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Early versus delayed weight-bearing following operatively 
treated ankle fracture (WAX): a non-inferiority, multicentre, 
randomised controlled trial
Christopher Patrick Bretherton, Juul Achten, Vidoushee Jogarah, Stavros Petrou, Nicholas Peckham, Felix Achana, Duncan Appelbe, 
Rebecca Kearney, Henry Claireaux, Philip Bell, Xavier L Griffin, for the WAX Investigators*

Summary
Background After surgery for a broken ankle, patients are usually instructed to avoid walking for 6 weeks (delayed 
weight-bearing). Walking 2 weeks after surgery (early weight-bearing) might be a safe and preferable rehabilitation 
strategy. This study aimed to determine the clinical and cost effectiveness of an early weight-bearing strategy compared 
with a delayed weight-bearing strategy.

Methods This was a pragmatic, multicentre, randomised, non-inferiority trial including 561 participants (aged ≥18 years) 
who received acute surgery for an unstable ankle fracture in 23 UK National Health Service (NHS) hospitals who were 
assigned to either a delayed weight-bearing (n=280) or an early weight-bearing rehabilitation strategy (n=281). Patients 
treated with a hindfoot nail, those who did not have protective ankle sensation (eg, peripheral neuropathy), did not have 
the capacity to consent, or did not have the ability to adhere to trial procedures were excluded. Neither participants nor 
clinicians were masked to the treatment. The primary outcome was ankle function measured using the Olerud and 
Molander Ankle Score (OMAS) at 4 months after randomisation, in the per-protocol population. The pre-specified non-
inferiority OMAS margin was –6 points and superiority testing was included in the intention-to-treat population in the 
event of non-inferiority. The trial was prospectively registered with ISRCTN Registry, ISRCTN12883981, and the trial is 
closed to new participants.

Findings Primary outcome data were collected from 480 (86%) of 561 participants. Recruitment was conducted 
between Jan 13, 2020, and Oct 29, 2021. At 4 months after randomisation, the mean OMAS score was 65·9 in the early 
weight-bearing and 61·2 in the delayed weight-bearing group and adjusted mean difference was 4·47 (95% CI 
0·58 to 8·37, p=0·024; superiority testing adjusted difference 4·42, 95% CI 0·53 to 8·32, p=0·026) in favour of early 
weight-bearing. 46 (16%) participants in the early weight-bearing group and 39 (14%) in the delayed weight-bearing 
group had one or more complications (adjusted odds ratio 1·18, 95% CI 0·80 to 1·75, p=0·40). The mean costs from 
the perspective of the NHS and personal social services in the early and delayed weight-bearing groups were £725 
and £785, respectively (mean difference –£60 [95% CI –342 to 232]). The probability that early weight-bearing is cost-
effective exceeded 80%.

Interpretation An early weight-bearing strategy was found to be clinically non-inferior and highly likely to be cost-
effective compared with the current standard of care (delayed weight-bearing).
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NIHR Applied Research Collaboration Oxford and Thames Valley.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Each day, approximately 190 people sustain an ankle 
fracture in the UK.1 Many fractures can be treated in a 
cast or removable boot, but often surgery is used to 
realign the ankle bones and hold them stably in place 
while they heal. The surgical procedure is well established 
and follows consistent principles. However, postoperative 
weight-bearing strategies are variable.

Surgeons have historically restricted patients’ normal 
walking (weight-bearing), fearing that excessive loading 
of the bone and metal implants could result in early 
misalignment, damage to soft tissue, unfavourable 
functional outcomes, and the need for further surgery.2 

This weight-bearing restriction, however, significantly 
affects both patients and health-care services. Patients 
encounter inconveniences because they are required to 
use crutches or other assistive devices, potentially leading 
to increased reliance on social care services and longer 
hospital stays.3,4 Patients also report a later return to work 
with the consequent personal and societal financial 
implications.3,5 If there were minimal risk of harm, many 
patients would prefer to walk without weight-bearing 
restrictions following their surgery.

A Cochrane review and the National Institute for Health 
and Care Excellence (NICE) concluded that current 
evidence to support either weight-bearing strategy is at 
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very high risk of bias and insufficient to guide clinical 
decision making.6,7 The aim of the Weight-bearing in 
Ankle Fracture (WAX) trial was to determine the clinical 
and cost-effectiveness of an early weight-bearing strategy 
(at 2 weeks postoperatively) compared with a delayed 
weight-bearing strategy (at 6 weeks postoperatively) for 
adults after ankle fracture surgery.

Methods
Study design
WAX was a pragmatic, non-inferiority, multicentre, 
randomised controlled trial done at 23 National Health 
Service (NHS) hospitals in the UK. The study protocol was 
previously published.8 The study was given a favourable 
research ethics opinion by the Oxford A Research Ethics 
Committee on Nov 22, 2019 (reference 19/SC/0566). Each 
recruitment centre was granted site-specific approval 
from its NHS Trust Research and Development 
department before trial commencement. The trial was 
coordinated by the Oxford Clinical Trials Research 
Unit (OCTRU) at the University of Oxford, Oxford, UK. 
A trial steering committee and data and safety monitoring 
committee oversaw the conduct and progress throughout 
the trial. The trial was prospectively registered with 
ISRCTN Registry, ISRCTN12883981.

