
RESEARCH

Effect of accelerated rehabilitation on function after ankle
sprain: randomised controlled trial

Chris M Bleakley, research associate,1 Seán R O’Connor, research assistant,1 Mark A Tully, research fellow,2

Laurence G Rocke, consultant in emergency medicine,3 Domhnall C MacAuley, visiting professor of health
sciences,1 Ian Bradbury, assistant director of statistics,4 Stephen Keegan, statistician,4 Suzanne M
McDonough, professor of health and rehabilitation sciences1

ABSTRACT

Objective To compare an accelerated intervention

incorporating early therapeutic exercise after acute ankle

sprains with a standard protection, rest, ice,

compression, and elevation intervention.

Design Randomised controlled trial with blinded outcome

assessor.

Setting Accident and emergency department and

university based sports injury clinic.

Participants 101 patients with an acute grade 1 or 2 ankle

sprain.

Interventions Participants were randomised to an

accelerated intervention with early therapeutic exercise

(exercise group) or a standard protection, rest, ice,

compression, and elevation intervention (standard

group).

Main outcome measures The primary outcome was

subjective ankle function (lower extremity functional

scale). Secondary outcomes were pain at rest and on

activity, swelling, and physical activity at baseline and at

one, two, three, and four weeks after injury. Ankle

function and rate of reinjury were assessed at 16 weeks.

Results An overall treatment effect was in favour of the

exercise group (P=0.0077); this was significant at both
week 1 (baseline adjusted difference in treatment 5.28,

98.75% confidence interval 0.31 to 10.26; P=0.008) and
week 2 (4.92, 0.27 to 9.57; P=0.0083). Activity level was
significantly higher in the exercise group as measured by

time spent walking (1.2 hours, 95% confidence interval

0.9 to 1.4 v 1.6, 1.3 to 1.9), step count (5621 steps, 95%

confidence interval 4399 to 6843 v 7886, 6357 to 9416),

and time spent in light intensity activity (53minutes, 95%

confidence interval 44 to 60 v 76, 58 to 95). The groups

did not differ at any other time point for pain at rest, pain

on activity, or swelling. The reinjury rate was 4% (two in

each group).

Conclusion An accelerated exercise protocol during the

first week after ankle sprain improved ankle function; the

group receiving this intervention was more active during

that week than the group receiving standard care.

Trial registration Current Controlled Trials

ISRCTN13903946.

INTRODUCTION

Ankle sprains are one of the most common musculo-
skeletal injuries. An estimated 5000 new cases occur
each day in the United Kingdom,1 with about
302 000 annual admissions to accident and emergency
departments.2 In the acute phase, ankle sprains are
associatedwith pain and loss of function, and one quar-
ter of injured people are unable to attend school or
work for more than seven days1; long term risks
include reinjury or residual problems.3-5 In a recent
systematic review,6 the proportion of patients with
full recovery in three years ranged from just 36% to
85%. The annual cost associated with ankle sprains in
the Netherlands alone is estimated at around €84m
(£73m; $113m).7

The optimal treatment for ankle sprains remains
uncertain. Protection, rest, ice, compression, and ele-
vation, synonymous with management of acute soft
tissue injury, suggests a passive approach to treatment.
Many accident and emergency departments favour
non-weight bearing using crutches, with others favour-
ing rest and immobilisation with a cast, for up to two
weeks.8-11

Animal models12-14 describe a range of biochemical
and physiological mechanisms that support the use of
early active mobilisation after soft tissue injury. Meta-
analyses also conclude that functional treatments may
be the most effective approach,15-18 using early mobili-
sation andweight bearing, with adjunct treatments that
include external supports, compression bandages, ice
(cryotherapy), non-steroidal anti-inflammatory drugs,
and therapeutic exercise.6 19 The purpose of rehabilita-
tion exercise is to improve muscle strength, range of
movement, and sensorimotor control, which are com-
monly impaired after ankle sprain.20-23 We compared
an accelerated protocol for functional rehabilitation
with the current best treatment for improving recovery
from ankle sprain.

