] and
the CHEC-list [13] to ensure that all essential elements of the cost
analysis were presented [14].

Study aims

� The first aim of this study was describe the total healthcare costs
and length-of-stay (LOS) related to the surgical treatment of tibia
fractures.

� The second aim was to evaluate which clinical and process-
related variables are relevant in driving total healthcare costs
and LOS. We hypothesized that deep infection would be the most
important clinical driver for total healthcare costs.

� The third aim was to describe the distribution of the 5 main cost
categories for deep infection.

� The fourth aim was to perform a univariate comparison of
process-related variables for patients without deep infection and
with deep infection.

Study variables

A total of 26 characteristics were studied. Theses variables were
grouped as clinical variables (gender, age, ASA-score, cardiovascu-
lar risk factors [CVRF], AO/OTA fracture classification, open
fractures, delayed-stage surgery protocol, type of definite surgery,
IAFF, nonunion, other tibia-related complications, debridement,
hardware removal, re-osteosynthesis, and mortality) and process-
related variables (LOS to definite surgery, total length of antibiotic
therapy, total LOS, number of operations, number of hospital
admissions, number of surgical day care admissions, and number
of ambulatory consults). CVRF included: age, current cardiovascu-
lar diseases (e.g., cerebrovascular event, myocardial infarction,
peripheral artery disease), diabetes, rheumatoid arthritis, smoking,
use of blood vessel narrowing drugs (e.g., beta blockers and
ergotamine), dyslipidemia, hypercholesterolemia, and
hypertension.
Please cite this article in press as: W.-J. Metsemakers, et al., Infection afte
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Based on X-rays or computed tomography (CT), if available, all
fractures were classified to AO/OTA bone segment, fracture type,
and fracture group [15]. Systemic prophylactic antibiotics were
administered once before surgery for closed fractures and
continued in case of open fractures until wound closure with a
maximum of five days. Open fractures were subdivided by the
Gustilo-Anderson classification [16], which was determined at the
time of initial debridement in the operating room.

Delayed-stage surgery included all patients that were treated
according to a delayed surgery protocol (i.e. external fixator prior
to definite surgery). The type of definite surgery was categorized as
intramedullary fixation, plate osteosynthesis, screw osteosyn-
thesis, external fixator, or arthrodesis.

IAFF was classified into two groups, namely, superficial or deep
infections, which were defined according to Dellinger et al. and
Centers for Disease Control (CDC)-guidelines [17,18]. A superficial
wound infection was one located above the fascia, with erythema
and tenderness. A deep infection was defined as an infection
involving deeper tissues as muscular fascia and bone, which could
necessitate removal of the implant. Nonunion was assessed using
follow-up radiographs and defined according to the US Food and
Drug Administration (FDA) guidelines as a not completely healed
fracture within 9 months of injury and without progression
towards healing over the past 3 consecutive months [19]. Other
tibia-related complications were wound problems, screw loosen-
ing, hardware migration, loss of reduction, peroneal nerve injury,
and joint contracture. Debridement, hardware removal, re-
osteosynthesis, and other tibia-related operations were defined
as secondary surgery; nearly all other tibia-related operations
were bone grafting, (free) muscle flaps, and knee arthroplasty. LOS
was defined as the number of consecutive hospital admission days
during the stay for the definite treatment.

Healthcare cost and cost categories

The costs described in this paper relate to the Belgian
healthcare financing system and are limited to costs related to
hospital care. Furthermore, the costs investigated in this study are
defined as the total reimbursements paid to the hospital by any
party involved in financing the care for a specific patient either
directly or indirectly. Five hospital-related cost categories were
defined: honoraria, materials, hospitalization, day care admission,
and pharmaceuticals. The honoraria category consists primarily of
fees related to medical activities, based on a fee-for-service
principle. These activities include: surgery, consults, and imaging.
In the Belgian healthcare system, honoraria are independent of the
rank of the surgeon as activities are billed under the attending
physician. Material-related costs can be divided into costs related
to the actual implants and those induced by extra-required
materials (e.g. suture materials). Pharmaceuticals costs are all costs
for received drugs and blood products. To analyze the performance
impact due to differences in LOS, the patient’s actual LOS was
multiplied by the average national day based care fee (s410.84)
[20]. The resulting sum was interpreted as the patient’s hospitali-
zation related costs.