Participants
Patients aged 18 years or older who were treated with an 
operation for an ankle fracture within 14 days of their 

injury were eligible to enter the study. Patients were 
excluded if they had been treated with a hindfoot nail, did 
not have protective ankle sensation (eg, peripheral 
neuropathy), did not have the capacity to consent, did not 
have the ability to adhere to trial procedures, or had 
received explicit non-weight-bearing instructions from 
their treating surgeon. In contrast to previous studies, 
patients were not excluded for factors such as open 
fracture, syndesmotic injuries, or poor bone quality.9–12 
Eligible patients were approached by a member of the 
local research team within 2 weeks of their surgery and 
provided with verbal and written trial information. At 
their 2-week postoperative clinical visit, informed written 
consent was obtained from participants by a trained 
member of the research team. Baseline details, including 
a brief medical history, self-reported gender (male, 
female, or prefer to self-describe), and surgical details 
were collected. To provide baseline data, participants 
were asked to recall retrospective preinjury scores for the 
Olerud and Molander Ankle Score (OMAS)13 and health-
related quality of life measured with the EuroQol 
5-dimensions-5-levels (EQ-5D-5L).14

Randomisation and masking
Participants were randomly allocated (1:1) to either an 
early (2 weeks postoperatively) or delayed (6 weeks 
postoperatively) weight-bearing strategy using a secure 
remote computer randomisation service. A minimisation 
algorithm, seeded using simple randomisation and 

Research in context

Evidence before this study
There is disparity in the rehabilitation strategy used following 
ankle fracture surgery. Some patients are permitted to walk on 
their injured ankle 2 weeks after surgery whereas others are 
instructed to keep weight off their ankles for 6 weeks by using 
devices such as crutches. This discrepancy arises from a scarcity 
of evidence and differing opinions among surgeons regarding 
the optimal approach. Some argue that weight-bearing soon 
after surgery might result in loss of bony alignment, healing 
problems, and the need for further operations. Others suggest 
that an early weight-bearing strategy reduces the risk of venous 
thromboembolism, muscle wasting, and might improve 
functional outcomes. In 2012, a Cochrane review reported that 
the available evidence was insufficient to guide weight-bearing 
advice for people after operatively managed ankle fractures. 
To update this literature review, MEDLINE, Embase, and the 
Cochrane Central Register of Controlled Trials were searched for 
studies published between Jan 1, 2011, and March 23, 2023. 
We used the terms “ankle fracture”, “weight-bearing” and 
“surgery”, without language restrictions. We found four 
additional trials that favoured early weight-bearing, but their 
small size and limited generalisability were insufficient to 
change clinical practice. In 2017, a prospective UK multicentre 
evaluation of current practice found that 21% of patients were 

recommended an early weight-bearing strategy after ankle 
fracture surgery.

Added value of this study
In the WAX trial, 561 adults from 23 hospitals in the UK were 
randomly assigned to either an early (2 weeks postoperatively) 
or delayed (6 weeks postoperatively) weight-bearing strategy 
after their ankle fracture was treated with an operation. 
The study found an early weight-bearing strategy was not 
inferior in terms of ankle function to a delayed weight-bearing 
strategy as measured by the Olerud and Molander Ankle Score. 
The study also showed similar complication rates between the 
two approaches. A health economic evaluation indicated that 
an early weight-bearing strategy is highly likely to be cost-
effective. 

Implications of all the available evidence
Ankle fractures are a common injury that can significantly affect 
people’s wellbeing and quality of life. The findings from the 
WAX trial can now serve as a valuable reference for patients and 
health-care professionals to determine the most suitable 
rehabilitation strategy. Policy makers should also take note of 
the health economic evaluation, which suggests that an early 
weight-bearing strategy is not only clinically effective but is also 
highly likely to be cost-effective.
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using a probabilistic random twist element, was used to 
randomly allocate participants, stratified by age 
(dichotomised at age 60 years) and treatment centre. A 
member of the local research team informed the 
participant and treating clinician of the treatment 
allocation. As the treating clinical team had to provide 
participants with weight-bearing instructions and the 
participant had to carry them out, neither clinicians nor 
patients could be masked.

Procedures
All participants were advised to not bear weight on their 
injured limb for the first 2 weeks after surgery, as is 
standard practice in the UK. At the 2-week postoperative 
clinic visit, the clinical team confirmed eligibility and 
decided on the type of ankle immobilisation (cast or 
boot) on the basis of their usual practice. The 
immobilisation method was decided before randomi
sation, as joint loading can occur with mobilisation and 
muscle contractions, potentially altering participant 
outcomes. Participants allocated to early weight-bearing 
were instructed to put as much weight through their 
affected leg as they felt comfortable and without causing 
pain. Participants allocated to delayed weight-bearing 
were instructed to continue non-weight-bearing and 
avoid putting weight through their operated leg for a 
further 4 weeks. Local research teams were trained in 
providing rehabilitation instructions by a member of the 
WAX research team. Copies of the rehabilitation booklets 
provided to the participants are available in the appendix 
(pp 28–93). The adherence to the provision of instructions 
by clinical teams was recorded on a rehabilitation case 
report form for each participant, based on the Template 
for Intervention Description and Replication checklist 
for the description and replication of rehabilitation 
interventions.15 To monitor fidelity, sites were sent an 
encrypted voice recorder to record the delivery of the 
weight-bearing instructions, which was assessed against 
the training materials (appendix p 27). Participant 
adherence to their weight-bearing instructions was self-
reported, with participants in both groups receiving 
weekly emails or text messages asking them to confirm if 
they had started weight-bearing. Subsequent 
rehabilitation or adjunctive therapies were left to the 
discretion of the treating clinician and participant.