METHODS

We carried out a randomised controlled trial following
the published protocol.24 Patients aged 16-65 years
attending an accident and emergency department
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(RoyalVictoriaHospital, Belfast) or sports injury clinic
(University of Ulster) were included if they had an
acute (<7 days) grade 1 or 2 ankle sprain. Two
researchers (CMB, SRO’C) excluded patients if they
had a complete (grade 3) rupture of the ankle ligament
(mechanical instability diagnosed by a positive ante-
rior drawer or inversion stress test),25 had a bony
ankle injury (indicated by Ottawa ankle rules26 or
plain x ray films), had multiple injuries (for example,
other joint injury or fracture), had a contraindication to
cryotherapy, were non-English speaking, were under
the influence of drugs or alcohol, or had an insufficient
address for follow-up. Participants signed a letter of
informed consent.

Treatment (baseline to week 1)

Both groups received written advice on applying ice and
compression. Such treatment followed a standard inter-
mittent protocol27 and consisted of two 10 minute appli-
cations of ice and compression interspersed with
10 minutes of rest (repeated three times daily for one
week). Inweek 1 the exercise groupundertook therapeu-
tic exercises adapted from a standard protocol (see web
extra).28 The group received standardised verbal and
written instructions and a DVD showing the exercises.
To monitor compliance with treatment and analge-

sic use participants completed a treatment diary, which
was returned to the research physiotherapists (SRO’C,
CMB) at the first follow-up (week 1). External ankle
support (including forms of taping, bracing, and ban-
daging) or analgesics were not routinely provided.

Standardised treatment (weeks 1-4)

Treatment was standardised in both groups from
weeks 1-4 and consisted of ankle rehabilitation exer-
cises focusing on muscle strengthening, neuromuscu-
lar training, and sports specific functional exercises.
The participants undertook these exercises for
30 minutes each week, once under supervision from
the research physiotherapist and four times as a home
based treatment.

Outcome measurements

A researcher (MAT) blinded to the intervention group
recorded outcomes at weeks 1-4.
The primary outcomemeasure was subjective ankle

function, assessed using the lower extremity functional
scale.29 This scale is a self completed questionnaire
comprising 20 functional leg activities, each scored
on a five point scale (0 impossible, 4 no difficulty), giv-
ing a maximum score of 80. The secondary outcome
measures included pain at rest and with activity,
assessed using a 10 cm visual analogue scale30; swel-
ling, using a modified version of the figure of eight
method31; and physical activity, using a professional
physical activity logger (activPAL; PAL technologies,
Glasgow).32 The sports ankle rating score33 was com-
pleted at baseline and on completion of the study. This
scale includes an objective assessment of gait, joint
range of movement, strength, mechanical stability,

postural stability, and a functional, single leg hop test.
Self reported function was also assessed using the
Karlsson score34 at baseline, on completion of the
study, and at the 16 week follow-up. Reinjury rates
were recorded during follow-up assessments at weeks
1-4 and at week 16 ( see web extra for details of out-
come measures).

Statistical analysis

We determined sample size35 on the basis of our pre-
vious work.27 We estimated that there would be a 10%
attrition rate and thus aimed to recruit 60 participants
in each group (assuming 80% power and an α of 0.05),
using a clinically important change of 9 points in the
primary outcome measure, with a standard deviation
of 16.29 We used a computer generated randomisation
sequence to randomise participants. Group allocation
was printed on a card (group 1 for standard care group,
group 2 for exercise group), and placed in sequentially
numbered opaque envelopeswith carbonpaper on top
(SMcD). Randomisation was stratified according to
athletic or non-athletic background. For each stratum
we produced separate block randomisation sequences
using an allocation ratio of 1:1 and a block size of 4.
After written consent had been obtained and baseline
assessment, SRO’C and CMB randomised partici-
pants to one of the two groups from the numbered
envelopes.
A constrained (as the trial is randomised we con-

strained the baseline means to equality) linear mixed
model analysis36 was undertaken based on intention to
treat, using response variables of lower extremity func-
tional scale score, pain at rest, pain on activity, and
swelling, and covariates of treatment type (standard
or exercise), time, and athletic background (athletic
or non-athletic). We calculated the difference between
treatments (adjusted for baseline values) along with
98.75 confidence intervals at each time point (weeks
1-4). The level of significance was set at a Bonferroni
corrected level of 0.0125 (0.05/4).
We also assessedmissingdata by repeating the linear

mixed model analyses with imputation using last
observation carried forward. We also compared drop-
outs with non-dropouts for baseline scores, scores at
theweek precedingdropout from the trial (lower extre-
mity functional scale, pain at rest, pain on activity, and
swelling), and the change in score between baseline
and week 1 (lower extremity functional scale only).

