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Close Contact Casting vs Surgery for Initial Treatment
of Unstable Ankle Fractures in Older Adults
A Randomized Clinical Trial
Keith Willett, MB,BS, FRCS; David J. Keene, DPhil; Dipesh Mistry, PhD; Julian Nam, MSc; Elizabeth Tutton, PhD;
Robert Handley, FRCS; Lesley Morgan; Emma Roberts; Andrew Briggs, DPhil; Ranjit Lall, PhD; Timothy J. S. Chesser, FRCS;
Ian Pallister, FRCS; Sarah E. Lamb, DPhil; for the Ankle Injury Management (AIM) Trial Collaborators

IMPORTANCE Ankle fractures cause substantial morbidity in older persons. Surgical fixation is
the contemporary intervention but is associated with infection and other healing complications.

OBJECTIVE To determine whether initial fracture treatment with close contact casting, a
molded below-knee cast with minimal padding, offers outcome equivalent to that with
immediate surgery, with fewer complications and less health resource use.

DESIGN, SETTING, AND PARTICIPANTS This was a pragmatic, equivalence, randomized clinical
trial with blinded outcome assessors. A pilot study commenced in May 2004, followed by
multicenter recruitment from July 2010 to November 2013; follow-up was completed May
2014. Recruitment was from 24 UK major trauma centers and general hospitals. Participants
were 620 adults older than 60 years with acute, overtly unstable ankle fracture. Exclusions
were serious limb or concomitant disease or substantial cognitive impairment.

INTERVENTIONS Participants were randomly assigned to surgery (n = 309) or casting (n = 311).
Casts were applied in the operating room under general or spinal anesthesia by a trained surgeon.

MAIN OUTCOMES AND MEASURES The primary 6-month, per-protocol outcome was the
Olerud-Molander Ankle Score at 6 months (OMAS; range, 0-100; higher scores indicate
better outcomes and fewer symptoms), equivalence prespecified as ±6 points. Secondary
outcomes were quality of life, pain, ankle motion, mobility, complications, health resource
use, and patient satisfaction.

RESULTS Among 620 adults (mean age, 71 years; 460 [74%] women) who were randomized,
593 (96%) completed the study. Nearly all participants (579/620; 93%) received allocated
treatment; 52 of 275 (19%) who initially received casting later converted to surgery, which was
allowable in the casting treatment pathway to manage early loss of fracture reduction.
At 6 months, casting resulted in ankle function equivalent to that with surgery (OMAS score,
66.0 [95% CI, 63.6-68.5] for surgery vs 64.5 [95% CI, 61.8-67.2] for casting; mean difference,
–0.6 [95% CI, –3.9 to 2.6]; P for equivalence = .001). Infection and wound breakdown were
more common with surgery (29/298 [10%] vs 4/275 [1%]; odds ratio [OR], 7.3 [95% CI,
2.6-20.2]), as were additional operating room procedures (18/298 [6%] for surgery and 3/275
[1%] for casting; OR, 5.8 [95% CI, 1.8-18.7]). Radiologic malunion was more common in the
casting group (38/249 [15%] vs 8/274 [3%] for surgery; OR, 6.0 [95% CI, 2.8-12.9]).
Casting required less operating room time compared with surgery (mean difference
[minutes/participant], –54 [95% CI, –58 to –50]). There were no significant differences in other
secondary outcomes: quality of life, pain, ankle motion, mobility, and patient satisfaction.

CONCLUSIONS AND RELEVANCE Among older adults with unstable ankle fracture, the use of
close contact casting compared with surgery resulted in similar functional outcomes at
6 months. Close contact casting may be an appropriate treatment for such patients.

TRIAL REGISTRATION isrctn.com Identifier: ISRCTN04180738
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T he number of older adults sustaining ankle fractures is
increasing,1 and they experience disproportionately poor
outcomes.2 Ankle fractures cause loss of independence

and quality of life, incurring substantial health costs.3-5 Treat-
ment of unstable fractures is either surgical, using open reduc-
tion and internal fixation, or nonsurgical, using externally ap-
plied casts. Neither method yields an entirely satisfactory
outcome in older adults. Traditional casting techniques are as-
sociated with poor fracture alignment and healing, as well as
plaster sores.6 Surgery is often complicated by poor implant fixa-
tion, wound problems, and infection.7 A Cochrane review of sur-
gery vs casting for ankle fractures was unable to make recom-
mendations because of poor-quality studies.8

A modified casting technique has been developed, close
contact casting, which uses minimal padding compared with tra-
ditional casting and achieves fracture reduction by distribut-
ing contact pressure by close anatomic fit. The clinical strategy
of close contact casting was to use this as the first-line treat-
ment, recognizing that if reduction were not possible during the
procedure or could not be retained in the immediate postop-
erative phase (up to 3 weeks), the treatment protocol allowed
surgery. The intention of the Ankle Injury Management Trial was
to investigate in older adults with unstable ankle fractures
whether initial fracture management with close contact cast-
ing resulted in an outcome equivalent to that with immediate
surgery, with fewer complications and less resource use.

Methods
Study Design and Eligibility Criteria
This pragmatic, multicenter, equivalence randomized clini-
cal trial with blinded outcome assessors was conducted at 24
UK trauma centers and district general hospitals. Partici-
pants were adults older than 60 years presenting with acute
malleolar fracture(s) and an unstable ankle joint on the initial
radiograph who would normally be offered surgery. Patients
requiring stress radiographs to elicit talar instability were ex-
cluded. Patients were included if they were ambulatory be-
fore injury, able to provide informed consent and follow in-
structions, and lived near a recruiting hospital and could attend
the 6-month follow-up. Patients with critical limb ischemia,
insulin-dependent diabetes mellitus, active leg ulceration, open
fractures, serious concomitant disease (ie, terminal illness),
substantial ankle arthritis, or substantial cognitive impair-
ment (Mini-Mental State Examination score <16/30),9 or who
were unfit for anesthesia, were excluded. All participants pro-
vided written informed consent.

The study was approved by the National Research Ethics
Service Oxfordshire Committee. The trial protocol is avail-
able in Supplement 1.10 The trial was overseen by indepen-
dent steering and data and safety monitoring committees.

Randomization and Blinding
After providing consent and undergoing baseline assessments,
participants were individually randomized to receive surgery or
close contact casting (Figure) in a 1:1 allocation by hospital staff,
using a 24-hour telephone service at an independent organiza-

tion (Aberdeen University). Concealment was ensured by regis-
tering participants before computer generation of the allocation.
Randomization was stratified by center and fracture pattern
(infrasyndesmotic/trans-syndesmotic vs suprasyndesmotic) and
used random permuted blocks of lengths 2 and 4.