Statistical methods

In order to determine the variables that drive total healthcare
costs and LOS, three multivariate linear models were fitted to the
data [21]. For all categorical variables, binary dummy variables
were introduced to represent the categorical values. For each
categorical variable, the number of dummy variables introduced
equals the number of different values the categorical value can take
minus one. Due to the large amount of potential independent
variables a sequential forward search feature selection method
r fracture fixation of the tibia: Analysis of healthcare utilization and
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was applied to each model in order to reduce the amount of
independent variables with the objective to reduce statistical
noise.

Categorical variables were compared with the Pearson Chi-
Square test and presented as numbers and percentages. Compari-
son of continuous variables was performed using the Mann-
Whitney U test and presented as medians with interquartile range
(IQR).

A 95% confidence interval ellipse is used to visualize the
interplay between total costs, age, and the presence of deep
infection.

Exploratory data analysis and subsequent building of the
statistical model was done using R and the MLR framework [22,23].
Table 1
Patient characteristics.

Patients n = 358

Clinical
characteristics

Gender
� male 191 (53.4%)
� female 167 (46.60%)
Age (years) 49 (36–62)
ASA score
� ASA 1 158 (44.1%)
� ASA 2 158 (44.1%)
� ASA 3 42 (11.7%)
CVRF 198 (58.9%)
AO/OTA bone segment
� 41 122 (34.1%)
� 42 140 (39.1%)
� 43 96(26.8%)
AO/OTA fracture type
� A 119 (33.2%)
� B 139 (38.8%)
� C 100 (27.9%)
AO/OTA fracture group
� 1 162 (45.3%)
� 2 54 (15.1%)
� 3 142 (39.7%)
Open fractures (Gustilo) 51 (14.2%)
� I 26 (51.0%)
� II 15 (29.4%)
� III 10 (19.6%)

Delayed-staged surgery 44 (12.3%)
Type of definite surgery
� intramedullary nail 140 (39.1%)
� plate osteosynthesis 144 (40.2%)
� screw osteosynthesis 66 (18.4.1%)
� external fixator 7 (2.0%)
� arthrodesis 1 (0.3%)

Superficial infection 7 (2.0%)
Deep infection 12 (3.4%)
Nonunion 18 (5.0%)
Other complications 8 (2.2%)
Debridement 19 (5.3%)
Hardware removal 121 (33.8%)
Re-osteosynthesis 14 (3.9%)
Other operations 22 (6.1%)
Mortality 11 (3.1%)

Process
characteristics

LOS to definite surgery (days) 1 (0–3)
Total length of antibiotic therapy (days) 1 (1–3)
Total LOS (days) 7 (5–13)
Number of operations 1 (1–2)
Number of hospital admissions 1 (1–2)
Number of surgical day care admissions 0
Number of ambulatory consults 5 (3–8)

Clinical variables are presented as numbers and percentages, process variables as
median with interquartile distributions. Abbreviations: CVRF, cardiovascular risk
factors; LOS, length of stay.

Please cite this article in press as: W.-J. Metsemakers, et al., Infection afte
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Results

All clinical and process-related variables are described in
Table 1. Note that in total 12 patients (3.4%) were diagnosed with a
deep infection. In this group, 11 patients were male and one was
female. Overall, there were 7 open (1 Gustilo type I, 3 Gustilo type II
and 3 Gustilo type IIIB open fractures) and 5 closed fractures. The 3
patients with Gustilo type IIIB open fractures needed a free flap.