Outcomes
Outcome data were collected with REDCap electronic 
data capture tools.16 Participants were prompted by email 
or text messages to complete all follow-up questionnaires 
at 6 weeks, 4 months, and 12 months after randomisation. 
If there was no response to the initial and reminder 
messages, attempts were made to contact participants by 
telephone or post. The primary outcome measure was 
the OMAS at 4 months after randomisation.13 OMAS is a 
reliable and valid ankle-specific patient-reported outcome 
measure that has three domains related to ankle 

symptoms, lower limb-related activities, and overall 
function. It has nine items that combine to give a score 
of 0 (worst) to 100 (best). 4 months was selected for the 
primary outcome assessment as ankle function typically 
improves significantly in the first 3 months after surgery, 
shows slight improvements between the third and sixth 
months, and then tends to stabilise.17

The secondary outcomes were health-related quality of 
life measured with the EQ-5D-5L utility and visual 
analogue scores,14 return to work measured with the 
Work Productivity and Activity Impairment: Specific 
Health Problem (WPAI),18 complications, and health care 
and broader resource use, which included information 
on related health-care costs and out-of-pocket expenses. 
All outcomes were patient-reported and assessed 
centrally with an electronic reporting system. In addition, 
complications including reoperation were reported by 
the local clinical or research team. Where a complication 
was reported by a participant, this was reviewed and 
confirmed by the local research team against hospital 
records within 12 months of randomisation. Where there 
was doubt, this was assessed by a masked member of the 
trial management group. Radiological outcomes will be 
assessed and reported in a future publication.

Statistical analysis
Previous studies have shown a minimal clinically 
important difference of 10 points for the primary 
outcome (OMAS).19,20 A difference of 10 points would 
represent the difference between someone who can walk 
without any support compared with someone who would 
require a crutch to support their walking. Based on the 
largest published randomised controlled trial reporting 
OMAS data within 6 months for operatively treated ankle 
fractures,19 an SD of 21·1 and a non-inferiority margin of 
–6 points were selected. With these assumptions, the 
study required 392 participants to provide primary 
outcome data at 4 months after randomisation, to declare 
non-inferiority with 80% power and 2·5 % (one-sided) 
significance. Allowing for a 10% loss to follow-up, we 
required an overall minimum target of 436 participants 
(218 per group). The trial recruited ahead of schedule and 
so, with the approval of the research ethics committee, 
recruitment was continued for the planned period rather 
than according to the prespecified minimum sample size 
to increase the precision of the trial and account for any 
unanticipated loss to follow-up.

Baseline characteristics, outcomes, and treatment 
adherence were reported with standard statistical 
summaries. Effect estimates were presented with 
95% CIs and p values. Significance was declared at 5%. 
Analyses were done with SAS version 9.4, Stata version 17.0, 
and R version 4.2.1.

The primary analysis was an adjusted one-sided test of 
non-inferiority in the 4-months post-randomisation 
OMAS score in the per-protocol populations. The per-
protocol population was defined as participants who 
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received the intervention as specified. Participants 
were excluded from the per-protocol population if they 
withdrew before treatment, they did not satisfy the 
eligibility criteria for the study, or they were involved 
in major protocol deviations. The OMAS score was 
compared between treatment groups as the dependent 
variable in a mixed-effects linear regression model with 
adjustments for the fixed effects of age, gender, and 
preinjury OMAS score. Since fixed effects do not capture 
the variability of treatment effect across centres and 
participants, random effects were included in the model 
to account for heterogeneity due to recruitment centre 
and within-subject correlation. A treatment-by-time 

interaction was also included in the model. The analysis 
was repeated on the intention-to-treat (ITT) population 
and a complier average causal effect (CACE) analysis was 
performed accounting for participant compliance with 
the weight-bearing instruction. The ITT population was 
defined as participants analysed according to the group 
to which they were randomised regardless of the 
treatment received. For the CACE analysis, participant 
compliance to treatment was defined as those following 
the delayed weight-bearing instructions at least 75% of 
the time (equivalent to at least 3 of the 4 weeks after 
randomisation). All participants allocated to early weight-
bearing were by definition compliers. A test of superiority 
on the ITT population was planned at 2·5% (one-sided) 
significance if the early weight-bearing strategy was 
found to be non-inferior. Additional sensitivity analyses 
of the primary outcome included an unadjusted analysis 
using analysis of covariance, adjusting for baseline 
scores only. Analysis of prespecified subgroups, 
including age group, sex, and whether the participant 
had syndesmosis fixation, was done for the primary 
outcome under the ITT and per-protocol populations.