A blinded health professional performed outcome assess-
ments at the primary end point (6 months). Before assess-
ments, opaque ankle bandages were applied to obscure the
ankle. The James blinding index was used to assess success of
blinding (0 [total lack of blinding] to 1 [complete blinding]).11

The assessments at 6 weeks were not blinded because the as-
sessor needed knowledge of postoperative instructions for
weight bearing and movement. It was not possible to mask the
surgeons or participants because of the nature of the interven-
tions, nor was it possible to mask the radiograph assessors.

Interventions
Surgery was internal fixation conducted with internationally
recognized principles and techniques.12 Selection of
implants, postoperative splinting, immediate or delayed
weight bearing, and clinical follow-up were according to
usual local practice and the surgeon’s preference. The
close contact cast was applied in an operating room under
general or spinal anesthesia by an orthopedic surgeon imme-
diately after closed fracture reduction. Instructions were to
achieve joint congruence with no talar shift or tilt. The close
contact casting application was first a stockinette bandage
(BSN Medical GmbH) and then shaped, self-adhesive foam
pads (Fleecy Foam 5 mm; Hapla) placed over prominences
(tibial crest, fibular head, calcaneum, Achilles tendon, and
metatarsal heads) and medial and lateral sides of the ankle,
where molding pressure was applied to hold the fracture
reduction. The exact molding points for each participant
were at the surgeon’s discretion. Then 2 self-adhesive strips
were applied to the full length of the cast (Fleecy web roll
5 cm; Hapla) to prevent plaster saw injury during removal.
Finally, a single nonoverlapping synthetic wool layer (Soffban
Plus; BSN Medical GmbH), plaster of paris (Gypsona; BSN
Medical GmbH), and a reinforcing topcoat of synthetic cast-
ing material (Soft Cast Casting Tape; 3M Health Cate Ltd)
were applied below the knee. All surgeons who applied cast-
ing had completed a 1-hour training session, supplemented

Key Points
Question Does close contact casting (a molded below-knee cast
with minimal padding) compared with internal fixation surgery
result in an equivalent functional outcome for adults older than
60 years with an unstable ankle fracture?

Findings In this randomized equivalence clinical trial that included
620 adults from 24 hospitals, ankle function measures, which
included postfracture symptoms, quality of life, pain, ankle motion,
and mobility, were equivalent at 6 months in both groups. Infection
and wound breakdown were more common with surgery.

Meaning Close contact casting may be an appropriate alternative
treatment to surgery for older adult patients with unstable
ankle fracture.
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with a video (https://www.youtube.com/playlist?list=PL2Gg
_an4nwPfIUC9RQV54Y2lbD76HiWcV) or were supervised by a
surgeon who had completed training. Joint congruence was
monitored with radiographs in the weeks after initial close
contact cast application and after any reapplications for cast
loosening. Reapplications did not require anesthesia. The
protocol specified that if during clinical follow-up there was, in

the treating surgeon’s opinion, an unacceptable loss of fracture
position before clinical union, he or she could remanipulate and
reapply a cast in the outpatient clinic or operating room or
convert to surgery. Guidance was that the casting group should
touch or nonweight bear for 4 weeks and increase to full weight
bearing by 6 to 8 weeks from intervention at the surgeon’s
discretion and patient volition.

Figure. Trial Profile of Casting vs Surgery for Ankle Fracture in Older Adults

2015 Individuals assessed for eligibility

1344 Excluded
127 Did not meet inclusion criteriaa

27 Did not have isolated unstable
ankle fracture

16 Not ambulatory prior to injury
50 Not resident in catchment area

of recruiting hospital
37 Unable to attend 6-month follow-up

1217 Met exclusion criteria
106 Open fracture
68 Insulin-dependent diabetes
53 Unfit for anesthetic
20 Serious concomitant disease
12 Substantial ankle arthritis
11 Substantial cognitive impairment
10 Active leg ulceration
5 Critical leg ischemia

932 Other reasonsb

51 Declined to participate

620 Randomized

311 Randomized to receive casting
277 Received casting as randomized
34 Did not receive casting as

randomizedd

9 Fracture irreducible by
closed manipulation

5 Ankle too swollen
5 Withdrew prior to treatment
4 Unable to maintain or retain

reduction
15 Other reasons

29 Received alternative treatment
18 Surgery
11 Other type of cast

309 Randomized to receive surgery
302 Received surgery as randomized

7 Did not receive surgery as
randomizedc

3 Poor skin condition for surgery
2 Fracture blisters
4 Other reasons

7 Received alternative treatment
4 Study casting
3 Other type of cast

62 Received interventions per casting
treatment protocol due to loss of
fracture reduction
52 Received study surgery
10 Had casting reapplied in

operating room

16 Lost to follow-up at 6 monthse

8 Withdrew from studyf

5 Participant requested withdrawal
3 Treating surgeon withdrew patient

7 Died
1 No response

11 Lost to follow-up at 6 monthse

7 Withdrew from studyf

6 Participant requested withdrawal
1 Treating surgeon withdrew patient

3 Died
1 No response

267 Included in per-protocol analysis
at 6 months

44 Excluded from analysis
34 Did not receive randomized intervention
2 Withdrew from study
7 Died
1 No response

291 Included in per-protocol analysis
at 6 months

18 Excluded from analysis
7 Did not receive randomized intervention
7 Withdrew from study
3 Died
1 No response

a Three participants did not meet 2 of
the inclusion criteria.

b Prespecified exclusion criteria, as
defined in the trial protocol, are
listed in this figure. Other reasons
for exclusion are listed in eTable 1 in
Supplement 2.

c Two participants did not receive
their allocated treatment due to
having both poor skin and blisters.

d Four participants had 2 reasons for
not receiving their allocated
treatment.

e Number of participants reported is
cumulative. No response is defined
as those who did not attend clinic
assessment or respond to postal
questionnaire or telephone contact.

f Five of these participants withdrew
from the trial prior to receiving their
allocated intervention.
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The treatment protocol anticipated and allowed sce-
narios in which allocated treatment might have to be modi-
fied. Participants in the casting allocation could proceed to sur-
gery when reduction could not be achieved or held with close
contact casting in the operating room. Participants in the sur-
gical allocation could proceed to traditional casting or exter-
nal fixation when incision was considered unsafe, but not to
close contact casting. For both allocations, a temporary treat-
ment could be undertaken in the operating room (manipula-
tion and splinting or external fixation) until it was appropri-
ate to receive the allocated treatment. Each hospital followed
its own protocols for thromboprophylaxis, surgical antibiotic
prophylaxis, and rehabilitation.

Data Collection and Outcome Measures
Follow-up was at 6 weeks and 6 months after randomization,
using patient-reported questionnaires and performance tests
at a clinic visit. When participants could not attend the clinic,
questionnaires were collected by telephone or mail.