RESULTS

Between July 2007 andAugust 2008, 212 patients were
assessed for eligibility. In total, 101 met the inclusion
criteria and were randomised to either the standard
group (n=51) or the exercise group (n=50). One parti-
cipant in the standard group did not receive the inter-
vention as allocated. Fifteen participants dropped out
during the trial. Figure 1 summarises the recruitment,
randomisation, and follow-up.37 Table 1 summarises
the baseline personal and prognostic characteristics of
the participants and table 2 the primary and secondary
outcomes.
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Function, pain, and swelling

Figure 2 highlights the mean (95% confidence inter-
vals) functional scores from baseline to week 4. On
average, participants in the exercise group did better
at each time point for function, and the overall treat-
ment effect was in favour of the exercise group
(P=0.0077; fig 3). A significant effect was in favour of
the exercise group at both week 1 (baseline adjusted
difference in treatment 5.28, 0.31 to 10.26; P=0.008)
and week 2 (4.92, 0.27 to 9.57; P=0.0083; fig 3). No
overall treatment effect was observed for pain at rest
(P=0.1558), pain with activity (P=0.3514; fig 4), or
swelling (P=0.6478).

An analysis after imputation (last observation car-
ried forward) concurred with the main intention to
treat analysis. Dropouts (n=15) and non-dropouts
(n=85) had similar baseline scores (P=0.61), change in
scores on the lower extremity functional scale between
baseline andweek 1 (P=0.095), and scores recorded the
week preceding dropout.

Physical activity (week 1 after injury)

Data on physical activity were available for the first
week after injury in 34 participants (16 standard
group, 18 exercise group) who were provided with an
activitymonitor. The exercise groupwere significantly
more active, as measured by time spent walking
(P=0.029; table 3), the average number of steps taken
daily (P=0.021; table 3), and the time spent in light
intensity activities (P=0.047; table 3).

Adverse events

During the first four weeks of follow-up no incidences
of skin burns or nerve palsies were recorded and no
reinjuries reported.

16 week follow-up

Both groups recordedhighKarlsson scores at 16weeks
(standard: mean 98.4 (SD 2.81); exercise: mean 97.31
(SD 4.89)), with no differences between groups. Four
reinjuries were reported (two in each group).

DISCUSSION

This randomised controlled trial showed that an accel-
erated functional treatment, incorporating therapeutic
exercises during the first week after ankle sprain, pro-
duced significant improvements to short term ankle
function compared with standard treatment. The exer-
cise group had greater weightbearing mobilisation at
one week. Both groups had good ankle function at the
16 week follow-up, with just four reinjuries.

Functional treatment of ankle sprain

Ankle sprains are often regarded as minor injuries but
they cause short term immobility and loss of function,
with a risk of long term problems and reinjury. Anec-
dote based treatmentmay be one reason for poor prog-
nosis. The first clinical question in the early

Allocated to exercise group (n=50):
  Received allocated intervention (n=50)

Allocated to standard group (n=51):
  Received allocated intervention (n=50)
  Did not receive intervention (n=1)*

Assessed for eligibility (n=212)

Randomised (n=101)

Follow-up
Week 1 (n=44) 
Week 16 (n=46)

Follow-up
Week 1 (n=49) 
Week 16 (n=45)

Analysis
39 in main analysis (weeks 1-4)
(11 excluded, lost to follow-up)

Analysis
46 in main analysis (weeks 1-4)
(4 excluded, lost to follow-up)

Excluded (n=111):
  Not meeting inclusion criteria (n=48)
  Refused to participate (n=63)
  Other reasons (n=0)

Fig 1 | Flow of participants through trial. *Excluded after randomisation (not included in main

analysis)

Table 1 | Baseline comparison of personal and prognostic factors. Values are means (standard

deviations) unless stated otherwise

Characteristics
Standard group

(n=51)
Exercise group

(n=50)

Age (years) 26.6 (7.5) 25.3 (8.3)

Height (cm) 176.1 (5.94) 174.6 (6.27)

Body weight (kg) 78.6 (7.94) 77.8 (8.21)