EQ-5D-5L responses were converted into multi-
attribute utility scores using the algorithm by van Hout 
and colleagues21 for cross-walking 5-level responses to 
3-level utility norms for the UK.22 EQ-5D-5L 
utility scores and EQ-5D-5L visual analogue scores 
were analysed using repeated-measures mixed-effects 
multilevel linear regression models similar to the one 
used for OMAS scores to detect superiority. Between-
group risk differences and odd ratios were reported for 
the binary outcome of whether a participant had any 
complications or further unplanned surgery resulting 
from a complication, adjusting for age and sex. Safety 
was analysed by summarising complications related to 
the ankle fracture. Scores at each timepoint were 
summarised by treatment group using median and IQRs, 
means, and SDs, as well as adjusted differences, 
associated 95% CIs, and p values. Significance was 
declared at 5%.

A prospective health economic evaluation was done 
from an NHS and personal social services (PSS) 
perspective, using a time horizon of 12 months after 
randomisation. Economic costs were calculated using 
estimates of resource inputs associated with the broader 
use of hospital and community-based health and social 
care services, and for the purposes of a sensitivity analysis 
that adopted a societal perspective, also encompassed 
estimates of out-of-pocket medical expenses, and broader 
societal costs such as values of work losses and additional 
care costs associated with ankle fracture surgery. The 
unit costs of hospital and community health and social 
services were obtained from the latest Unit Costs of 
Health and Social Care 2021 report published by the 
Personal Social Services Research Unit,23 and the national 
reference costs 2021 schedules.24 The costs of prescribed 
medication were based on the prescription cost analysis Figure 1: Trial profile

281 allocated to delayed weight-bearing
 277 received allocated intervention
 4 did not receive allocated intervention
 1 surgeon preference
 3 patient refused treatment

234 included in per-protocol analysis
 11 withdrew
 1 died
 35 missing 

565 randomised

4 not allocated treatment
 1 randomisation not completed
 1 participant withdrew
 2 randomisation failed

795 eligible

230 not randomised 
 81 lack of research staff
 72 lack of surgeon equipoise
 57 other reasons
 20 reason unknown

2218 patients screened for eligibility

280 allocated to early weight-bearing

246 included in per-protocol analysis
 2 withdrew
 1 died
 31 missing

237 included in intention-to-treat analysis
 11 withdrew
 1 died
 32 missing

243 included in intention-to-treat analysis
 2 withdrew
 1 died
 34 missing

1423 excluded (some had multiple exclusions)
 164 surgery not performed within 14 days of 

injury
 938 surgeon issued non-weight-bearing 

instructions
 315 no consent
 30 lack of protective sensation
 134 unable to adhere to trial protocols
 35 received hindfoot nail for index fracture
 32 other
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2021 tables,24 and the online version of the British 
National Formulary 2021 edition.25 Out-of-pocket medical 
expenditures were self-reported by trial participants. The 
median national wage obtained from the Office for 
National Statistics was used for the valuation of 
participants’ work losses.26 Participant-level costs for each 
resource variable were calculated by multiplying resource 
quantities with their respective unit costs, weighted by 
length of stay or duration of contact, where applicable. 
The two-sample t test was used to compare the between-
group differences for mean resource use and mean costs 

at each assessment point. The main health outcome 
measured in this within-trial economic evaluation was 
the quality-adjusted life-year (QALY), which is 
recommended in the NICE reference case.27

Multiple imputation by chained equations, 
implemented through the R package MICE,28 was used to 
predict values for any missing items within the economic 
dataset, assuming that the data were missing at random. 
Bivariate regression using seemingly unrelated regression 
was used to estimate incremental NHS and PSS costs 
and incremental QALYs between early and delayed 
weight-bearing, controlling for baseline covariates 
(eg, age, sex, and either baseline EQ-5D-3L utility scores 
[ for incremental QALYs] or baseline NHS and PSS costs 
[ for incremental costs]). The cost-effectiveness outcomes 
generated included the incremental cost-effectiveness 
ratio, net monetary benefit statistics, and the probability 
that a strategy of early weight-bearing is cost-effective at 
the prespecified cost-effectiveness threshold of £20 000. 
Decision uncertainty was assessed by varying the cost-
effectiveness threshold to £15 000 and £30 000 for an 
additional QALY. All analyses were done with the 
statistical package R version 4.2.1. Further details of the 
health economic evaluation, including the sensitivity 

Early weight-
bearing group 
(n=280)

Delayed 
weight-
bearing group 
(n=281)

Total 
(n=561)

Age, years 48·5 (16·4); 
49·5 
(36·0–61·0)

48·1 (16·6); 
50·0 
(34·0–62·0)

48·3 (16·4); 
50·0 
(35·0–62·0)

BMI, kg/m² 29·1 (5·8); 
28·3 
(24·9–31·9)

28·9 (6·4); 
27·6 
(24·8–31·7)

29·0 (6·1); 
28·0 
(24·8–31·9)

Days after surgery at 
randomisation

14·5 (3·2); 
14·0 
(13·0–17·0)

14·5 (3·1);
15·0 

(13·0–16·0)

14·5 (3·1); 
14·0 
(13·0–17·0)

Sex

Female 179 (64%) 180 (64%) 359 (64%)

Male 101 (36%) 101 (36%) 202 (36%)

Mechanism of injury

Low energy 205 (73%) 216 (77%) 421 (75%)

High energy 75 (27%) 65 (23%) 140 (25%)

Malleolus involvement

None 10 (4%) 9 (3%) 19 (3%)