Total healthcare costs and LOS for operative treatment of tibia
fractures

Overall, the total healthcare costs for the treatment of all 358
tibia fractures was calculated at s3.713.198. This equates to a
median total healthcare cost of s6.962 (IQR 4.932–10.972) per
patient. The total LOS was calculated at 4628 days, which is
equivalent to 7 days (IQR 5–13) per patient.

Deep infection is the most significant characteristic driving total
healthcare costs and LOS related to operative treatment of tibia
fractures

In order to determine the importance of both the clinical and
process-related variables driving healthcare costs, three multivar-
iate linear models were fitted to the data, using total healthcare
costs as the dependent variable. The first model (Table 2, all
variables costing model [AV-CM]) had an R2 and adjusted R2 of 0.97.
The variables nonunion, total LOS, number of hospital admissions,
number of surgical day care admissions, and number of
ambulatory consults were all deemed significant (p � 0.001).

However, the high predictive value of the first model is mostly
due to the fact that the process-related variables (i.e. LOS) are
inherently correlated to healthcare costs due to the financing
system. Therefore, these non-stay related variables were excluded
in a second model. As a consequence, the performance of this
second model decreased significantly. The model had a R2 of 0.55
and an adjusted R2 of 0.53 (Table 2, non-stay-related costing model
[NSRV-CM]). It shows the following significant variables (p
� 0.001): deep infection, nonunion, age, ASA-3, and delayed-stage
surgery.

Since total LOS was found the most important driver for
healthcare costs (t = 81.81, AV-CM, Table 2), the question remains
which clinical variables drive the LOS. Consequently, a third
multivariate linear model was established using LOS as a
dependent variable and the non-stay-related variables as inde-
pendent variables. This model had a R2 of 0.48 and an adjusted R2

of 0.45 (Table 2, length-of-stay model [LS-M]). The variables deep
infection, nonunion, age, ASA-3, and delayed-stage surgery were
also found statistically significant (p � 0.001) in driving the LOS.

Distribution of healthcare costs for deep infection after operative
treatment of tibia fractures

Operatively treated tibia fractures complicated by deep
infection (N = 12) resulted in the highest increase in total health-
care costs. The calculated median total healthcare cost for patients
with a deep infection was 6.5 times higher compared to uninfected
cases (s44.468 [13.574–71.125] vs. s6.855 [4.899–10.495], respec-
tively; Fig. 1). The distribution of the 5 main cost categories
(honoraria, materials, hospitalization, daycare stay, and pharma-
ceuticals) and total costs for deep infection are summarized in
Table 3. In total, 62% of the total healthcare cost, in cases
complicated by a deep infection, was due to the hospitalization
(e.g. LOS). Subsequently, the total LOS for deep infection was
calculated at 777 days, which is equivalent to 54 days (IQR 19–111)
per patient.
r fracture fixation of the tibia: Analysis of healthcare utilization and
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Table 2
Multivariate linear models.

