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ABSTRACT 
 
Objectives - To evaluate the cost-effectiveness of the separate and combined use of 
bracing and neuromuscular training for the prevention of ankle sprain recurrences. 
 
Design - An economic evaluation conducted parallel to a clinical trial. 
 
Setting - Primary care 
 
Participants - 384 athletes, aged 12-70, who had sustained a lateral ankle sprain up to 
two months before inclusion; 107 in a neuromuscular training group; 113 in a brace 
groups; and 120 in a combined intervention group; 
 
Interventions - The neuromuscular training group received an 8 week home-based 
exercise programme. Brace participants received a semi-rigid ankle brace to be worn 
during all sports activities for a period of 12 months. Participants allocated to the 
combined group received both intervention, the ankle brace to be worn during all sports 
activities for a period of 8 weeks. 
 
Main outcome measures - Ankle sprain recurrence risk and overall costs. 
 
Results - The ICER of the Brace group in comparison with the combined group was €-
2828.30, based on a difference in mean cost of €-76.16 and a difference in mean effects 
of 2.68%. The ICER of the neuromuscular training group in comparison with the 
combined group was €310.08, based on a difference in mean cost of €-28.37 and a 
difference in mean effects of 9.15%. 
 
Conclusions - Bracing was found to be the dominant secondary preventive intervention 
in comparison to both neuromuscular training and the combination of both measures. 
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INTRODUCTION 
 
Ankle sprains are still the most common sports and physical activity (PA) related injury 
[6]. As such, ankle sprains continue to pose a significant burden for the individual sports 
participant as well as society as a whole. Besides the sheer magnitude of the number of 
ankle sprains there is extensive evidence that ankle sprains may have long term 
consequences [23]. Amongst these a twofold increased risk for ankle re-injury during 
the first year post-injury is arguably most well documented [6,28,21]. The preventive 
effect of external prophylactic measures and neuromuscular (balance) training have 
been extensively researched [24]. Both types of preventive measures are each 
separately linked to an approximated 50% reduction in ankle sprain recurrence rates. 
This effect alone already justifies advocation of braces and neuromuscular training after 
treatment. 
 
Based on the convincing evidence of the secondary preventive effectiveness of 
prophylactic methods, current guidelines recommend the combined use of bracing and 
neuromuscular training after rehabilitation [15]. Nevertheless, from an efficiency 
standpoint it is debatable whether both measures should be advocated in combination 
or separately. As mentioned, both measures are linked to a comparable reduction in 
recurrence risk [24] and an improved combined effect or benefit has not been studied 
before. 
 
Such a question of efficiency can be best answered through a cost-effectiveness analysis, 
valuing incremental costs of both interventions to - in the case of injury prevention - the 
incremental reduction in injury risk. This type of analysis adds a relevant layer of 
information to preventive outcomes as insights into the financial input and outcomes of 
preventive approaches are included. One of the first published evaluations of the 
economic consequences of a sports injury prevention program dates back to 2005. 
Verhagen and colleagues described that preventive effects of a balance training program 
were achieved at certain costs [27]. Since then the value of economic evaluation of injury 
prevention research has been acknowledged and multiple publications have followed 
[11,17]. Nevertheless, cost-effectiveness analyses remain scarce within the field of 
sports injury prevention. Therefore, the aim of the current study was to evaluate the 
cost-effectiveness of the separate and combined use of bracing and neuromuscular 
training for the prevention of ankle sprain recurrences. 
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METHODS 
 
Study design 
This study describes an economic evaluation conducted parallel to a clinical trial. The 
study design of the clinical trial and the intervention are described in detail elsewhere 
[13]. Briefly, a three arm randomised controlled trial was conducted to investigate the 
effectiveness of neuromuscular training, braces or a combination of both for the 
prevention of ankle sprain recurrences. Athletes who had suffered an ankle sprain were 
recruited through non-medical channels (ie, newspapers, sports magazines, sports 
federation newsletters, and the Internet). After inclusion participants were randomised 
to a Neuromuscular Training (NMT), Brace or Combination (Combi) group, stratified for 
medical treatment of the inclusion sprain. Before allocation to any of the intervention 
groups all participants had received ankle sprain treatment according to usual care. The 
economic evaluation was done from a societal perspective and  with a time horizon of 12 
months.  A societal perspective considers all relevant costs and effects, regardless of 
who pays or who benefits from the effects [4]. Costs assessed included direct 
programme costs, direct healthcare costs, time spent conducting the allocated 
programme, and productivity losses from paid and unpaid work [20]. The main clinical 
outcome of the cost-effectiveness evaluation was injury reduction. 
 