The primary outcome measure was the Olerud-Molander
Ankle Score (OMAS; scale 0-100, with higher scores indicating
better function), a measure of ankle fracture symptoms.13 Sec-
ondary outcomes were the 12-Item Short Form Health Survey
(SF-12 version 1)14 (scale 0-100, with higher scores indicating bet-
ter quality of life) and EuroQol 5 dimensions questionnaire, 3 lev-
els (EQ-5D-3L) (scale 0 [death] to 1 [perfect health]; negative
scores are reflective of a patient’s quality of life being worse than
death).15 Pain was estimated using relevant subscales of the
OMAS (rated 1-5, with 1 indicating “none” and 5 indicating
“constant and severe”) and EQ-5D (rated 1-3, with 1 indicating
“no pain or discomfort” and 3 indicating “extreme pain or dis-
comfort”). We also collected assessments of patient satisfac-
tion (rated 1-5, with 1 indicating “very dissatisfied” and 5 indi-
cating “very satisfied”) and health care resource use (operating
room time, surgical implants, casting, hospital stay, and
follow-up care). Patient-reported time to weight bearing was re-
corded. Ankle range of motion (plantar and dorsiflexion) was
measured with a standardized handheld goniometer.16 Mobil-
ity was measured at 6 months with the Timed Up and Go test
(walking distance, 8.6 m).17 Fracture nonunion and malunion at
6 months was assessed with anteroposterior or mortise and lat-
eral radiographs collected during the course of routine prac-
tice. Radiographs were analyzed at Oxford University by 2 ex-
perienced orthopedic surgeons (K.W. and R.H.). Assessors had
no access to clinical data or patient reports. Malunion was de-
fined as one or a combination of the following: talar sublux-
ation or shift (>2 mm), talar tilt (>2°), or diastasis (tibiofibular clear
space≥5mm).Nonunionwasassessedforlateralandmedialmal-
leoli. Absolute measures corrected for magnification were ob-
tained when there were Digital Imaging and Communications
in Medicine data, which included the majority of images.

Expected complications, harms, or additional surgery re-
lated to study treatments were recorded as adverse events, in-
cluding operative complications; wound, implant, and cast
complications; venous thromboembolism; and additional pro-
cedures, including implant removal. In addition, unexpected
adverse events were reported. Serious adverse events were de-
fined as any untoward medical occurrence that was both un-

expected and related to the study treatments, resulting in
death, life- or limb-threatening complication, and/or rehospi-
talization. Treatment relatedness was determined by sur-
geons at sites and confirmed by the chief investigator. We es-
timated costs of the procedures, including time in the operating
room, staff, facilities, implants, materials, and acute and com-
munity care costs linked to the admission. Additional health
resource use was captured in patient-reported question-
naires at 6 weeks and 6 months. A cost-effectiveness analysis
will be reported separately.

At baseline, we collected data on demographic and clinical
characteristics. Participants were asked to recall their status be-
fore fracture with questionnaires used during follow-up and to
complete the EQ-5D on the day of assessment. The ASEPSIS
wound score (Additional treatment, Serous discharge, Erythema,
Purulentexudate,Separationofthedeeptissues, Isolationofbac-
teria, duration of inpatient Stay)18 at 10 days after surgery, de-
scribed in the first version of the protocol, was not collected af-
ter an amendment approved by the ethics committee.

Statistical Analysis
The sample size of 620 provided 80% power to perform tests
of an equivalence margin of ±6 OMAS points, at α = .05 and al-
lowing 10% loss to follow-up. Estimates of the standard devia-
tion were confirmed from a single-site pilot phase (n = 95; SD
16.2 OMAS points in the operative group). The design was modi-
fied between pilot and full trial from a noninferiority design
using a binary end point to an equivalence design using a con-
tinuously scaled equivalence margin. This modification was not
based on analysis of data but was in response to guidance from
the independent funder, funder peer review, independent steer-
ing and data and safety monitoring committees, and advances
in accepted approaches to equivalence trial design.19 The choice
of equivalence margin was informed by a multidisciplinary ex-
pert panel and, in the absence of better evidence, a review of
minimum clinically important differences for similar scores. The
6-point margin was consistent with the minimum clinically im-
portant differences reported in a recent psychometric evalua-
tion of the OMAS, which also confirmed other psychometric
properties of the score sufficient for use as an outcome mea-
sure in ankle fracture trials.20 The participants from the pilot
phase were included in the final sample because the full trial
protocol was otherwise modified only by adding cost-
effectiveness outcomes. We performed a sensitivity analysis by
including a pilot membership term in the random-effects model
used for the primary analysis to assess whether including par-
ticipants from the pilot study introduced bias.

The primary analysis was per protocol,21 in which only the
data from patients who received their allocated treatment were
analyzed. If the allocated treatment was received but a sec-
ond intervention was required, provided this was a prespeci-
fied allowable event, these participants remained in the per-
protocol analysis. An intention-to-treat analysis including all
randomized participants was also conducted, aiming to dem-
onstrate equivalence with both approaches.22 The primary end
point was 6 months.

A statistical analysis plan was preapproved by the data and
safety monitoring committee. We used random-effects mod-
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els to estimate the mean difference and 95% CI between treat-
ments adjusted for age, sex, fracture pattern, and baseline
score. The center variable was included in this model as a ran-
dom effect to account for center differences. Categorical out-
comes were analyzed with logistic regression models to esti-
mate the odds ratio and 95% CI. When data were not normally
distributed, we used Hodges-Lehmann and Fisher exact tests
for continuous and categorical variables, respectively.

Only the primary analyses assessed equivalence, in which
the null hypothesis was that the 2 groups were not equiva-
lent. The alternative hypothesis was therefore that the treat-
ment groups were equivalent (ie, the 95% CIs were totally
within the equivalence margin), so if the P value was signifi-

cant (P < .05), the conclusion was that there was significant
evidence to suggest that the 2 treatments were equivalent. Ac-
cording to CONSORT and other groups, secondary outcomes
can be managed by a superiority or equivalence framework.22

We assessed secondary end points with a superiority hypoth-
esis rather than an equivalence because this technique, rec-
ognized as legitimate, avoided the need to set multiple equiva-
lence margins when such margins were not available.
Superiority testing is also more statistically efficient, which was
an important consideration for this trial. Sensitivity analyses
using multiple imputation techniques to assess the effect of
missing data were planned. It is well recognized that surgical
techniques can take some time to learn and that the number

Table 1. Baseline Demographic and Clinical Characteristics of Randomized Participants by Treatment Group

Characteristic
Surgery
(n = 309)

Casting
(n = 311)

Age, mean (SD), y 69.8 (6.9) 71.4 (7.6)

Sex, No. (%)

Male 82 (26.5) 78 (25.1)

Female 227 (73.5) 233 (74.9)

Ankle fracture classification, No. (%)

Infrasyndesmotic/trans-syndesmotic 272 (88.0) 270 (86.8)

