
VOL. 3, NO. 6, JUNE 2022 1

Freely available onlineFollow us @BoneJointOpen

BJO

H. Nwankwo,
J. Mason,
M. L. Costa,
N. Parsons,
A. Redmond,
H. Parsons,
A. Haque,
R. S. Kearney

From University 
Hospital Coventry and 
Warwickshire, Univertisy 
of Warwick, Coventry, 
UK

Correspondence should be sent to
Henry Nwankwo; email:  
henry.nwankwo@warwick.ac.uk

doi: 10.1302/2633-1462.36.BJO-
2022-0036

Bone Jt Open 2022;3-6:xxx–xxx.

�� Foot & Ankle

Cost-utility analysis of cast compared to 
removable brace in the management of 
adult patients with ankle fractures

Aims
To compare the cost-utility of removable brace compared with cast in the management of 
adult patients with ankle fracture.

Methods
A within-trial economic evaluation conducted from the UK NHS and personnel social services 
(PSS) perspective. Health resources and quality-of-life data were collected as part of the An-
kle Injury Rehabilitation (AIR) multicentre, randomized controlled trial over a 12-month pe-
riod using trial case report forms and patient-completed questionnaires. Cost-utility analysis 
was estimated in terms of the incremental cost per quality adjusted life year (QALY) gained. 
Estimate uncertainty was explored by bootstrapping, visualized on the incremental cost-
effectiveness ratio plane. Net monetary benefit and probability of cost-effectiveness were 
evaluated at a range of willingness-to-pay thresholds and visualized graphically.

Results
The incremental cost and QALYs of using brace over a 12-month period were £46.73 (95% 
confidence interval (CI) £-9 to £147) and 0.0141 (95% CI (-0.005 to 0.033), respectively. The 
cost per QALY gained was £3,318. The probability of brace being cost-effective at a £30,000 
per QALY willingness-to-pay threshold was 88%. The results remained robust to a range of 
sensitivity analyses.

Conclusion
This within-trial economic evaluation found that it is probable that using a removable brace 
provides good value to the NHS when compared to cast, in the management of adults with 
ankle fracture.
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Introduction
Ankle fracture is one of the most common 
fractures among adults, representing a 
substantial proportion of the trauma work-
load.1 As the population ages and more 
people choose to remain active in later years, 
the burden of ankle fracture is expected to 
increase,2 leading to cost pressures on the 
NHS due to the considerable costs associated 
with managing ankle fractures.3

Ankle fractures can be managed with or 
without surgery, but for both, initial manage-
ment includes a period of immobilization. 
Immobilization may be either by a plaster or 
synthetic cast, or by a removable brace. Cast 
management may increase muscle atrophy, 

joint stiffness, and the incidence of deep 
vein thrombosis, which is associated with 
prolonged immobilization.4 A removeable 
brace, that allows earlier movement, may 
address such risks, but does not provide the 
same degree of support to healing bones.5

A recent randomized controlled trial (RCT) 
comparing these two management strategies 
demonstrated that there was no statistically 
significant difference in the patient-reported 
Olerud Molander ankle score at 16  weeks 
and removable brace management was 
safe.6 To date, the cost-effectiveness of these 
alternatives is unknown, but such evidence 
should help inform resource allocation deci-
sions in the NHS.3
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This is the first study to assess the cost-effectiveness 
of removable brace compared to cast in operatively 
and non-operatively managed adult patients with ankle 
fracture.

Methods
Background of trial.  Data were available from the Ankle 
Injury Rehabilitation (AIR) trial; its protocol and trial results 
are reported in detail elsewhere.6,7 AIR was a UK-based, 
pragmatic, multicentre, RCT that recruited patients be-
tween October 2017 and September 2019. Patients were 
eligible for inclusion if they were aged 18 years and over 
and presented to the hospital with an ankle fracture, 
whether treated operatively or nonoperatively, for which 
the clinician would consider cast a reasonable manage-
ment option. Further details on eligibility can be found 
in the protocol7 and the main clinical results.6 The AIR 
trial was approved by the UK National Research Ethics 
Committee (17/WM/0239).
Trial recruitment and demographics.  There were 334 pa-
tients randomized to cast and 335 patients randomized 
to removable brace. The mean age of participants was 
46.3 years (standard deviation (SD) 17), and more than 
half the participants were female (57%). All participants 
had a clear ankle fracture on a radiograph, with 624 
(93%) showing lateral malleolar involvement, 194 (29%) 
medial malleolar involvement, and 120 (18%) posterior 
malleolar involvement. Surgery was performed in 364 of 
669 the randomized participants. Further details on tri-
al recruitment and demographic information of partici-
pants can be found in the clinical paper.6