No of men/women 34/17 35/15

No athletic/non-athletic 31/20 31/19

No with/without previous ankle injury 20/31 23/27

No with/without chronic ankle instability38 6/45 9/41

Limb dominance (left/right) 10/41 18/32

Injured limb (left/right) 28/23 31/19

Time since injury (hours) 57.3 (29.8) 49.7 (32.5)

Mechanism of injury (inversion/eversion/from landing/unknown) 41/1/7/2 37/3/4/6

Cause (sport/work/other) 34/12/5 34/5/11

Grade (1 or 2) 18/33 11/39

Baseline lower extremity functional scale score29 35.8 (17.38) 36.2 (19.04)

Baseline SARS score (objective) (0-60) 31.7 (13.22) 29.5 (15.3)

SARS=sports ankle rating instability.33

*Self reported measure of function using pain, instability, swelling, stiffness, functional activity, and need for

support.34
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Fig 2 | Mean lower extremity functional scale scores from

baseline to week 4. Whiskers are 95% confidence intervals
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management of ankle sprain is whether to mobilise or
not. Recent surveys of accident and emergency depart-
ments show a range of strategies, from discharge with
immediate weight bearing to immobilisation with a
cast and non-weight bearing.8-11 Systematic reviews
support functional treatment, compared with surgery
or immobilisation, particularly for mild to moderate
sprains.15 18 Clinically, however, functional treatment
hasmanyvariations, but fewarebasedon clinical trials.
External supports such as elastic bandaging, taping,
and semirigid braces are often used to facilitate early
controlled mobilisation and weight bearing. But both
the clinical and the cost effectiveness of elastic tubigrip
bandaging is questioned.39 One systematic review
found preliminary evidence that lace-up supports

may be the most effective form of external support,
although few definite conclusions were reached.16

Rehabilitation exercise

Various rehabilitation exercises are used as an adjunct
to functional treatment, much of which is based on
Freeman’s40 concept that joint injury can result in pro-
prioceptive deficits that hinder functional recovery,
and risk longer term ankle instability. Contemporary
research shows that ankle trauma results in alterations
to joint positional sense,41 balance,20 muscle
activation,23 kinematics,21 and neuromuscular
patterns.22 A recent systematic review found only two
small, randomised controlled studies of ankle rehabili-
tation together with functional treatment for acute
ankle sprain.42 43 They found evidence that wobble
board training42 and a strength and balance training
programme43 initiated in the first week after sprain,
decreased pain and reinjury compared with control
groups given advice on ice, compression, and eleva-
tion. These studies had a different intervention and
outcome measurement to our trial, and both studies
had methodological limitations, including lack of allo-
cation concealment, assessor blinding, intention to
treat, and a high dropout rate. In our current study
we used an exercise group that initiated rehabilitation
exercises during the first week of injury. The exercises
were prescribed for 20 minutes, three times a day, and
focused on increasing ankle range of movement, acti-
vation and strengthening of ankle musculature, and
restoring normal sensorimotor control. The treatment
was successful, with no adverse side effects, and
resulted in significantly higher levels of short term sub-
jective function and increasedweightbearingmobilisa-
tion. This may provide further guidance for clinicians
when considering the optimal dosage and nature of
exercise prescription after acute ankle injury.
Early return to normal lower limb function is a key

objective of functional treatment.Our findingsprovide
evidence that rehabilitation exercises are an effective
adjunct to functional treatment of ankle sprains. There
are several possible reasons for their effectiveness.
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Table 2 | Summary of primary and secondary outcomes. Values are means (standard

deviations; 95% confidence intervals) unless stated otherwise

Variables Standard group (n=51) Exercise group (n=50)

Baseline:

Lower extremity functional scale score (0-80) 35.8 (17.38; 30.8 to
40.7)

36.2 (19.04; 30.8 to
41.6)

Pain at rest (0-100) 25.8(23.3;19.3to32.4) 22.7 (22.87; 16.2 to
29.2)

Pain on activity (0-100) 54.0 (24.06; 47.2 to
60.9)

57.5 (25.11; 50.4 to
64.7)

Swelling (cm) 1.9 (1.86; 1.3 to 2.5) 2.0 (1.9; 1.4 to 2.6)