Suprasyndesmotic 37 (12.0) 41 (13.2)

Olerud-Molander Ankle Score, preinjury, mean (SD)a,b 89.8 (17.0) 87.7 (17.7)

SF-12 mental score preinjury, mean (SD)a,c 53.7 (8.1) 54.5 (7.5)

Missing data 2 0

SF-12 physical score preinjury, mean (SD)a,c 51.2 (8.8) 49.6 (10.3)

Missing data 2 0

EQ-5D score preinjury, mean (SD)a,d,e 0.91 (0.16) 0.87 (0.19)

Missing data 31 30

EQ-5D score day of randomization, mean (SD)d,e 0.04 (0.26) 0.07 (0.26)

Missing data 49 47

Mini-Mental State Examination score, mean (SD)d 28.2 (2.1) 27.9 (2.3)

Missing data 32 31

Medical history, No. (%)

Heart disease 38 (12.3) 44 (14.1)

Hypertension 126 (40.8) 140 (45.0)

Asthma/chronic obstructive pulmonary disease 46 (14.9) 39 (12.6)

Non–insulin-dependent diabetes 31 (10.0) 26 (8.4)

Parkinson disease 0 0

Epilepsy 4 (1.3) 5 (1.6)

Renal disease 5 (1.6) 7 (2.3)

Liver disease 2 (0.7) 4 (1.3)

Cerebrovascular accident/transient ischemic attack 14 (4.5) 21 (6.8)

Peptic ulcer 5 (1.6) 13 (4.2)

Malignancy 37 (12.0) 36 (11.7)

Venous thromboembolism 10 (3.2) 19 (6.2)

Osteoarthritis 84 (27.2) 100 (32.4)

Rheumatoid arthritis 12 (3.9) 14 (4.5)

Depression 35 (11.3) 38 (12.3)

Dementia 1 (0.3) 0

Current smoker, No. (%) 25 (8.1) 32 (10.4)

Alcohol consumption per week, median (IQR), unitsf 4 (0-45) 2 (0-42)

Admitted from own home, No. (%) 302 (97.7) 297 (96.0)

No walking aid used before injury, No. (%) 271 (87.7) 258 (83.5)

Abbreviations: EQ-5D, EuroQol 5
dimensions questionnaire;
IQR, interquartile range;
SF-12, 12-Item Short Form
Health Survey.
a Participants recalled preinjury

status.
b Range 0-100, with higher scores

indicating better ankle function.
c Range 0 to 100, with higher scores

indicating better functioning.
d The majority of missing scores relate

to early study participants before
the measure’s being introduced.

e Range typically from 0 (death) to 1
(perfect health); negative scores
can be obtained, reflective of a
patient’s quality of life being worse
than death.

f One unit of alcohol in the United
Kingdom is 10 mL, or 8 g of pure
alcohol. Equivalent public estimates
are 250 mL of beer, 76 mL of wine,
and 25 mL of whisky.
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of procedures undertaken can be important in determining
outcome.23 Learning curves were assessed with a longitudi-
nal random model. For each surgeon, operation time was or-
dered sequentially by date, and a time variable was created.
This time variable was fitted as a random effect into a longi-
tudinal model, with the operation time as the response vari-
able. The surgeon was included as a random effect. All tests
were 2-sided at the 5% significance level. Secondary end point
analyses should be considered exploratory because they were
not adjusted for multiple comparisons. Analyses were con-
ducted with Stata version 13.1 and SAS version 9.3.

Results
Recruitment to the pilot study started in May 2004, moving to
the multicenter phase from July 2010 to November 2013. A total
of 2015 patients were assessed for eligibility; 671 were eligible
and 620 consented to randomization (Figure and eTable 1 in
Supplement 2). Baseline characteristics were well matched be-
tween groups (Table 1). Participants were aged an average of
71 years, and 460 of 620 (74%) were women. Ankle fractures
were trans-syndesmotic or infrasyndesmotic (542/620; 87%)
and suprasyndesmotic (78/620; 13%). Six-month assessments
were conducted mostly in clinic (572/593; 97%). Follow-up data
were obtained for 593 of 620 participants (96%) at 6 months;
the remainder had been lost to follow-up (2/620; 0.3%), had
withdrawn (15/620; 2%), or had died (10/620; 2%). Analyses in-
cluded 90% of participants (558/620) for per protocol and 96%
(593/620) for intention to treat.

The majority of participants (579/620; 93%) received al-
located treatment. In the casting arm, 34 of 620 participants
(6%) did not receive the casting and so were not included in
the per-protocol analysis. Of these participants, 17 proceeded
to internal fixation surgery, 1 received external fixation sur-
gery, 5 had traditional casting, 6 had an alternative form
of casting, and 5 withdrew before receiving treatment. In the
surgery arm, 7 of 620 participants (1%) did not receive inter-
nal fixation and so were not in the per-protocol analysis. Of
these participants, 4 received casting against protocol and 3
received another form of casting. The remainder of partici-
pants received their treatment per protocol, including 13
of 298 (4%) who received a temporary treatment before sur-
gery and 2 of 275 (0.7%) who received one before close con-
tact casting.

For participants in the casting arm who received treat-
ment according to allocation, later loss of fracture reduction
resulted in conversion to internal fixation for 52 of 275 (19%)
or remanipulation and casting applied in the operating room
for 10 of 275 (4%). These events in the weeks after initial cast-
ing application were allowable and expected as part of the close
contact casting intervention pathway, so these participants
were included in per-protocol analysis. One hundred sur-
geons applied close contact casting in the trial, and 45 of them
performed 2 procedures; only 13 surgeons conducted 5 or more
procedures. There was no evidence of a learning curve among
the surgeons (F test = 1.45; P = .09).

There was no difference in OMAS scores between close con-
tact casting and surgery at 6 months after randomization
(Table 2). In the per-protocol analysis, the mean difference at

Table 2. Primary and Secondary Outcomes at 6-Month Follow-up (Per-Protocol Analysis)

Measure

Surgery Casting

Adjusted Difference (95% CI)aNo. Mean (95% CI) No. Mean (95% CI)
OMASb 291 66.0 (63.6 to 68.5) 267 64.5 (61.8 to 67.2) −0.6 (−3.9 to 2.6)

SF-12 scorec

Mental 291 52.1 (50.9 to 53.3) 267 52.2 (51.0 to 53.4) −0.2 (−1.7 to 1.2)

Physical 291 45.6 (44.4 to 46.7) 267 44.0 (42.7 to 45.3) −0.8 (−2.3 to 0.7)

EQ-5Dd 264 0.76 (0.73 to 0.79) 241 0.76 (0.73 to 0.78) −0.004 (−0.04 to 0.04)

Ankle range, degrees

Dorsiflexion 282 11.9 (10.7 to 13.1) 256 11.6 (10.2 to 13.1) 0.2 (−1.5 to 1.9)