Resource use data.  Data were recorded using case report 
forms at six, ten, 16, and 24 weeks, and 12 months post-
randomization. Use of medication, outpatient visits, com-
munity care services, and in-patient care were recorded 
by participants. Non-medical health care resource use, 
such as aids and adaptations and personal social services 
(PSS), were also recorded. Data on lost productivity due 
to injury were collected at each time point. The resource 
items collected reflects an NHS and PSS perspective, and 
a broader societal perspective, additionally including lost 
productivity costs and private health and non-medical 
healthcare costs incurred.
Collection and valuation of resource use.  We used meth-
ods recommended by the National Institute of Health 
and Care Excellence (NICE) guide to methods of tech-
nology appraisal.8 Medication used was identified and 
valued using 2019/2020 NHS Prescription cost anal-
ysis data for England,9 and the 2019 British National 
Formulary.10 Inpatient care procedures were derived 
from the relevant Health Care Resource Group (HRG) 
and OPCS Classification of Interventions and Procedures 
version 4 (OPCS4) codes of reported procedures and/
or clinical diagnosis. These procedures were valued us-
ing Department of Health and Social Care Reference 

Costs.11 Costs associated with out-patient services were 
derived using Department of Health and Social Care 
Reference Costs. Unit costs for community and PSS were 
obtained from the Personal and Social Service Research 
Unit (PSSRU) cost compendium.12 Costs for aids and ad-
aptations used were obtained from the NHS supply chain 
catalogue 2019.13

Costs were calculated by multiplying resource use by 
item unit costs, in pounds sterling using the 2019/2020 
prices. If necessary, costs were inflated or deflated using 
the Health and Community Health Prices Pay and Price 
Inflation Index.13 No discounting of costs was applied 
since cost-effectiveness was determined in the first year 
following treatment.

For the base case analysis NHS and PSS costs were 
included. Non-prescribed medications, private physio-
therapy services, and services not normally provided by 
the NHS were considered private expenses. Costs asso-
ciated with lost productivity were estimated using the 
human capital approach, where median daily wage was 
multiplied by number of days off work due to injury.
Health outcomes.  The primary health outcome for the 
economic evaluation was the QALY in accordance with 
NICE guidelines.8 Health-related quality of life of trial 
participants was assessed at baseline (pre and post in-
jury), six, ten, 16, and 24  weeks, and 12  months post-
randomization using the EuroQol five-dimension five-
level (EQ-5D-5L) instrument.14 The EQ-5D-5L defines 
health in relation to five domains: mobility, self-care, 
usual activities, pain and discomfort, anxiety, and depres-
sion. Each domain is expressed in five levels of increasing 
severity ranging from no problems to extreme problems.

Responses to the EQ-5D-5L instrument were converted 
to utilities by mapping responses from the EQ-5D-5L to 
the EuroQol five-dimension three-level (EQ-5D-3L) valua-
tion set using a mapping function15 as recommended by 
NICE.16 QALYs were generated for each patient using the 
trapezoidal rule.
Statistical analysis.  Analysis followed intention to treat 
(ITT) principles, providing summaries, and estimates of 
effects based on allocated (as per randomization) treat-
ment groups. Free text resource-use responses were re-
coded within cost categories where possible or removed 
if they were deemed not relevant to the trial treatments 
by clinical experts. Resource use categories, costs, and 
utilities were summarized by trial arm and differences 
were tested for statistical significance by independent-
samples t-test. A two-sided significance level of 5% was 
used.
Cost-utility analysis.  Cost-effectiveness is presented as 
an incremental cost-effectiveness ratio (ICER), calculated 
as the ratio between of the mean difference in costs and 
QALYs. The removable brace was selected as the test in-
tervention and cast as usual care (control). For the base 
case model, 5000 bootstrapped replicates of incremental 



VOL. 3, NO. 6, JUNE 2022

COST-UTILITY ANALYSIS OF CAST COMPARED TO REMOVABLE BRACE IN THE MANAGEMENT OF ADULT PATIENTS WITH ANKLE FRACTURES 3

Table I. Mean NHS and social services costs in GBP (£) between 0 to 12 months for cases with complete data in 2019/2020 prices.