Model AV-CM NSRV-CM LS-M

Dependent variable Total costs Total costs Length-of-stay

variable t-value p t-value p t-value p

Clinical characteristics Gender
� male . . . . . .
� female . . �2.31 0.022* �2.37 0.018*
Age . . 3.81 <0.001*** 4.43 <0.001***
ASA score
� ASA 1 . . . . . .
� ASA 2 . . . . . .
� ASA 3 . . 4.10 <0.001*** 3.69 <0.001***
CVRF . . 2.75 0.006** 2.41 0.016*
AO/OTA bone segment
� 41 . . . . . .
� 42 . . . . . .
� 43 �1.43 0.152 . . �1.12 0.263
AO/OTA fracture type
� A . . . . . .
� B . . . . 1.54 0.125
� C . . 2.10 0.036* 2.77 0.006**
AO/OTA fracture group
� 1 . . . . . .
� 2 . . . . . .
� 3 . . . . . .
Open fractures
� Gustilo I . . . . . .
� Gustilo II . . . . . .
� Gustilo III . . 2.30 0.022* 2.13 0.034*
Delayed-staged surgery . . 3.49 <0.001*** 3.51 <0.001***
Type of definite surgery
� intramedullary nail . . . . . .
� plate osteosynthesis . . �2.82 0.005** �2.76 0.006**
� screw osteosynthesis �3.26 0.0012** �2.79 0.006** �2.06 0.040*
� external fixator . . . . . .
� arthrodesis �0.91 0.364 . . . .
Superficial infection �1.75 0.081 . . . .
Deep infection . . 8.49 <0.001*** 8.67 <0.001***
Nonunion 6.93 <0.001*** 5.98 <0.001*** 4.85 <0.001***
Other complications . . 1.67 0.095 1.70 0.090
Debridement . . . . . .
Hardware removal �1.84 0.067 1.72 0.086 1.46 0.147
Re-osteosynthesis 2.33 0.020* . . �1.96 0.050
Other Operations . . 1.72 0.087 . .
Mortality . . . . . .
LOS to definite surgery . . excluded excluded excluded excluded
Total length of antibiotic therapy . . excluded excluded excluded excluded
Total LOS 81.81 <0.001*** excluded excluded excluded excluded
Number of operations . . excluded excluded excluded excluded
Number of hospital admissions 5.97 <0.001*** excluded excluded excluded excluded
Number of surgical day care admissions 4.30 <0.001*** excluded excluded excluded excluded
Number of ambulatory consults 4.02 <0.001*** excluded excluded excluded excluded
� R2 0.97 0.55 0.48
� Adj R2 0.97 0.53 0.45

Abbreviations: AV-CM, all variables costing model; NSRV-CM, non-stay-related costing model; LS-M, length-of-stay model, CVRF: cardiovascular risk factors; LOS: length of
stay.
*p < 0.05 **p < 0.01 ***p � 0.001 (p < 0.05 is considered to be significant).
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Total healthcare costs and LOS for nonunion, age, delayed-staged
surgery and ASA-3

As compared to deep infection, patients treated for nonunion
showed less increase in total healthcare costs (s6.773 [4.868-
10.470] vs. s29.217 [11.849-50.276], p < 0.001; union vs. non-
union) and LOS (7 [4–13] vs. 28 [12–67], p < 0.001; union vs.
nonunion). The interplay between total healthcare costs, age, and
presence of deep infection is shown in Fig. 2; although not
statistically significant, there is a trend towards a positive
correlation between age and total healthcare costs for deep
infection. Patients treated according to a delayed-staged surgery
protocol, revealed only a two-fold increase of the total healthcare
Please cite this article in press as: W.-J. Metsemakers, et al., Infection afte
related costs, Injury (2017), http://dx.doi.org/10.1016/j.injury.2017.03.03
costs (s6.545 [4.761–10.056] vs. s12.276 [8.025–19.167], p
< 0.001) and LOS (6 [4–12] vs. 15 [9–28], p < 0.001; direct vs.
delayed-stage surgery). Overall comorbidity (e.g. ASA) only lead
to a limited increase in healthcare costs (s6.046 [4.597-9.097] vs.
s10.685 [7.689-18.279)], p < 0.001; ASA-1 vs. ASA-3).

Description of process related-variables of deep infections � based
patient cluster

A univariate comparison of process-related variables for
patients without deep infection and with deep infection is shown
in Table 4. Note the statistically significant difference between
r fracture fixation of the tibia: Analysis of healthcare utilization and
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Fig. 1. Total healthcare costs for patients without and with deep infection.

Fig. 2. Interplay between total healthcare costs, age, and presence of deep infection.
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infected and uninfected patients for almost all process-related
variables.

Discussion

Musculoskeletal complications place a growing cost burden on
total healthcare expenditure. One of the most challenging
complications in trauma surgery is the development of IAFF.
Despite research efforts, infection rates have been largely
unchanged over the past decades [24]. Consequences for patients
and healthcare systems regarding this complication are severe
[25,26].