Plantar flexion 282 33.7 (32.1 to 35.3) 256 31.1 (29.5 to 32.7) −2.5 (−4.6 to −0.5)

Eversion, % compared with uninjured ankle 282 88.0 (78.3 to 97.7) 251 86.1 (79.6 to 92.6) −2.0 (−13.5 to 9.6)

Inversion, % compared with uninjured ankle 282 83.4 (75.8 to 91.0) 256 83.4 (78.2 to 88.5) −0.3 (−9.4 to 8.8)

EQ-5D pain ratinge 265 1.6 (1.5 to 1.7) 241 1.6 (1.5 to 1.6) −0.00009 (−0.09 to 0.09)

OMAS pain ratingf 291 2.0 (1.9 to 2.1) 267 1.9 (1.8 to 2.1) −0.1 (−0.2 to 0.1)

Patient satisfactiong 248 4.5 (4.4 to 4.6) 224 4.5 (4.3 to 4.6) −0.05 (−0.2 to 0.1)

Timed Up and Go mobility test, sh 276 18.0 (14.5 to 22.6) 242 18.4 (15.2 to 24.0) −0.9 (−1.9 to 0.1)

Abbreviations: EQ-5D, EuroQol 5 dimensions questionnaire; OMAS, Olerud-Molander
Ankle Score; SF-12, 12-Item Short Form Health Survey.
a Differenceswereadjustedforbaselineoutcomevalues,age,sex,recruitmenthospital,

andfracturepattern(trans-syndesmoticandinfrasyndesmoticvssuprasyndesmotic).
A negative value implies that the treatment effect is in favor of surgery.

b Range 0-100, with higher scores indicating better ankle function. Shown are
primary analysis results.

c Range 0 to 100, with higher scores indicating better functioning.
d Range typically from 0 (death) to 1 (perfect health); negative scores can be

obtained, reflective of a patient’s quality of life being worse than death.

e Scores were from 1 to 3, with 1 indicating “no pain or discomfort” and 3
indicating “extreme pain or discomfort.”

f Scores were from 1 to 5, with 1 indicating “none” and 5 indicating
“constant and severe.”

g Patient satisfaction with treatment was rated from 1 to 5, with 1 indicating
“very dissatisfied” and 5 indicating “very satisfied.”

h Collected at 6 months only. Data not normally distributed; hence, median
(interquartile range) is presented instead of mean (SD). Hodges-Lehmann
estimate (95% CI) reported for the treatment comparison.
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6 months was –0.6 OMAS points (95% CI, –3.9 to 2.6; P = .001).
In the intention-to-treat analysis (eTable 3 in Supplement 2),
the mean difference was –0.2 OMAS points (95% CI, –3.3 to 2.9;
P < .001). A post hoc analysis was performed in which partici-
pants who did not receive their allocated casting interven-
tion but received surgery instead were included in the sur-
gery group; there was no difference between groups (mean
difference, –0.7 OMAS points; 95% CI, –3.84 to 2.42; P = .66).
Sensitivity analyses using imputation were not conducted be-
cause missing data were minimal. For the primary outcome and
end point, there were no missing data for the per-protocol
analysis and 0.2% missing data for the intention-to-treat analy-
sis. Inclusion of participants from the pilot study did not in-
troduce bias in the primary per-protocol analysis; the treat-
ment effect estimate was unchanged and the pilot membership
indicator in the model was not significant (P = .71). The James
blinding index was 0.8 (95% CI, 0.78-0.84).

Table 2 shows data for secondary outcomes. There were
no differences between the secondary outcomes of quality of
life (mental and physical), ankle pain, and patient satisfac-
tion at either 6 weeks or 6 months. The Timed Up and Go mo-
bility test score was only completed at 6 months. There were
small differences in ankle motion at 6 weeks (eTable 2 in
Supplement 2), but no differences at 6 months.

Six-month radiographs were missing for 24 of 298 partici-
pants (8%) in the surgery group and 26 of 275 (10%) in the cast-
ing group. Radiologic malleolar nonunion was low overall and
lower in the surgery group compared with casting for the lat-
eral malleolus (data were missing for 1 participant: 0/274 vs
8/248; 3%) and medial malleolus (3/274 vs 18/248 [1% vs 7%]),
yielding an odds ratio of 0.1 (95% CI, 0.04-0.5). Radiologic mal-
union occurred in 38 of 249 participants (15%) in the casting
group compared with 8 of 274 (3%) in the surgery group, yield-
ing an odds ratio of 6.0 (95% CI, 2.8-12.9). The most disabling
form of malunion was a combination of talar shift, tilt, and a
diastasis. There were few cases of this type of malunion, and
these were equally spread between the trial groups (eTable 4
in Supplement 2).

Adverse events are detailed in Table 3. There were no un-
expected, treatment-related, serious adverse events. The num-
ber of participants who experienced an infection and/or wound
breakdown in those with follow-up data available for the sur-
gery group was 29 of 298 (10%) compared with 4 of 275 (1%)
for close contact casting, yielding an odds ratio of 7.3 (95% CI,
2.6-20.2). eTable 4 in Supplement 2 shows OMAS scores at 6
months for these participants. The number of additional op-
erating room procedures for treatment-related complica-
tions was 18 of 298 participants (6%) in the surgery group and
3 of 275 (1%) in the close contact casting group, yielding an odds
ratio of 5.8 (95% CI, 1.8-18.7).

Resource use for the interventions is shown in eTable 5 in
Supplement 2. Casting resulted in a meaningful mean reduc-
tion in overall operating room time and implant use and small
increases in casts, orthopedic outpatient or office consulta-
tions, and hospital transport use. There was no difference in
length of hospital stay or time to weight bearing. There were
no differences in other aspects of health resource use during
the follow-up period.

Clinical outcomes and resource use were consistent be-
tween the per-protocol and intention-to-treat populations
(Tables 2 and 3; eTables 2, 3, and 6-9 in Supplement 2).

Discussion
In older adults with unstable ankle fractures, a strategy of
commencing fracture management with close contact cast-
ing resulted in ankle function equivalent to that with imme-
diate surgery, with fewer wound complications and reduced
intervention costs. Close contact casting was delivered suc-
cessfully for most participants, substantially reducing the
number of patients requiring invasive surgical procedures at
the outset and additional operations during a 6-month pe-
riod. These findings are strengthened by consistency be-
tween per-protocol and intention-to-treat analyses, excel-
lent retention of participants during follow-up, minimal missing
data, a robust scientific design, and adequate numbers of study
participants.

In recent decades, orthopedic surgical practice has fa-
vored open surgical implant fixation of fractures of the ankle
to restore exact joint congruence. This approach is consid-
ered to improve outcomes and reduce postinjury arthritis.