Variable Brace (n = 335), mean (SD) Cast (n = 334), mean (SD) Mean difference* (95% CI) p-value*

Inpatient care 270.75 (1921.84) 134.55 (610.32) 136.20 (-187.10 to 459.51) 0.407

Medication 15.92 (44.55) 24.52 (57.35) -8.60 (-19.77 to 2.57) 0.131

Community health services 35.44 (92.84) 32.61 (107.97) 2.83 (-17.78 to 23.45) 0.787

Outpatient services 454.46 (494.57) 470.56 (432.02) -16.10 (-119.05 to 86.86) 0.759

Aids and adaptation 18.75 (32.37) 23.46 (59.06) -4.71 (-14.96 to 5.55) 0.367

Personnel social services 0 (0) 1.06 (8.83) -1.06 (-2.47 to 0.35) 0.141

Productivity loses 3012.78 (4,137.19) 2968.13 (4,305.27) 44.64 (-847.31 to 936.59) 0.922

*Mean difference and p-value calculated using Student's t-test, two-tail unequal variances.
CI, confidence interval; SD, standard deviation.

Table II. Complete case EQ-5D-5L utility estimates and mean difference between the groups for those with complete data.

Health status Brace (n = 335), mean (SD) Cast (n = 334), mean (SD) Mean difference* (95% CI) p-value*

EQ-5D baseline 0.212 (0.310) 0.238 (0.311) -0.027 (-0.074 to 0.021) 0.271

EQ-5D 0 to 6 wks 0.534 (0.258) 0.497 (0.272) 0.037 (-0.010 to 0.084) 0.120

EQ-5D 7 to 10 wks 0.660 (0.180) 0.647 (0.192) 0.013 (-0.021 to 0.047) 0.442

EQ-5D 11 to 16 wks 0.730 (0.177) 0.702 (0.198) 0.028 (-0.005 to 0.061) 0.096

EQ-5D 17 to 24 wks 0.778 (0.176) 0.767 (0.193) 0.011 (-0.023 to 0.045) 0.535

EQ-5D 25 to 52 wks 0.812 (0.192) 0.825 (0.171) -0.013 (-0.046 to 0.020) 0.438

EQ-5D AUC 0.723 (0.153) 0.720 (0.149) 0.003 (-0.030 to 0.034) 0.890

*Mean difference and p-value calculated using Student's t-tests, two-tail unequal variances.
AUC, area under the curve; CI, confidence interval; EQ-5D-5L, EuroQol five-dimension five-level; SD, standard deviation.

costs and QALYs were used to populate the ICER plane, 
reflecting sampling uncertainty. The cost-effectiveness 
acceptability curve (CEAC) was generated showing the 
probability that brace is cost-effective compared to cast at 
different willingness-to-pay thresholds. The net monetary 
benefit (NMB) of using a removable brace was calculat-
ed at the different willingness-to-pay thresholds, where a 
positive incremental NMB would indicate that the brace 
is cost-effective compared to the cast. The expected value 
of perfect information (EVPI) was calculated and repre-
sented graphically, indicating the monetary value of re-
moving all uncertainty from the cost-effectiveness esti-
mate at a range of willingness to pay thresholds.
Missing data.  Missing costs and health utility data were 
imputed under the missing at random (MAR) assump-
tion, at each time point using fully conditional multiple 
imputation by chain equations implemented through the 
MICE package in Stata 16 (StataCorp, USA). The appro-
priateness of using MAR assumption was evaluated by in-
vestigating the missing data patterns and comparing at-
tributes with and without missing cost and health-related 
quality of life data.

The multiple imputation model used baseline covari-
ates (age, sex, and ankle fracture treatment, either opera-
tively managed or nonoperatively managed). Unobserved 
costs and QALYs were imputed at each follow-up time 
point using observed values. Iterations of the imputation 
model were assessed for convergence, and the distribu-
tion of observed, imputed, and completed data for costs 
and QALYs were compared graphically.