Interventions 
Participants allocated to the NMT group received an eight weeks home-based NMT 
programme [12,13]. The programme included a balance board (Avanco AB, Sweden), 
exercise sheets, and an instructional DVD showing all exercises. The programme 
prescribed three home-based unsupervised training sessions a week, with a maximum 
duration of 30 minutes per session. A full description of the programme has been 
published previously and was linked to a significant reduction in ankle sprain 
recurrence risk [12]. 
Participants allocated to the Brace group received a semi-rigid ankle brace (Aircast A60 
Ankle Support, DJO, Europe) to be worn during all sports activities for a period of 12 
months. Furthermore general information on the application and maintenance of the 
brace was provided. 
Participants allocated to the Combi group received both the eight weeks NMT 
programme as well as the brace. Participants in the Combi group were instructed to 
wear the ankle brace during all sporting activities over the eight weeks NMT period.  
This combined approach is in line with usual preventive care as described in evidence-
based ankle sprain guidelines [15]. Henceforward, the Combi group was taken as the 
control condition within the analyses. 
 
Sample Size 
Scientific evidence on the combined effect of braces and proprioceptive training is not 
available and the effectiveness of both measures was considered to be of equal 
magnitude. This assumption corresponds to what has been reported in the literature 
[24]. In general, economic evaluations are not powered on cost outcomes as this may 
result in a study overpowered for effects [10]. However, under the assumption of 
comparable effectiveness, main differences were to be expected on the cost side. As 
such, in order to investigate cost-effectiveness, sample size was calculated from the 
perspective of differences in intervention costs. The NMT program costs an estimated 
€27.50 [11,27] (Table 1). Braces were estimated at €50 [13]. Consequently usual care 
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that combines both braces and NMT was projected at €77.50. Based on a relevant 
difference of €50 in costs (i.e, the cost difference between the combination and the NMT 
programs), a total of 99 participants per group was needed with an alpha of 0.05 and a 
beta of 0.80. Taking an attrition rate of 20% into account this means a total sample of 
356 participants was required at baseline. 
 

 
 
Data Collection 
After inclusion participants completed a baseline questionnaire on demographic 
variables and details of the current ankle sprain. Follow-up measurements commenced 
after randomisation, and took place once a month for a total period of 12 months. 
Athletes reported all sudden inversions of the same ankle and details of their sports 
participation for each training session and match on a monthly basis. In case of a 
reported ankle sprain recurrence, a Web-based ankle sprain registration form, derived 
from a previously used injury registration form was completed [12,29]. Alongside this 
form, participants received a cost diary, in which they were asked to continuously 
register all absence from work, school, and other chores of life, and all health care 
utilisation (including use of medication) from the moment of injury until full recovery. 
This approach is recommended [9] and equal to the methodology applied in previous 
studies on this topic [11,27]. 
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Cost Valuation 
Table 1 provides an overview of the cost categories that were registered and related 
costs [20]. For each group the fixed intervention costs included material costs for the 
allocated intervention. In addition to these fixed intervention costs, costs for time spent 
conducting the allocated program (patient time) were estimated at a shadow price of 
€12.50 an hour. This allowed for maximum costs for patient time of 100€ in the NMT 
and Combi group; 3 weekly 20-minute training sessions for a duration of 8 weeks. Costs 
for patient time were corrected for program compliance, which was registered through 
the monthly questionnaires and categorised as full (>75%), substantial (50%-75%), low 
(25%-50%) or no (<25%) participation. Bracing was assumed to have no time burden to 
the participant and costs for patient time were set at 0. 
 
Next to the costs of the intervention itself, costs of health care utilisation were included. 
Standard prices were used to value health care utilisation [20]. The costs of medication 
were estimated on the basis of prices recommended by the Royal Dutch Society of 
Pharmacy [20]. Costs of loss of productivity due to absenteeism from paid or unpaid 
work were also included. Costs of absenteeism from paid work were estimated using the 
friction cost approach with a friction period of 160 days and based on the mean age- and 
sex-specific income of the Dutch population [20]. Costs of productivity loss attributable 
to unpaid work, such as study and household work, were estimated at a shadow price of 
€12.50 an hour [20]. All prices were standardised to the year 2013 and adjusted for 
inflation [2]. The time horizon of this study is 12 months and therefore costs and effects 
will not be discounted. A sensitivity analysis was performed excluding patient time 
costs. 
 