Sports ankle rating system (objective) (0-60) 31.7 (13.22; 0 to 54) 29.5 (15.3; 2 to 54)

Karlsson score* (0-100) 50.31 (19.6; 15 to 95) 45.48 (21.8; 0 to 85)

Adherence:

Self reported adherence week 1 (%)† 77.9 (14.4; 42 to 100) 67.8 (16.2; 42 to 100)

Follow-up

Week 1:

Lower extremity functional scale 52.1(14.7;47.8to56.3) 57.9 (14.4; 53.5 to 62.3)

Pain at rest 10.3 (13.0; 6.5 to 14.0) 6.2 (7.85; 3.8 to 8.6)

Pain on activity 33.5(19.9;27.8to39.3) 28.9 (23.5; 21.8 to 36.1)

Swelling 1.0 (1.5; 0.5 to 1.5) 1.0 (1.3; 0.5 to 1.4)

Week 2:

Lower extremity functional scale 61.8(13.3;57.7to65.9) 68.6 (8.8; 65.8 to 71.4)

Pain at rest 5.9 (11.0; 2.5 to 9.3) 3.6 (5.8; 1.7 to 5.5)

Pain on activity 18.7(14.4;14.2to23.1) 20.1 (20.1; 13.6 to 26.6)

Swelling 0.6 (0.8; 0.3 to 0.9) 0.7 (1.0; 0.2 to 1.1)

Week 3:

Lower extremity functional scale 69.1(10.4;65.9to72.4) 71.5 (8.6; 68.6 to 74.5)

Pain at rest 3.1 (5.8; 1.3 to 5.0) 2 (4.1; 0.5 to 3.4)

Pain on activity 11.9 (11.2; 8.4 to 15.5) 12.3 (15.4; 7.0 to 17.6)

Swelling 1.0 (0.9; 0.6 to 1.4) 0.8 (0.7; 0.4 to 1.1)

Week 4:

Lower extremity functional scale 71.9 (8.0; 69.4 to 74.3) 74.9 (7.0; 72.4 to 77.5)

Pain at rest 1.7 (3.2; 0.8 to 2.7) 1.9 (6.44; −0.5 to 4.3)

Pain on activity 8.9 (12.8; 4.9 to 12.8) 9.5 (15.4; 3.9 to 15.2)

Swelling 0.7 (1.3; 0.1 to 1.2) 0.4 (1.0; −0.1 to 0.9)

Mean (SD) sports ankle rating system (objective) (0-60) 58.8 (2.6) 56.9 (2.7)

Mean (SD) Karlsson score (0-100) 95.2 (4.4) 90.4 (5.1)

Week 16

Mean (SD) Karlsson score* (0-100) 98.4 (2.81) 97.3 (4.89)

Total No of reinjuries 2 2

*Self reported measure of function using pain, instability, swelling, stiffness, functional activity, and need for

support.

†100% compliance=three treatments per day for first week.
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After a traumatic sprain injury, ankle function can be
hindered by pain and swelling. Indeed, it is well docu-
mented that a painful, distended joint can cause a reflex
inhibition of the surrounding ankle musculature,
known as arthrogenic muscle inhibition. Arthrogenic
muscle inhibition has been observed in acutely injured
ankles23 and knees44 and even in patients with chronic
ankle problems.45 In the acute phases of injury, arthro-
genic muscle inhibition has a clear influence on neuro-
muscular activation patterns,46 muscle strength,47 and
balance,48 and subsequently a patient’s ability to fully
mobilise and weight bear. The main aim of initiating
the exercise intervention during the acute phases of
injury was to initiate early (re)activation of ankle mus-
culature and functional movement patterns. This
approach had a direct impact on functional status in
our study; however, future work is required to confirm
the pathophysiological mechanism—for example,
decreased impact of arthrogenic muscle inhibition in
the early stages of injury.

Reinjury

A major concern with functional treatment of ankle
sprain is the risk of delaying soft tissue recovery, or
reinjury. Our exercise intervention during week 1 put
no adverse stress over the lateral joint structures and
aside from controlled circumduction movements, all
other exercises were in the saggital plane or used static
muscle activation. Four reinjuries occurred, all
between 12 and 16weeks after injury and during sport-
ing activity. Two reinjuries occurred in each group,
which is low compared with other studies, which had

rates as high as 34-42%.6 One reason for our low re-
injury rate might be that both groups had a standar-
dised, physiotherapy led, rehabilitation programme
from week 1 that included strengthening, stretching,
and neuromuscular training, and, if appropriate, sports
specific training between weeks 2 and 4 after injury.
Referral to physiotherapy is, however, not standard
practice within accident and emergency departments8

and may limit the generalisability of our reinjury fig-
ures.