Unimalleolar 106 (38%) 101 (36%) 207 (37%)

Bimalleolar 97 (35%) 100 (36%) 197 (35%)

Trimalleolar 67 (24%) 71 (25%) 138 (25%)

Syndesmosis fixation

Yes 86 (31%) 81 (29%) 167 (30%)

Prerandomisation immobilisation

Cast 103 (37%) 96 (34%) 199 (36%)

Removable orthosis 
(eg, boot)

171 (61%) 178 (63%) 349 (62%)

Other 6 (2%) 7 (3%) 13 (2%)

Preinjury walking aids

No 273 (98%) 271 (96%) 544 (97%)

Yes, one stick 6 (2%) 10 (4%) 16 (3%)

Yes, frame or rollator 1 (0%) 0 (0%) 1 (0%)

Medical history

Diabetes 9 (3%) 11 (4%) 20 (4%)

Rheumatoid arthritis 7 (3%) 5 (2%) 12 (2%)

Osteoporosis 7 (3%) 12 (4%) 19 (3%)

Alcohol, units per week

0–7 220 (79%) 204 (73%) 424 (76%)

8–14 42 (15%) 49 (17%) 91 (16%)

15–21 10 (4%) 16 (6%) 26 (5%)

>21 8 (3%) 12 (4%) 20 (4%)

(Table 1 continues in next column)

Early weight-
bearing group 
(n=280)

Delayed 
weight-
bearing group 
(n=281)

Total 
(n=561)

(Continued from previous column)

Regular smoker, cigarettes per day

No 224 (80%) 225 (80%) 449 (80%)

Yes, 0–10 35 (13%) 32 (11%) 67 (12%)

Yes, 11–20 18 (6%) 22 (8%) 40 (7%)

Yes, >20 3 (1%) 2 (1%) 5 (1%)

Years smoked*

0–10 19 (34%) 17 (30%) 36 (32%)

11–20 17 (30%) 13 (23%) 30 (27%)

>20 20 (36%) 26 (46%) 46 (41%)

Employment status

Full time 101 (36%) 117 (42%) 218 (39%)

Part time 37 (13%) 42 (15%) 79 (14%)

Self-employed 38 (14%) 35 (13%) 73 (13%)

Unemployed 33 (12%) 26 (9%) 59 (11%)

Voluntary work 1 (0%) 1 (0%) 2 (0%)

Full-time student 7 (3%) 5 (2%) 12 (2%)

Retired or looking after 
home

63 (23%) 55 (20%) 118 (21%)

Job description† 

Labour 56 (32%) 69 (36%) 125 (34%)

Intermediate 56 (32%) 69 (36%) 125 (34%)

Sedentary 65 (37%) 57 (29%) 122 (33%)

Data are mean (SD), median (IQR), or n (%). *As a percentage of those who 
smoked regularly. †As a percentage of those who were working full time, part-
time, or were self-employed.

Table 1: Baseline factors by treatment group
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analyses and subgroup analyses, are provided in the 
appendix (pp 19–20).

Role of the funding source
The funders of the study had no role in study design, data 
collection, data analysis, data interpretation, and writing 
of the report.

Results
Between Jan 13, 2020, and Oct 29, 2021, 2218 patients 
were screened, 795 of whom were deemed eligible and 
561 were randomly allocated to an early weight-
bearing (n=280) or delayed weight-bearing (n=281) 
strategy. A summary of patients screened, randomly 
assigned, and included in the primary outcome analysis, 
including reasons for exclusion and dropout, is included 
in figure 1 (appendix p 5). Participants had a median age 
of 50 years (IQR 16·4), 359 (64%) of 561 were female, and 
baseline characteristics were well balanced between 
treatment groups (table 1).

Four participants allocated to delayed weight-bearing 
did not receive their allocated treatment due to their 
refusal or surgeon preference. One participant in each 
group received verbal weight-bearing instructions only, 
due to local unavailability of a rehabilitation booklet. The 
remaining participants all received both verbal and 
written weight-bearing instructions. Of the 23 sites, nine 
returned a fidelity recording, of which six sites returned 
two recordings and three sites returned one recording. 
All recorded episodes successfully delivered the key 
instructions for their respective weight-bearing strategy 
(appendix p 10). In the delayed weight-bearing group, 
175 (62%) of 281 complied, 91 (32%) were non-compliers, 
and 15 (5%) were unknown. The median time to self-
reported weight-bearing after randomisation was 4 days 
(IQR 1–7) for the early weight-bearing group and 28 days 
(IQR 14–29) for the delayed weight-bearing group. The 
median time participants used walking aids from 
randomisation was 31 days (IQR 23–48) in the early 
weight-bearing group and 41 days (29–69) in the delayed 
weight-bearing group. Follow-up data were available 
for 480 (86%) of 561 participants 4 months after 
randomisation, with data available for 243 (87%) 
participants in the early weight-bearing group and 

237 (84%) participants in the delayed weight-bearing 
group (appendix p 7).