Data Analysis 
Complete cost diaries were retrieved from 67 of the 69 injured participants (97%). 
Given the limited amount of missing data it was decided not to use imputation 
techniques. Non-parametric Bootstrapping was used to calculate 95% confidence 
intervals (95% CI) around mean costs and cost differences to account for the skewed 
cost distributions. The incremental cost-effectiveness ratio (ICER) was calculated with 
the Combi group as reference. As such, ICER presents the incremental costs of either the 
NMT or Brace group to prevent one ankle sprain recurrence in comparison with the 
Combi group. Uncertainty surrounding the ICER was shown in a cost-effectiveness plane 
(CE plane), using non-parametric bootstrapping with 1,000 replications [3]. 
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RESULTS 
 
A total of 340 participants were recruited and randomly assigned to either the NMT 
group (n = 107), Brace group (n = 113), or Combi group (n = 120). Stratification created 
a lower percentage medically treated participants for the Brace group. There were no 
other differences between groups at baseline (Table 2). During the course of follow-up, 
69 athletes reported an ankle sprain recurrence: 29 (27%) in the NMT group, 17 (15%) 
in the Brace group and 23 (18%) in the Combi group. After 12 months, in comparison to 
the Combi group no significant differences in ankle sprain recurrence incidence 
densities were found (Table 2). The NMT did show, however, a greater ankle sprain 
recurrence incidence density as opposed to the Brace group. 
 
Costs per participant 
Mean overall costs were €163.60 (SD €60.04) per participant in the Combi group, 
€87.44 (SD €141.22) per participant in the Brace group, and €135.23 (SD €156.55) per 
participant in the NMT group (Table 3). There was a total cost differences of €76.15 
(95%CI €41.48 : €99.90) per athlete between the Combi and Brace groups. The overall 
costs between the Combi and NMT groups did not differ. Differences in overall costs 
were primarily due to differences in patient time costs. For direct and indirect cost 
categories no differences between groups were found. 
 
Costs per injured participant 
Mean overall costs were €214.85 (SD €115.05) per injured participant in the Combi 
group, €227.04 (SD €346.93) per participant in the Brace group, and €246.08 (SD 
€274.48) per participant in the NMT group. Despite significant differences in patient 
time costs between groups, no differences in overall costs were established (Table 3). 
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Cost-effectiveness analysis 

The ICER of the Brace group in comparison with the Combi group was €-2828.30, based 
on a difference in mean cost of €-76.16 and a difference in mean effects of 2.68%. The 
ICER of the NMT group in comparison with the Combi group was €310.08, based on a 
difference in mean cost of €-28.37 and a difference in mean effects of 9.15%. Figure 1 
shows the cost-effectiveness plane for ankle sprain recurrence differences for the Brace 
and NMT groups versus the Combi group. A total of 75% of the bootstrapped ICERs of 
the Brace group are in the south-east (dominant) quadrant, indicating that in the Brace 
group there were significantly lower costs and fewer ankle sprain recurrences as 
compared with the Combi group. For the NMT group 93% of ICERs lie in the south-west 
quadrant, indicating lower costs against lower effects. 
 

 
 
Figure 1 Cost-effectiveness plane presenting cost-effect pairs estimated by using 
bootstrapping (1,000 samples) in each dataset plane for ankle sprain recurrence risk 
difference for the NMT and Brace intervention group versus the Combi group. The open 
dots represent the bootstrapped cost-effect pairs for the NMT group. The closed dots 
point represent the bootstrapped cost-effect pairs for the Brace group. 
 
Sensitivity analysis 
Figure 2 shows the cost-effectiveness plane for ankle sprain recurrence differences for 
the Brace and NMT groups versus the Combi group. When patient time is disregarded as 
part of the intervention costs the ICER of the Brace group in comparison with the Combi 
group is reduced to €-579.86, based on a difference in mean cost of €-15.56 and a 
difference in mean effects of 2.68%, and a total of 66% of the bootstrapped ICERs of the 
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Brace group are in the south-east (dominant) quadrant. This indicates that when patient 
time is not taken into account bracing still dominates over the combined intervention, 
yet to a lesser extent. The ICER of the NMT group in comparison with the Combi group 
was €419.88, based on a difference in mean cost of €-38.42 and a difference in mean 
effects of 9.15%. For the NMT group 94% of pairs lie in the south-west quadrant. This 
shows that when patient time is disregarded NMT remains less expensive against lower 
effects. 
 