Imputation was conducted separately for each trial 
arm in line with best practice,17 generating 50 imputa-
tion draws. The number of draws was initially selected 
reflecting the extent of missing data and verified by 
assessing the fraction of missing information reported by 
the base case model. Bivariate regression using seemingly 
unrelated regression (Sureg) was used to estimate costs 
and QALYs, adjusting for baseline covariates (age, sex, 
and ankle fracture treatment) and baseline utility. The 
Mi function in Stata provided estimates for the imputed 
model applying Rubin’s rule,18 reflecting the variability 
within and across imputations. Joint distributions of costs 
and outcomes were generated through non-parametric 
bootstrapping of the imputed model, and incremental 
costs and QALYs were estimated.
Sensitivity analysis.  Sensitivity analyses were conducted 
to test the robustness of the cost-effectiveness estimates. 
These include re-estimating the cost-effectiveness esti-
mates (i) using complete case data (ii) adopting a wider 
societal perspective, including private costs incurred and 
productivity losses due to work absences.

Results
Completeness of data.  Of 669 participants randomized, 
data for 228 were missing at the six-week follow-up time 
and 285 were missing at the 12-month follow-up. The 
level of missingness of data was similar in each treatment 
arm. Imputation was done at the aggregate resource use 
level at each follow-up timepoint. A detailed breakdown 
of the missingness of health economic data for each 
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Fig. 1

Incremental cost-effectiveness ratio plane with 95% confidence region.

Table III. Cost-effectiveness of cast compared to removable brace (£, 2019).

Cost effectiveness threshold

Variable
Incremental
cost (95% CI)

Incremental
QALY 
(95% CI) ICER Probability* Probability† Probability‡

NMB*, mean 
(95% CI)

NMB†, mean 
(95% CI)

NMB‡, mean 
(95% CI)

Base case§ 46.73 (--9 to 
147)

0.014 (-.005 to 
0.033)

3,318 0.81 0.84 0.88 164.52 (-
191.10 to 
527.21)

234.93
(-203.03 to 
686.02)

375.76
(-229.72 to 
1007.94)

Complete 
case¶

289.65 (-133 to 
712)

0.013 (-0.020 
to 0.047)

21,499 0.41 0.48 0.58 -87.56
(-817.6 to 
597.73)

-20.19
(-880.26 to 
818.70)

114.54
(-1050.34 to 
1263.19)

Societal 
perspective§

101.42 (-495 to 
697)

0.014 (-0.005 
to 0.033)

7,264 0.63 0.68 0.76 108.02
(-622.48 to 
836.32)

177.84
(-614.23 to 
951.36

317.47
(-580.70 to 
1190.58)

*At £15,000.
†At £20,000.
‡At £25,000.
§Imputed model: costs and qualtiy of life years (QALYs) adjusted for age, sex, and ankle fracture management; QALYs adjusted for baseline EuroQol five-
dimension (EQ-5D).
¶Attributable costs and QALYs adjusted for age, sex, and ankle fracture management; QALYs adjusted for baseline EQ-5D.
CI, confidence interval; ICER, incremental cost-effectiveness ratio ; NMB, net monetary benefit.

resource use category, and at each follow-up time point, 
can be found in Supplementary table i.
Health and social care costs and resource use.  There were 
no statistically significant differences in resource use 
categories between the treatment groups. A detailed 
breakdown of the health and social care resource use 
by follow-up timepoints in each group can be found in 
Supplementary Material table ii. At follow-up time pe-
riods between baseline and 12  months, the mean NHS 
and PSS costs for those with complete data were also 

generally similar with small, non-significant differences. 
Intervention costs were £108.64 for removable brace and 
£35.71 for cast.19 Over the entire follow-up period, mean 
total NHS and PSS costs were non-significantly higher in 
the brace group compared to the cast group. With the 
addition of intervention costs,19 the mean between group 
difference for those with complete data was £278.08 
(95% CI £-153.80 to £709.95).

Table  I reports the mean cost for each resource use 
category, alongside productivity loses, over the follow-up 
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Fig. 2

Cost-effectiveness acceptability curve.

Fig. 3

Net bonetary benefit with 95% confidence interval.
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Fig. 4

Expected value of perfect information.

period for cases with complete data. A detailed break-
down of mean NHS and PSS costs, and productivity loses 
at each follow-up timepoint can be found in Supplemen-
tary table iii.
Health outcomes.  Table  II summarizes the EQ-5D utility 
estimates and estimated mean difference between the 
two trial groups for each study period. There were no sta-
tistically significant differences in EQ-5D utility between 
treatment groups at any time point. The mean QALYs for 
brace recipients were similar to cast (0.723 vs 0.720; p = 
0.890). The mean difference of 0.013 was not statistically 
significant at a 5% level.
Cost-utility analysis.  Cost effectiveness results are present-
ed in Table  III with removable brace as the intervention 
and cast as the control treatment. Point estimates of the 
incremental costs and QALYs (and 95% CIs) are present-
ed, generated from the bootstrapped, imputed model. 
The probability of brace being cost-effective is presented 
at cost-effectiveness thresholds (£15,000, £20,000, and 
£30,000); the mean net monetary benefit (and 95% CI) is 
similarly presented. The analytic time horizon covers the 
period from baseline to 12 months.