Table 3. Treatment-Related Adverse Events: Complications and
Additional Procedures in the Operating Room by Treatment Group
(Per-Protocol Analysis)

No. (%)
Surgery
(n = 298)a

Casting
(n = 275)a

Complications

Intraoperative fracture 1 (0.3) 0

Neurovascular injury 3 (1.0) 3 (1.1)

Wound complications

Infection 8 (2.7)b 2 (0.7)b

Breakdown 27 (9.1)b 3 (1.1)b

Nonwound lower limb skin complication 11 (3.7) 9 (3.3)

Internal fixation complications

Implant failure 5 (1.7) 0

Other clinical issue 4 (1.3) 0

Casting complications 12 (4.0) 16 (5.8)

Pain from cast

Plaster sore 13 (4.4) 18 (6.5)

Plaster saw laceration 1 (0.3) 5 (1.8)

Venous thromboembolism 4 (1.3) 12 (4.4)

Additional operating room procedures

Revision of internal fixation 3 (1.0) 1 (0.4)

Wound washout 2 (0.7) 0

Wound debridement 1 (0.3) 0

Incision and drainage of hematoma 1 (0.3) 0

Removal of internal fixation implants

Syndesmosis screws 6 (2.0) 1 (0.4)

Other metalwork 4 (1.3)b 1 (0.4)

a Excluded are all participants who did not receive their allocated treatment or
did not provide any follow-up data.

b One or more participants experienced both infection and wound breakdown.
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However, in older patients with lower demand, shorter life ex-
pectancy, lesser bone and tissue quality, and diminished ca-
pacity for healing, the rates of delayed or infected wound heal-
ing and loss of implant fixation become greater. More
complicated types of clinical presentation were not included
in the study sample, in which abnormalities of skin and risk
of infection were substantially greater. Previous research has
demonstrated the effectiveness of contact casting for man-
agement of significant skin ulceration in diabetes and related
conditions.24 The sample was consistent with the age, sex rep-
resentations, and levels of disability of clinical populations and
samples in other trials.7,25,26 There were higher rates of radio-
logic malunion with close contact casting, indicating that main-
taining position was more difficult. The overall equivalence in
clinical outcome, however, challenges the importance of re-
storing exact joint congruence in older adults and suggests that
function and pain are not as closely related to malunion as
many clinicians believe. Alternatively, the grades or types of
malunion observed after close contact casting may be of little
functional significance.

The evidence base for nonsurgical fracture management
is limited. To our knowledge, this clinical trial is the first to re-
port the effectiveness of close contact casting for this indica-
tion. The findings are consistent with a recent smaller trial of
younger persons with similar injuries that compared tradi-
tional casting techniques and surgery and reported no func-
tional differences but more malunion with casting.27

This was a pragmatic trial recruiting from major trauma
centers and smaller district hospitals following their usual prac-
tices for assessment and management. The trial protocol al-
lowed aspects of care, except the intervention, to continue un-

changed and enabled the results to be generalizable to a range
of settings. The design allowed for different decisions being
made in the operating room, as is the case in everyday prac-
tice. The results represent a well-controlled comparison of the
2 intervention strategies of starting fracture management with
surgery or casting.

Limitations have to be recognized. Longer-term out-
comes would have yielded greater certainty of the safety and
effectiveness of treatment, particularly the development of
posttraumatic osteoarthritis. However, the weight of evi-
dence showed that physical function at 6 months was a ro-
bust intermediary measure for long-term outcome.28 There is
a fundamental uncertainty about causative factors of post-
traumatic osteoarthritis. The limited published evidence im-
plicates direct damage caused by the initial trauma, compli-
cations, and patient-related factors rather than joint alignment
during the fracture reduction.29-31 A learning curve was not
identified for close contact casting, but this might have been
difficult to detect, given the limited number of close contact
casting procedures conducted by each surgeon during the trial.
There were a large number of secondary analyses, and al-
though they should be considered exploratory, all are consis-
tent in direction and nature.

Conclusions
Among older adults with unstable ankle fracture, the use of
close contact casting compared with surgery resulted in simi-
lar functional outcomes at 6 months. Close contact casting may
be an appropriate treatment for such patients.

ARTICLE INFORMATION

Author Affiliations: Kadoorie Centre for Critical
Care Research and Education, John Radcliffe
Hospital, Nuffield Department of Orthopaedics,
Rheumatology and Musculoskeletal Sciences,
University of Oxford, Oxford, United Kingdom
(Willett, Keene, Tutton, Morgan, Roberts, Lamb);
Warwick Clinical Trials Unit, Warwick Medical
School, University of Warwick, Coventry, United
Kingdom (Mistry, Lall, Lamb); Institute of Health
and Wellbeing, University of Glasgow, Glasgow,
United Kingdom (Nam, Briggs); Now with
Hoffmann-La Roche, Mississauga, Ontario, Canada
(Nam); Royal College of Nursing Research Institute,
University of Warwick, Coventry, United Kingdom
(Tutton); Oxford Trauma Service, John Radcliffe
Hospital, Oxford University Hospitals NHS Trust,
Oxford, United Kingdom (Handley); Department of
Orthopaedic Surgery, Southmead Hospital, North
Bristol NHS Trust, Bristol, United Kingdom
(Chesser); Department of Orthopaedic Surgery,
Morriston Hospital, Abertawe Bro Morgannwg
University Health Board, Swansea, United Kingdom
(Pallister).

Author Contributions: Dr Willett was the chief
investigator and had full access to all of the data in
the study and takes responsibility for the integrity
of the data and the accuracy of the data analysis.
Concept and design: Willett, Keene, Nam, Tutton,
Handley, Briggs, Chesser, Lamb.

Acquisition, analysis, or interpretation of data: All
Authors.
Drafting of the manuscript: Willett, Keene, Nam,
Tutton, Morgan, Roberts, Lall, Chesser, Lamb.
Critical revision of the manuscript for important
intellectual content: Willett, Keene, Mistry,
Nam, Tutton, Handley, Briggs, Lall, Chesser,
Pallister, Lamb.
Statistical analysis: Mistry, Nam, Briggs, Lall, Lamb.
Administrative, technical, or material support:
Willett, Keene, Tutton, Morgan, Roberts, Lamb.
Study supervision: Willett, Handley, Morgan, Briggs,
Chesser, Pallister, Lamb.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest.
Dr Willett reports receiving design royalties from
Zimmer for intramedullary bone fixation implants.
No other disclosures were reported.

Funding/Support: The Ankle Injury Management
(AIM) Trial was funded by the National Institute of
Health Research (NIHR) Health Technology
Assessment program (project 07/37/61). This report
was developed in association with the NIHR Oxford
Biomedical Research Unit funding scheme (Keene
and Lamb). The pilot phase was funded by the AO
Research Foundation (03-W31).