The first aim of this study was to describe total healthcare costs
and LOS related to the surgical treatment of tibia fractures. The
second aim was to identify a subset of clinically relevant variables
that drive these healthcare costs and LOS. We hypothesized that
deep infection would be the most important driver for total
healthcare costs. As previously mentioned, multivariate analysis
showed that LOS was by far the most important driver for total
healthcare costs (t = 81.81, AV-CM, Table 2). The question that
Table 3
Healthcare costs for patients with deep infection (n = 12).

Category Per patient 

Honoraria s5.536 (2.454–11.242) 

Materials (implants & screws) s2.225 (1.682–5.586) 

Hospitalization s22.185 (7.909–45.501) 

Daycare stay s14 (0–227) 

Pharmaceuticals s5.283 (2.800–8.383) 

Total s44.468 (13.574–71.125) 

The costs per patient are presented as median followed by interquartile range.

Please cite this article in press as: W.-J. Metsemakers, et al., Infection afte
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remained was which clinical variables had the most significant
impact on LOS. The length-of-stay model (LS-M; Table 2) revealed
that the variables deep infection, nonunion, age, ASA-3, and
delayed-stage surgery were found statistically significant (p
� 0.001) in driving the LOS. Furthermore, when calculating the
median total healthcare costs the results confirmed our hypothesis
that tibia fractures complicated by deep infection resulted in the
highest increase, compared to the other clinical variables (i.e.
nonunion). More specific, treatment costs for infected patients
were approximately 6.5-times higher compared to uninfected
patients (s44.468 [13.574–71.125] vs. s6.855 [4.899–10.495],
respectively; Fig.1). This is much higher than previously published.
As mentioned earlier, there are studies that describe the financial
impact of IAFF in other countries [5,7,8,27]. Most of these studies
show that infection doubles or triples healthcare costs. The most
recent study by Olesen et al. compared healthcare costs for
infected open tibia fractures treated with a free flap. The authors
stated that infection increased the treatment costs from s49.155 in
uninfected fractures to s81.155 for infected cases. Furthermore,
infection increased the LOS from 41 to 74 days [28]. The reason why
the overall treatment costs were higher in this study is probably
due to two reasons. First the indirect costs (e.g. non-hospital-
Total Relative share

s78.315 15%
s42.720 8%
s319.223 62%
s2.087 1%
s73.698 14%
s516.043 100%

r fracture fixation of the tibia: Analysis of healthcare utilization and
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Table 4
Comparison process-related variables characteristics for deep infection.

no deep infection
(n = 346)

deep infection
(n = 12)

p

LOS to definite surgery (days) 1 (0–3) 4 (0–10) 0.076
Total length of antibiotic therapy (days) 1 (1–3) 11 (1–23) <0.001***

Total LOS (days) 7 (4–13) 54 (19–111) <0.001***

Number of operations 1 (1–2) 4 (2–5) <0.001***

Number of hospital admissions 1 (1–2) 3 (2–5) <0.001***

Number of surgical day care admissions 0 0 (0–1) 0.455
Number of ambulatory consults 5 (3–7) 10 (6–15) <0.001***

Process-related variables are presented as median with interquartile distributions. Abbreviations: CVRF, cardiovascular risk factors; SSI, surgical site infection, LOS, length of
stay.