In the primary analysis of OMAS scores 4 months after 
randomisation, a strategy of early weight-bearing was 
found to be non-inferior (adjusted mean difference 4·47; 
95% CI 0·58–8·37) to a strategy of delayed weight-bearing 
(figure 2). Early weight-bearing was hence tested for 
superiority in the ITT population, which showed that early 
weight-bearing was superior to delayed weight-bearing 
(adjusted difference 4·42; 95% CI 0·53–8·32) at 4 months 
with a p value of 0·026. Sensitivity analyses found similar 
differences (table 2). The CACE analysis mirrored the 
primary analysis findings with an adjusted mean 
difference in OMAS 4 months after randomisation of 6·35 
(95% CI 2·46–10·24) in favour of an early weight-bearing 
strategy. OMAS and EQ-5D-5L scores were statistically 
superior at 6 weeks after randomisation in favour of early 
weight-bearing strategy but this difference tapered off by 
12 months after randomisation (figure 3; appendix p 11). 
No significant interactions were found from prespecified 
subgroup analyses of age group, gender, or syndesmotic 
fixation (appendix pp 14–15). Complication profiles were 
similar in both groups over the 12-follow-up period 
(table 3), with 46 (16%) of 280 participants in the early 
weight-bearing group and 39 (14%) of 281 in the delayed 
weight-bearing group experiencing one or more 
complications (adjusted odds ratio 1·18; 95% CI 
0·80–1·75). In the early weight-bearing group, 
21 (8%) participants had a complication requiring further, 
unplanned surgery, compared with 16 (6%) participants in 
the delayed weight-bearing group (adjusted odds ratio 
1·33; 95% CI 0·71–2·49). In patients with syndesmosis 
screws, 11 (13%) of 86 in the early weight-bearing group 
and 7 (9%) of 81 in the delayed weight-bearing group had 
further unplanned surgery. Analysis of the WPAI found 
no statistically significant differences in the mean number 
of work hours lost at 6 weeks, 4 months, or 12 months 
between the groups. A full report of the WPAI responses is 
in the appendix (pp 12–14). Over the 12 months from 
randomisation, the median number of physiotherapy 
sessions attended was 4·5 in the early and delayed weight-
bearing group and 8 sessions in the delayed weight-bearing 
group (appendix p 14).

The mean costs from the NHS and PSS perspective in 
the early and delayed weight-bearing groups over 
a 12-month horizon were £725 and £785, respectively 
(mean difference –£60 [95% CI –342 to 232]). Additionally, 
the early weight-bearing strategy was associated with a 
reduction in work losses (valued in economic terms) 
compared with delayed weight-bearing. Hence, from the 
societal perspective, the mean cost was £2175 for the 
early weight-bearing group and £2897 in the delayed 
weight-bearing group, resulting in a mean cost difference 
of –£722 (95% CI –1921 to 227).

Results from the base-case analysis indicated that early 
weight-bearing following ankle fracture surgery resulted 
in QALY gains (mean adjusted QALY difference 0·031 

Figure 2: Primary analysis forest plot
A non-inferiority margin of –6 points was considered. OMAS=Olerud Molander Ankle Score. 

Per-protocol

Intention-to-treat

Per-protocol (ANCOVA)

Complier average causal effect analysis

4·47 (0·58–8·37)

4·42 (0·53–8·32)

4·80 (0·78–8·81)

6·35 (2·46–10·24)

Adjusted mean difference 
in OMAS (95% CI)

Favours delayed weight-bearing Favours early weight-bearing 

–6 –4 –2 0
Adjusted mean difference
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[95% CI –0·005 to 0·063]) compared with delayed 
weight-bearing over a 12-month period (table 4). The 
incremental cost-effectiveness ratio for the base-case 
analysis showed that early weight-bearing was the 
dominant rehabilitation strategy, generating both lower 
costs and higher QALYs, on average, over the follow-up 
period (figure 4).

The probability of cost-effectiveness of early weight-
bearing was 84%, at a cost-effectiveness threshold 
of £20 000 per QALY gained. The results remained robust 
in sensitivity analyses, including analyses restricted to 
complete cases and analyses that considered costs from a 
societal perspective. A breakdown of costs and health-
related quality-of-life outcomes and results of additional 
analyses, including subgroup analyses, are in the 
appendix (pp 19–20).

Discussion
This multicentre randomised controlled trial found that 
a rehabilitation strategy of giving early weight-bearing 
instructions to adults was non-inferior to delayed 
weight-bearing after ankle fracture surgery. There was a 
statistically significant difference in the OMAS at 
6 weeks and 4 months after randomisation favouring the 
early weight-bearing strategy, although this was below 
the minimal clinically important difference for 
the OMAS. Health-related quality of life followed 
a similar trajectory, initially favouring the early weight-
bearing strategy but attenuating at 12 months. 
Complications, including those requiring an unplanned 
surgery, were similar between groups. Additionally, early 
weight-bearing instructions following ankle fracture 
surgery is highly likely to be cost-effective compared 

with delayed weight-bearing instructions. Early 
weight-bearing dominated delayed weight-bearing, 
reducing NHS and PSS costs by £60 per person on 
average in the first year after randomisation and yielding 
improved health-related quality-of-life outcomes. This 
difference widened to £722 in favour of early weight-
bearing when considering productivity losses from 
a societal perspective, supporting the significance of 
indirect costs highlighted by Noback and colleagues.29