Weightbearing mobilisation

To our knowledge this is the first trial to record objec-
tively weightbearing mobilisation after an acute soft
tissue injury of the ankle. All participants undertook
progressive weightbearing mobilisation during the
first week, withmost activity in the exercise group. Per-
haps, surprisingly, participants spent an average of
between 1.2 hours (standard group) and 1.6 hours
(exercise group) walking each day during the first
week after injury.Most of this walking was undertaken
at a light intensity. It is not clear how closely this relates
to the participants’ normal levels of physical activity
and walking, however, but these data help indicate
the levels of activity that can be safely achieved as
part of functional management of ankle sprains.
Early return to normal function has many clinical

and economic benefits. Few people seem to achieve
this goal, however, and an estimated 25% of those
with ankle sprain are absent from work or school for
more than one week,1 and 80% of the annual cost of
ankle sprain is due to time lost from work.7 Most
ankle injuries are managed at accident and emergency
departments, and treatment varies with many favour-
ing immobilisation for seven to 10 days.49 An earlier
return to workmight be expectedwith functional treat-
ment.We found thatmobility is safelymaintained after
mild and moderate ankle sprains.

Limitations of the study

Our study has some potential limitations. Althoughwe
did not achieve our target sample sizewewere still able
to show significant improvements in our primary out-
come. We did not, however, have sufficient power to
show a difference in the secondary outcomes and,
overall, the dropout rate was higher in the exercise
group. One participant from the standard group was
excluded after randomisation when follow-up radio-
graphy revealed a fracture.Owing to ethical considera-
tions this participant was excluded from the analysis.
As the participant did not actually start treatment, and
the reascertainment of eligibility was the same in both
treatment arms, we thought it unlikely that exclusion
would lead to bias.While our study showed benefits in
mild to moderate ankle sprains, further studies would
be required to show if this accelerated approach to
rehabilitation is safe and effective in more severe
ankle sprains. One study50 showed improved function
at six weeks with immobilisation, so early functional
intervention may not necessarily be appropriate for
more severe ankle injuries.

Table 3 | Time spent in activities during first week after ankle sprain. Values are means (95%

confidence intervals) unless stated otherwise

Variables Standard group (n=16) Exercise group (n=18) P value

Sitting (h/day) 19.8 (19 to 20.5) 18.3 (18.1 to 19.5) 0.06

Standing (h/day) 3.1 (2.5 to 3.6) 3.3 (2.9 to 3.8) 0.4

Walking (h/day) 1.2 (0.9 to 1.4) 1.6 (1.3 to 1.9) 0.029

Step count (No/day) 5621 (4399 to 6843) 7886 (6357 to 9416) 0.021

Activity level:

Light 53 (44 to 60) 76.2 (58 to 95) 0.047

Moderate 14.5 (8.4 to 20.5) 22.5 (14.6 to 30.4) 0.1

High 0.07 (0.02 to 0.12) 0.62 (0.14 to 1.1) 0.23
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Fig 4 | Mean values for pain with activity from baseline to

week 4. Whiskers are 95% confidence intervals
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Protection, rest, ice, compression, and elevation, the
most popular current approach, is based largely on
anecdotal evidence. The choice of mode, duration,
and combination of the modalities within this
approach are arbitrary, and many clinicians and
departments fail to provide specific recommendations.
Our study, with early controlled mobilisation and
weight bearing, challenges popular advice on protec-
tion and rest.

Conclusion

We found evidence that incorporating therapeutic
exercises during the first week after ankle sprain
resulted in significant improvements in short term
ankle function compared with a standard functional
intervention.We also found evidence that the exercise
group undertook significantly more weightbearing
mobilisation during the first week after injury. The
groups showed no other short or long termdifferences.
The 16 week follow-up showed that both groups had
high levels of ankle function, with just 4% of partici-
pants in each group having reinjury.
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