*** p < 0.001.
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related costs) were included. Furthermore, the study only
contained complex open tibia fractures treated with free flaps.
These cases primarily need already more than one surgery. As
mentioned earlier, our study contained only 3 patients with Gustilo
type IIIB injuries that needed a free flap. Edwards et al. found that
infection tripled overall costs and quadrupled LOS for hip fracture
patients in the UK. In a study by Thakore et al., the authors reported
that in orthopedic trauma, treatment costs were USD 108,782 in
case of infection and USD 57,418 in uninfected patients [5]. This last
publication showed some important differences compared to our
study. First of all, the authors included multiple anatomical regions
in a case-control study. Second, only the initial readmission
following the primary admission after fracture fixation was
included in the study. As shown in our study (Table 4), these
readmissions are a major part of the overall healthcare cost.
Therefore, the overall cost described by Thakore et al. is probably
an underestimation. Furthermore, the study was performed
outside Belgium, more specific in the USA. The importance of this
issue becomes clear when looking at the total amount of costs for
uninfected patients, these are higher compared to our results (USD
57,418 vs. USD 7671 [s6.855]). The fact that earlier research by
Whitehouse et al. published lower treatment costs for uninfected
patients in the USA (USD 6636 [s5.962]) [27], emphasizes the
problem of heterogeneity in cost studies so far [14]. Due to the
specificity of these national healthcare financing systems, it has to
be noted that in order to make conclusions about generalizability
of our study to other countries, other healthcare systems have to be
comparable to the system in Belgium [21].

The third aim of our study was to describe the distribution of
the 5 main cost categories for patients with a deep infection. As
Table 3 shows, the higher costs related to deep infection were
primarily attributable to long hospitalization periods (admissions
and readmission), which accounted for approximately 62% of the
overall healthcare costs. Indeed, when performing a univariate
comparison of process-related variables for patients with deep
infection and without deep infection (final aim of the study;
Table 4), one of the most staggering results was the median
number of hospitalization days. This difference was statistically
significant when comparing both groups (54 (3 admissions) vs.
7 days (1 admission), respectively). As IAFF rates have remained
unchanged over the past decades [24], we are aware that this
complication will not be fully eradicated in the near future, which
means that not only prevention but also reduction of treatment
costs should be a topic of interest. To reduce these costs, focus
should be on reduction of hospitalization days. Here implementa-
tion of standard protocols is mandatory. Primary issues in these
protocols are often surgery related (e.g. fracture stability, wound
care), but the antibiotic treatment can also prolong hospitalization,
for this reason outpatient parenteral antibiotic therapy (OPAT)
should always be considered in these protocols [29].
Please cite this article in press as: W.-J. Metsemakers, et al., Infection afte
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We realise that this study has limitations, as it is a retrospective
analysis of suspected risk factors. Included data were limited to
hospital costs related to tibia surgery and its complications. Other
direct medical, direct non-medical, indirect, and psychosocial costs
of IAFF were not included. Additionally, the deep infection
subgroup (n = 12) was small; therefore, caution is needed before
making statements regarding the results. Furthermore, the
definition of IAFF is unclear [30]. The currently used CDC-
guidelines [18] (i.e., superficial and deep infection) were initially
not developed for fracture patients. As mentioned by Bonnevialle
et al., especially the term “superficial infection” is the least
debatable [26]. We, therefore, stress that our definition of IAFF is
arbitrary, and future specificity is warranted.

In conclusion we can state that for the first time, our study
presents a comprehensive cost analysis, including “all” hospital-
related costs, for treatment of deep infection of operatively treated
tibia fractures (open and closed). The results show that the
hospital-related healthcare cost of infected compared to uninfect-
ed cases is approximately 6.5-times higher, which is much higher
than data that were previously published for other anatomical
locations in other countries. This result stresses that future
research should focus more on prevention rather than treatment
strategies, not only to reduce patient morbidity but also to reduce
the socio-economic impact. Finally, in the near future more
multicenter analyses are needed to assess non-hospital-related,
direct medical, direct non-medical, indirect, and psychosocial costs
of IAFF. Including these costs will probably show higher overall
healthcare costs than currently estimated, as shown by the study
from Olesen et al. [28]. Furthermore, attention should be paid to
the quality of cost analysis in orthopedic trauma and medicine in
general, as current analyses are often heterogeneous and the
available evidence variable [14,31].
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