Our results are concordant with the findings from 
a 2012 Cochrane review, which suggested that early 
weight-bearing appeared to be a safe strategy after ankle 
fracture surgery, although with low certainty, due to the 
quality of included studies.7 Randomised controlled trials 
published since the Cochrane review suggested that early 
weight-bearing is associated with improved functional 
outcomes in the early postoperative phase, albeit with low 
precision and certainty.9–12 Despite this, delayed weight-
bearing has remained the standard of care, with a 
2014 survey finding that USA surgeons recommend an 
average of 5–8 weeks of non-weight-bearing 
postoperatively.30 Furthermore, a 201731 and 2019–2132 
UK prospective service evaluation found that only 21% 
and 11% of patients, respectively, were prescribed an early 
weight-bearing strategy. This contrasts with other lower 
limb fractures in which an early-weight-bearing strategy 
is more common, with 96% of patients permitted to 
weight-bearing immediately postoperatively after surgery 
for a hip fracture.32 The reluctance among surgeons to 
adopt early weight-bearing might be attributed to the 
limitations of the Cochrane review, which included 
studies from restricted populations at high risk of bias 
and pooled data from trials of disparate immobilisation 

Early weight-bearing group Delayed weight-bearing group Mixed-effects model ANCOVA

Adjusted mean difference 
(95% CI)*

p value Adjusted mean difference 
(95% CI)† 

p value

Per-protocol

Baseline 96·2 (11·0), 100·0 (100·0 to 100·0), n=284 97·2 (9·3), 100·0 (100·0 to 100·0), n=277 ·· ·· ·· ··

6 weeks 47·3 (21·3), 45·0 (35·0 to 65·0), n=239 38·7 (22·1), 35·0 (20·0 to 50·0), n=231 8·51 (4·72 to 12·30) <0·0001 8·73 (4·80 to 12·66) <0·0001

4 months 65·9 (22·2), 70·0 (50·0 to 85·0), n=246 61·2 (22·8), 62·5 (45·0 to 80·0), n=234 4·47 (0·58 to 8·37) 0·024 4·80 (0·78 to 8·81) 0·019

12 months 76·5 (21·3), 80·0 (65·0 to 95·0), n=233 72·4 (23·5), 75·0 (60·0 to 90·0), n=228 3·73 (–0·18 to 7·64) 0·062 4·15 (0·15 to 8·15) 0·042

Intention-to-treat

Baseline 96·2 (11·1), 100·0 (100·0 to 100·0), n=280 97·2 (9·2), 100·0 (100·0 to 100·0), n=281 ·· ·· ·· ··

6 weeks 47·0 (21·3), 45·0 (35·0 to 65·0), n=236 39·1 (22·2), 40·0 (20·0 to 55·0), n=234 7·82 (4·02 to 11·62) <0·0001 8·01 (4·06 to 11·95) <0·0001

4 months 65·9 (22·1), 70·0 (50·0 to 85·0), n=243 61·2 (22·9), 65·0 (45·0 to 80·0), n=237 4·42 (0·53 to 8·32) 0·026 4·78 (0·76 to 8·79) 0·020

12 months 76·5 (21·3), 0·0 (65·0 to 95·0), n=230 72·5 (23·5), 75·0 (60·0 to 90·0), n=231 3·64 (–0·26 to 7·55) 0·068 4·09 (0·09 to 8·09) 0·045

Complier average causal effect analysis

Baseline 96·4 (10·6), 100·0 (100·0 to 100·0), n=386 97·5 (9·2), 100·0 (100·0 to 100·0), n=175 ·· ·· ·· ··

6 weeks 47·6 (21·9), 45·0 (35·0 to 65·0), n=304 34·8 (20·1), 35·0 (20·0 to 50·0), n=166 11·23 (6·90 to 15·55) <0·0001 11·50 (4·99 to 18·01) 0·0004

4 months 65·8 (21·9), 70·0 (50·0 to 85·0), n=317 59·3 (23·3), 60·0 (45·0 to 80·0),n=163 6·35 (2·46 to 10·24) 0·0014 6·86 (1·01 to 12·71) 0·018

12 months 75·7 (22·4), 80·0 (65·0 to 95·0), n=301 72·2 (22·6), 75·0 (55·0 to 90·0), n=160 5·23 (0·85 to 9·61) 0·019 5·88 (–0·56 to 12·31) 0·066

Data are mean (SD) or median (IQR), unless otherwise stated. OMAS=Olerud and Molander Ankle Score. *Mixed-effects linear regression model adjusting for age as continuous, gender, and baseline OMAS as 
fixed effects with random effects for site. †Analysis of covariance, adjusting for baseline OMAS scores only. 

Table 2: Comparison of OMAS between treatment groups (primary outcome at 4 months)
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and weight-bearing protocols.7 This is in addition to the 
historically high complication risks and the minor 
increase in superficial infections and wound healing 
issues reported in the studies.2,33,34

The WAX trial reported on more than double the 
number of participants than any other previous trial. 
Additionally, previous trials focused on younger, fitter 
patients with simpler fractures, excluding patients with 
open fractures, syndesmotic injuries, patients with poor 
bone quality, or those over the age of 65 years, making 
their results hard to generalise.9–12 The comparative 
strengths of the WAX trial include the pragmatic 
multicentre nature of the trial, with broad inclusion 
criteria reflecting the patients treated in UK hospitals. 
Additionally, the standardisation of rehabilitation advice 
and documented adherence assessment were absent 
from other recent studies.