 
 
Figure 2 Cost-effectiveness plane after exclusion of patient time, presenting cost-effect 
pairs estimated by using bootstrapping (1,000 samples) in each dataset plane for ankle 
sprain recurrence risk difference for the NMT and Brace intervention group versus the 
Combi group. The open dots represent the bootstrapped cost-effect pairs for the NMT 
group. The closed dots point represent the bootstrapped cost-effect pairs for the Brace 
group. 
 
 
DISCUSSION 
 
The present study evaluated the cost-effectiveness of bracing and NMT against a 
combination of both measures, aimed at the prevention of ankle sprain recurrences. 
Results indicate that bracing dominates over both NMT and the combination of both 
measures, providing a more effective and less expensive secondary preventive 
intervention. NMT was associated with non-significant lower costs of €28.37 (95%CI -
8.9 : 58.74) and a non-significant higher ankle sprain recurrence rate (HR=1.52; 95%CI 
0.87 : 2.67). Bracing was associated with significantly lower costs of €76.15 on top of a 
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non-significant favourable effect on ankle sprain incidence (HR=0.81; 95%CI 0.42 : 
1.45). 
 
Relation to other studies 
The present study is the third to present a full economic evaluation on sports injury 
prevention. Previously Hupperets et al. [11] reported on the cost-effectiveness of 
neuromuscular training for ankle sprain prevention. Krist et al. [17] valued the cost 
effectiveness of the F-Marc the 11 programme 19 for the prevention injuries in amateur 
soccer players. Other studies that value the economic side of sports injury prevention do 
exist [18,27], but the topic remains elusive in the field of sports injury research. The 
present study is the first not to consider the cost-effectiveness of an intervention against 
a control group without an intervention, but to value different effective measures 
against each other. This provides insight into which of the studied measures is most cost 
efficient for the secondary prevention of ankle sprains. This is in contrast to, for 
instance, the study by Hupperets et al. [11] which reported on the cost-effectiveness of 
an 8-week neuromuscular training program, the same training program was employed 
in the present study, against no intervention. They reported an ICER of -592 and overall 
€70 return on investment for each intervention handed out. Results of the current study 
indicate that from a societal perspective bracing is a more cost efficient measure than 
the already cost-effective 8-week neuromuscular training programme or a combination 
of both measures. 
 
 
Methodological considerations 
 
Self reporting of outcomes 
We used self-reports for both the recording of clinical as well as economic outcomes of 
this study. Despite all taken efforts to reduce bias induced by self reporting of data a 
potential distorting effect cannot be ignored. Gabbe et al. [7] reported that athletes are 
able to recall the number of injuries sustained with a 12 month recall period, but fail to 
recollect the specific diagnoses of their injuries. In the current study ankle sprain 
recurrences were reported on a monthly basis by which recall bias is considered 
minimal. However, misclassification of injuries sustained during follow-up is possible. 
To minimise classification errors all reported recurrences were followed up by a sports 
physician, who in case of doubt on the reported diagnosis conducted a telephone 
interview. Cost diaries were derived from previous comparable studies registering 
medical consumption and work absenteeism continuously with a one week recall period 
[11,27]. Inconsistencies and missing information in cost data were immediately followed 
up through telephone. This method of continuous registration is recommended [9] and 
resulted in near complete cost data. 
 
Sample size 
Economic evaluations are mostly conducted alongside clinical trials. It is argued that in 
such designs sample sizes should consider both the clinical evaluation as well as the 
economic analysis. However, issues surrounding the nature of cost data hamper power 
calculations with the ICER as the outcome measure [8,31]. The main problem being that 
cost data are skewed (i.e. most participants make no or low costs) and consequently 
display a greater variance than clinical effects. This is disruptive as ‘regular’ sample size 
calculations are based upon an expected difference between groups of normally 
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distributed data. As a result sampling in cost effectiveness studies is regularly only 
based upon clinical outcomes alone [10]. However, based upon available evidence [24] 
in the current study we assumed comparable effectiveness between study groups, and 
the analyses were powered based upon expected cost differences alone. In order to 
circumvent the mentioned issues around power calculations based on costs it was 
decided to only account for a priori known and fixed cost differences between groups, 
namely differences in intervention costs. 
 