Participants in the brace group had a small non-
significant increase in cost (£46.73; 95%  CI £-9 to 
£147) a small and non-statistically significant increase in 
QALYs (0.0141; 95% CI -0.005 to 0.033). Together, these 
increases result in a base case ICER of £3318 per QALY 
gained from the NHS and PSS perspective. Assuming 

thresholds of £15,000/QALY, £20,000/QALY and £30,000/
QALY, the probability that the brace is cost-effective was 
0.81, 0.84, and 0.88 respectively. The mean net mone-
tary benefit was positive at the reported thresholds and 
the expected value of perfect information was £17.60 per 
patient at a threshold of £30,000/QALY. supported the 
base case findings showing brace was cost-effective at 
the £30,000/QALY threshold. For the complete case anal-
ysis, the ICER increased to £21,499/QALY, with a lower 
probability that the use of brace was cost-effective (p = 
0.578 at £30,000/QALY willingness-to-pay). Figures 1 to 
4 visualizes the ICER plane, EVPI, as well as the proba-
bility that brace is cost-effective and net monetary benefit 
of brace at varying willingness-to-pay thresholds (£0 to 
£100,000/QALY). Use of the brace is likely to be cost-
effective at a cost-effectiveness threshold of £30,000/
QALY in the population studied. However, the ICER is 
composed of small non-significant increases in cost and 
QALYs. Sensitivity analysis conducted (complete case 
and societal perspective) supported the base case find-
ings showing brace was cost-effective at the £30,000/
QALY threshold. For the complete case analysis, the ICER 
increased to £21,499/QALY, with a lower probability that 
the use of brace was cost-effective (p = 0.578 at £30,000/
QALY willingness-to-pay).
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Discussion
This study shows that use of a removable brace is likely 
to be cost-effective compared to use of cast among 
patients with ankle fracture, assuming a willingness to 
pay threshold of £30,000 per QALY.20 Removable brace 
had a non-statistically significant incremental cost of £47 
compared to cast and an incremental QALY gain of 0.014.

This is the first within-trial economic evaluation to 
consider the cost-effectiveness of a removable brace 
compared to a cast in the management of adults with 
ankle fracture. A previous study, in a paediatric popula-
tion, found a removable brace to be a cost-effective alter-
native to casting in the management of low-risk ankle 
fracture.21 Another study found a removable brace to be a 
cost-effective alternative to a cast in the management of 
patients with Achilles tendon rupture19 Thus, our results 
showing removable brace as a cost-effective alternative 
to casting are consistent with previous findings following 
other injuries.

A strength of this study was the large number of partic-
ipants in one of the largest RCTs among adult patients 
with ankle fracture. The comprehensive assessment of 
health and social care resource use at various timepoints 
further strengthens the study. A limitation was the extent 
of missing data which may challenge the internal validity 
of the study. However, sensitivity analysis supported the 
conclusion of the base case analysis. Another limitation 
is that medication and aids and adaptation costs were 
not collected beyond 24  weeks' follow-up. This was, 
however, unlikely to affect the results as the mean differ-
ence in medication and aids and adaptation costs at 
earlier timepoints was very small.

In conclusion, this study provides robust evidence that 
functional brace is a cost-effective alternative to cast in 
operatively and nonoperatively managed adult patients 
with ankle fracture under commonly assumed thresholds 
of societal willingness to pay.

Take home message
- - This is the first study to examine the cost-effectiveness of 

removable brace compared with cast in the management of 
operatively and nonoperatively managed adult patients with 

ankle fracture.
- - Ankle fractures represent a major trauma workload in the UK and 

this study provides evidence that a removable brace is a cost-effective 
alternative to cast in managing patients with a fracture of the ankle.

Supplementary material
‍ ‍Tables showing missingness of data, use of health 

and social care resources, and mean NHS and 
social services costs at follow-up periods.
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