Role of the Funder/Sponsor: The sponsor
(University of Oxford) and funders monitored the
study but were not involved in its design and
conduct; collection, management, analysis, and

interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

The Ankle Injury Management Trial Principal
Investigators/Research Associates (Recruiting
Sites): Bob Handley, FRCS Ed, Bridget Gray,
Susanna Symonds, Louise Spoors, Vivienne
Fairclough, and Joseph Alsousou (John Radcliffe
Hospital, Oxford); Steve Hepple, FRCS, Rebecca
Fox, Ruth Halliday, Steve Barnfield, and Hannah
Luton (Frenchay Hospital, Bristol); Mike Reed, FRCS
Ed(T&O), Catherine Ashbrook-Raby, Maureen
Armstrong, Kirstie Walker, Chris Herriott, and Helen
Baily (North Tyneside and Wansbeck Hospitals,
Northumbria); Andrew McAndrew, FRCS Ed(T&O),
Patricia Rodrigues-Osorio, Julie Foxton, Karen
Barnard, Tinashe Samakomva, and Belinda Elba
(Royal Berkshire Hospital); Ben Lankester, FRCS
(T&O), Barbara Williams-Yesson, Rebecca Rowland,
and Claire Buckley (Yeovil District Hospital); Simon
Donell, FRCS Orth, Elizabeth Saunders, David
Thomlinson, Jennifer Jaggar, and Nicola Hunt
(Norfolk and Norwich University Hospital); Chris
Roberts, FRCS(T&O), Christopher Servant, Bally
Purewall, Sheeba Suresh, and Jenny Finch (Ipswich
Hospital); Ian Pallister, FRCS, Jill Scott, Lisa Bastin,
and Christine Jones (Morriston Hospital, Swansea);
Andrew Kelly, FRCS Ed, FRCS(Orth), Carole
Chillmaid, Matthew Beebee, and Keira Beacham
(Musgrove Park, Taunton); Matt Costa, FRCS(Orth),
Kate Dennison, Rebecca McKeown, and Andrew
Cuff (University Hospital Coventry); Andrew Gray,

Research Original Investigation Casting vs Surgery for Ankle Fractures in Older Adults

1462 JAMA October 11, 2016 Volume 316, Number 14 (Reprinted) jama.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a University of Warwick User  on 12/09/2016

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2016.14719


Copyright 2016 American Medical Association. All rights reserved.

FRCS(T&O), Jacqueline Claydon, Kelly Storey, Adam
Dobson, and Karen Smith (Royal Victoria Infirmary,
Newcastle); Sunny Deo, FRCS(T&O) and Claire
Woodruffe (Great Western Hospital, Swindon);
Damian McClelland, FRCSEd(T&O), Sarah Griffiths,
and Racquel Carpio (North Staffordshire Royal
Infirmary, Stoke-on-Trent); Mark Farrar, FRCSEd
(T&O), Sarah Margetts-Cooke, Katarina Kennedy,
Christine Dickson, Adrian Hand, and Rachel Martin
(Poole Hospital); Maneesh Bhatia, FRCS(T&O),
Manjit Attwal, and Bianca Ngwenya (Leicester Royal
Infirmary); James Davis, FRCS(Orth), Pauline
Mercer, Andy Hall, and Barbara Finson (Torbay
Hospital); Nicola Maffulli, PhD, FRCS(Orth), and
Gayle Mafulli (Newham University Hospital,
London); Andrew Jennings, FRCS(T&O), Graham
Chuter, Glynis Rose, Jill Deane, Fiona Bezzina, and
Gil Horner (University Hospital of North Durham
and Darlington Memorial Hospital); Peter
Giannoudis, FRCS, Michalis Panteli, Suri Gudipati,
Oghor Obakponovwe, and Jennifer Ogden (Leeds
General Infirmary); Mark Brinsden, FRCS(Orth),
Claire West, and Rosalyn Squire (Derriford Hospital,
Plymouth); Peter Hull, FRCSEd(T&O), Sophie Lewis,
and Abigail Ford (Addenbrooke’s Hospital,
Cambridge); Eugene Toh, FRCS(Orth), and
Margaret Marshall (Southport & Ormskirk Hospital).

Trial Steering Committee: Margot Gosney
(independent chair), Keith Willett (chief
investigator), Sallie Lamb (grant coapplicant),
Andrew Briggs (grant coapplicant and AIM Trial
health economist), Matt Costa (orthopedic
surgeon), Dipesh Mistry and Ranjit Lall (AIM Trial
statisticians), Stephen Bremner (independent
member, statistician), Lesley Morgan (AIM Trial
manager), Tim Chesser (grant coapplicant), Ian
Pallister (grant coapplicant), Rosamund Mengech
(independent member, user representative).

Data Monitoring and Ethics Committee: Alan
Montgomery (chair), David Marsh, Karen Barker.

Disclaimer: The views and opinions expressed
therein are those of the authors and do not
necessarily reflect those of the Health Technology
Assessment program, NIHR, the National Health
Service, or the Department of Health.

Additional Contributions: We thank Bridget Gray,
BA, research nurse at the John Radcliffe Hospital,
Oxford, who coordinated the pilot phase of the
study, and Christopher Knox, MSc, who provided
statistical support earlier in the trial. The software
system for radiologic measurements was developed
by Ben Van Duren, BEng, DPhil, MBChB, MRCS.
None of the individuals listed here received
compensation for their contributions.

REFERENCES

1. Court-Brown CM, McBirnie J, Wilson G. Adult
ankle fractures—an increasing problem? Acta
Orthop Scand. 1998;69(1):43-47.

2. Davidovitch RI, Walsh M, Spitzer A, Egol KA.
Functional outcome after operatively treated ankle
fractures in the elderly. Foot Ankle Int. 2009;30(8):
728-733.

3. De Boer AS, Schepers T, Panneman MJ,
Van Beeck EF, Van Lieshout EM. Health care
consumption and costs due to foot and ankle
injuries in the Netherlands, 1986-2010. BMC
Musculoskelet Disord. 2014;15(1):128.

4. McPhail SM, Dunstan J, Canning J, Haines TP.
Life impact of ankle fractures: qualitative analysis of
patient and clinician experiences. BMC
Musculoskelet Disord. 2012;13(1):224.

5. Van Son MA, De Vries J, Roukema JA,
Den Oudsten BL. Health status, health-related
quality of life, and quality of life following ankle
fractures: a systematic review. Injury. 2013;44(11):
1391-1402.

6. Makwana NK, Bhowal B, Harper WM, Hui AW.
Conservative versus operative treatment for
displaced ankle fractures in patients over 55 years
of age: a prospective, randomised study. J Bone
Joint Surg Br. 2001;83(4):525-529.