Comparative control condition 
The basis of a cost-effectiveness analysis is that one values the incremental costs and the 
incremental effects of an intervention against a ‘control’ condition. To draw meaningful 
clinical inferences from the results one must take ruling clinical practice as the control 
condition for the comparison [4]. A cost-effectiveness question is one of efficiency. 
Consequently no full control may be employed when an effective and clinically adopted 
alternative to the intervention of interest is available. In case of the current study this 
happened to be the combined group, as the advocation of both NMT and braces is 
described in recently published ankle sprain guidelines [15]. This means that results 
from the current study only evaluated the incremental costs and effects of braces or 
NMT as separate measures against their combined use. Consequently from the current 
study no conclusions can be drawn on the effectiveness and cost-efficiency of each of the 
separately implemented measures. 
 
Risk exposure 
One must also consider that compiled sports injury outcome parameters are not 
supported within cost-effectiveness analyses. Although sports injury outcomes are 
preferably presented in incidence densities, clinical relevance of such numbers is not 
meaningful in cost-effectiveness analysis. For example, the total costs to prevent 1 injury 
per 1,000 hours of sports is not considered clinically relevant. Yet, in sports injury 
research incidence density measures are preferred to account for differences in risk 
exposure between study groups [22]. In the current study the randomisation procedure 
resulted in equal groups in terms of sports exposure. As such, no correction for exposure 
was deemed necessary in the cost-effectiveness analysis. However, it cannot be fully 
ruled out that exposure rates may have diverged between study groups due to 
differences in preventive effects between studied interventions. Through successful 
prevention of injury the amount of exposure is increased. Logically this will lead to an 
underestimation of the actual measure’s effectiveness when compared to a less effective 
intervention. To our knowledge this effect has not been described in the literature 
before. In the current study this phenomenon could only have impacted the 
interpretation of the findings by an underestimation of the cost efficiency of the already 
dominant braced condition. 
 
Implications for practice 
Measures that prevent ankle sprains have a substantial public health effect considering 
the high incidence of ankle sprains [6], their long term consequences [23], and their 
associated costs [27]. Based on the convincing evidence of the secondary preventive 
effectiveness of prophylactic methods, recently published guidelines recommend the 
combined use of bracing and neuromuscular training after rehabilitation [15]. The 
present study ascertained whether this combined use is most cost-effective in 
comparison to the separate use of both measures. Bracing was found to be the dominant 
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intervention over both NMT and the combination of both measures, providing a more 
effective and less expensive measure. This does not necessarily mean that bracing 
should be the measure of choice for ankle sprain treatment and follow-up. The present 
study only ascertained the cost-effectiveness of the prevention of ankle sprain 
recurrences. Other clinical consequences of ankle sprains were not taken into account. 
These may include, amongst others, persisting pain, feeling of giving-way, return to 
sport, and ankle instability [23,30]. The beneficial effects of functional rehabilitation 
supported by neuromuscular training after ankle sprains on exactly such clinical 
consequences, are well described in the literature [16,19]. It is recommended that future 
studies establish the cost-effectiveness of ruling guidelines, taking the clinical effect on 
these secondary measures into account. 
 
It must also be noted that clinical care is provided to a single patient. The results of the 
current study present an outcome over a group of patients. As such, findings from this 
study may not reflect the dominant preventative option for each individual patient. 
Recent debate in sports medicine and sports injury research has revolved around the 
implementation of effective measures [5,25]. The issue is simply that measures are only 
effective when actually applied by the individual. For the employed neuromuscular 
training program it has been shown, for instance, that the effect at a population level 
[12] was achieved by only a small group of patients who actually followed the exercise 
program as prescribed [26]. The same applies for the current study where differences in 
compliance between intervention groups has impacted overall outcomes. This has been 
taken into account in the analyses by valuing patient time costs based upon actual 
compliance. However, practitioners must also be aware of the individual preference of 
their patients. 
 
 
CONCLUSION 
The aim of the current study was to evaluate the cost-effectiveness of the individual and 
combined use of bracing and neuromuscular training for the prevention of ankle sprain 
recurrences. Bracing was found to be the dominant intervention over both NMT and the 
combination of both measures, providing a more effective and less expensive secondary 
preventive measure. 
 
Ethical approval 
The study was approved by the medical ethics committee of the VU University Medical 
Center, Amsterdam, Netherlands, (protocol number 31785.029.10) trial register number 
NTR 2157. All athletes gave individual informed consent. 
 
Funding 
The study was funded by the Netherlands Organisation for Health Research and 
Development (ZonMW), grant number 80-82310-97-10063. DJO Europe provided 
braces worth euro €5,000 for this study. The study was conducted independent from the 
funders and sponsors. 
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