Despite the broad inclusion criteria, of the 2218 patients 
screened, 1423 (64%) were considered ineligible, of which 
938 (66%) were due to a lack of surgeon equipoise, with 
the surgeon prescribing delayed weight-bearing 
instructions. The reason for exclusion was most 
commonly due to concerns regarding fixation stability, 
which could affect generalisability of the results, but is 
reflective of the pragmatic nature of the study. 
Nevertheless, of the 561 patients randomly assigned, 
159 (28%) were aged 60 years or older, 138 (25%) had 
sustained trimalleolar fractures, and 167 (30%) underwent 
syndesmotic fixation, reflecting typical operatively treated 

Figure 3: OMAS, EQ-5D-5L utility, and VAS scores, with 95% CIs from baseline 
to 12 months after randomisation
EQ-5D-5L=EuroQol 5-dimensions-5-levels. VAS=Visual Analogue Scale. 
OMAS= Olerud and Molander Ankle Score.
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Treatment Early weight-
bearing group 
(n=280)

Delayed weight-
bearing group 
(n=281)

Total 
(n=561)

Prominent implant or 
metal work irritation

15 13 28

Surgical site infection 15 12 27

Wound dehiscence 7 5 12

Nerve palsy 3 4 7

Failed fixation 4 1 5

Complex regional pain 
syndrome

0 4 4

Refracture of same ankle 2 1 3

Deep vein thrombosis 1 1 2

Wound infection 2 0 2

Ankle metal work or 
implant breakage

1 0 1

Fall 0 1 1

Malunion 1 0 1

Non-union 0 1 1

Symptomatic pulmonary 
embolus

1 0 1

Vascular injury 1 0 1

All complications 53 43 96

Participants could have more than one complication. 

Table 3: Summary of complications from baseline to 12 months by 
treatment group
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populations, albeit with a slightly lower median age of 
50 years compared with those aged 50–52 years 
in epidemiological studies.31,35 Other limitations include 
the 14% attrition in the primary outcome and the 
incomplete fidelity recording responses, although 
this is similar to recent multicentre trials in the 
same population11,36 and is reflective of challenges in trials 
involving trauma patients.37 Furthermore, the 
1-year follow-up period in this study might not capture 
the long-term development of ankle arthritis. However, 
the presence of radiographic ankle arthritis has been 
shown to have little correlation with symptoms, with 
functional levels continuing to improve a decade after 
surgery when compared with those observed 1 year after.38 
Another limitation is that 91 (32%) of 281 patients in the 
delayed weight-bearing group did not adhere to 
instructions for the duration of their treatment and self-
reported commencing weight-bearing within 3 weeks of 
allocation. However, it should be noted that this study 
compared rehabilitation instructions, rather than patient 
behaviour, as the giving of the instructions is the only 
intervention the clinician can alter. Notably, the results 
from the CACE analysis supported the primary analysis, 
reinforcing the recommendation for early weight-bearing.

The underlying mechanism for the advantage 
gained from early weight-bearing is most likely tied 
to the recognised issues associated with immobility, 
encompassing stiffness and muscle atrophy, which tends 
to recover more slowly than it is lost.39 Taken alongside 
other contemporary studies, the outcomes of the 
WAX trial imply that early weight-bearing and ankle 
movement expedite the restoration of baseline function 
following ankle fracture surgery.7,36 Nevertheless, the risk 
of complications and the need for further surgery in the 
ankle fracture population is not insignificant and future 
research should focus on the prediction and early 
identification of those at risk of complications.

In conclusion, this trial finds that an early weight-
bearing strategy is non-inferior to delayed weight-bearing 
after ankle fracture surgery and is highly likely to be cost-
effective. This should provide clinicians around the world 
the confidence to recommend early weight-bearing to 
their patients after ankle fracture surgery.

Cost difference 
(95% CI)

QALY difference 
(95% CI)

Incremental cost-
effectiveness ratio

Mean and 95% CI net monetary benefit at Probability of cost-effectiveness at

£15 000 per 
QALY threshold

£20 000 per 
QALY threshold

£30 000 per 
QALY threshold

£15 000 per 
QALY threshold

£20 000 per 
QALY threshold

£30 000 per 
QALY threshold

Base case multiple 
imputation

–£90 
(–535 to 355)

0·0293 
(–0·0259 to 0·0846)

Dominant 543 
(–490 to 1576)

687 
(–603 to 1977)

975 
(–847 to 2798)

0·840 0·843 0·856

Complete case 
analysis

–£88 
(–326 to 150)

0·0227 
(–0·0058 to 0·0513)

Dominant 444 
(–89 to 977)

556 
(–109 to 1221)

781 
(–157 to 1719)

0·948 0·950 0·948

Societal 
perspective

–£742 
(–2986 to 1502)

0·0293 
(–0·0283 to 0·0868)

Dominant 1194 
(–1526 to 3913)

1337 
(–1573 to 4248)

1625 
(–1709 to 4959)

0·800 0·810 0·834

Dominant refers to a treatment strategy that is both less costly and more effective than its comparator. QALY=quality-adjusted life-year.

Table 4: Cost-effectiveness results

Figure 4: Cost-effectiveness plane and cost-effectiveness acceptability curve
QALY=quality-adjusted life-year.
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