7. Zaghloul A, Haddad B, Barksfield R, Davis B.
Early complications of surgery in operative
treatment of ankle fractures in those over 60:
a review of 186 cases. Injury. 2014;45(4):780-783.

8. Donken CC, Al-Khateeb H, Verhofstad MH,
van Laarhoven CJ. Surgical versus conservative
interventions for treating ankle fractures in adults.
Cochrane Database Syst Rev. 2012;8(8):CD008470.

9. Folstein MF, Folstein SE, McHugh PR.
“Mini-mental state”: a practical method for grading
the cognitive state of patients for the clinician.
J Psychiatr Res. 1975;12(3):189-198.

10. Willett K, Keene DJ, Morgan L, et al. Ankle
Injury Management (AIM): design of a pragmatic
multi-centre equivalence randomised controlled
trial comparing close contact casting (CCC) to open
surgical reduction and internal fixation (ORIF) in the
treatment of unstable ankle fractures in patients
over 60 years. BMC Musculoskelet Disord. 2014;15
(1):79.

11. James KE, Bloch DA, Lee KK, Kraemer HC,
Fuller RK. An index for assessing blindness in a
multi-centre clinical trial: disulfiram for alcohol
cessation—a VA cooperative study. Stat Med. 1996;
15(13):1421-1434.

12. Ruedi TP, Murphy WM. AO Principles of Fracture
Management. Stuttgart, NY: Thieme; 2000.

13. Olerud C, Molander H. A scoring scale for
symptom evaluation after ankle fracture. Arch
Orthop Trauma Surg. 1984;103(3):190-194.

14. Gandek B, Ware JE, Aaronson NK, et al;
International Quality of Life Assessment.
Cross-validation of item selection and scoring for
the SF-12 Health Survey in nine countries: results
from the IQOLA Project. J Clin Epidemiol. 1998;51
(11):1171-1178.

15. Rabin R, de Charro F. EQ-5D: a measure of
health status from the EuroQol Group. Ann Med.
2001;33(5):337-343.

16. Reese NB, Bandy WD. Joint Range of Motion
and Muscle Length Testing. Philadelphia, PA:
Saunders; 2002.

17. Mathias S, Nayak US, Isaacs B. Balance in elderly
patients: the “Get-Up and Go” test. Arch Phys Med
Rehabil. 1986;67(6):387-389.

18. Wilson AP, Treasure T, Sturridge MF,
Grüneberg RN. A scoring method (ASEPSIS) for
postoperative wound infections for use in clinical
trials of antibiotic prophylaxis. Lancet. 1986;1
(8476):311-313.

19. Machin D. Sample Size Tables for Clinical Studies.
2nd ed. Oxford, England: Blackwell Science; 1997.

20. Nilsson GM, Eneroth M, Ekdahl CS.
The Swedish version of OMAS is a reliable and valid
outcome measure for patients with ankle fractures.
BMC Musculoskelet Disord. 2013;14:109.

21. Christensen E. Methodology of superiority vs
equivalence trials and non-inferiority trials. J Hepatol.
2007;46(5):947-954.

22. Piaggio G, Elbourne DR, Pocock SJ, Evans SJ,
Altman DG; CONSORT Group. Reporting of
noninferiority and equivalence randomized trials:
extension of the CONSORT 2010 statement. JAMA.
2012;308(24):2594-2604.

23. McCulloch P, Altman DG, Campbell WB, et al;
Balliol Collaboration. No surgical innovation without
evaluation: the IDEAL recommendations. Lancet.
2009;374(9695):1105-1112.

24. Lewis J, Lipp A. Pressure-relieving
interventions for treating diabetic foot ulcers.
Cochrane Database Syst Rev. 2013;1(1):CD002302.

25. Court-Brown CM, Caesar B. Epidemiology of
adult fractures: a review. Injury. 2006;37(8):691-697.

26. Moseley AM, Beckenkamp PR, Haas M, Herbert
RD, Lin CW; EXACT Team. Rehabilitation after
immobilization for ankle fracture: the EXACT
randomized clinical trial. JAMA. 2015;314(13):1376-
1385.

27. Sanders DW, Tieszer C, Corbett B; Canadian
Orthopedic Trauma Society. Operative versus
nonoperative treatment of unstable lateral
malleolar fractures: a randomized multicenter trial.
J Orthop Trauma. 2012;26(3):129-134.

28. Beckenkamp PR, Lin CW, Chagpar S, Herbert
RD, van der Ploeg HP, Moseley AM. Prognosis of
physical function following ankle fracture:
a systematic review with meta-analysis. J Orthop
Sports Phys Ther. 2014;44(11):841-851, B2.

29. Horisberger M, Valderrabano V, Hintermann B.
Posttraumatic ankle osteoarthritis after
ankle-related fractures. J Orthop Trauma. 2009;23
(1):60-67.

30. Stufkens SA, Knupp M, Horisberger M,
Lampert C, Hintermann B. Cartilage lesions and the
development of osteoarthritis after internal fixation
of ankle fractures: a prospective study. J Bone Joint
Surg Am. 2010;92(2):279-286.

31. Lübbeke A, Salvo D, Stern R, Hoffmeyer P,
Holzer N, Assal M. Risk factors for post-traumatic
osteoarthritis of the ankle: an eighteen year
follow-up study. Int Orthop. 2012;36(7):1403-1410.

Casting vs Surgery for Ankle Fractures in Older Adults Original Investigation Research

jama.com (Reprinted) JAMA October 11, 2016 Volume 316, Number 14 1463

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a University of Warwick User  on 12/09/2016

http://www.ncbi.nlm.nih.gov/pubmed/9524517
http://www.ncbi.nlm.nih.gov/pubmed/9524517
http://www.ncbi.nlm.nih.gov/pubmed/19735627
http://www.ncbi.nlm.nih.gov/pubmed/19735627
http://www.ncbi.nlm.nih.gov/pubmed/24725554
http://www.ncbi.nlm.nih.gov/pubmed/24725554
http://www.ncbi.nlm.nih.gov/pubmed/23171034
http://www.ncbi.nlm.nih.gov/pubmed/23171034
http://www.ncbi.nlm.nih.gov/pubmed/23490315
http://www.ncbi.nlm.nih.gov/pubmed/23490315
http://www.ncbi.nlm.nih.gov/pubmed/11380123
http://www.ncbi.nlm.nih.gov/pubmed/11380123
http://www.ncbi.nlm.nih.gov/pubmed/24388418
http://www.ncbi.nlm.nih.gov/pubmed/22895975
http://www.ncbi.nlm.nih.gov/pubmed/1202204
http://www.ncbi.nlm.nih.gov/pubmed/24621174
http://www.ncbi.nlm.nih.gov/pubmed/24621174
http://www.ncbi.nlm.nih.gov/pubmed/8841652
http://www.ncbi.nlm.nih.gov/pubmed/8841652
http://www.ncbi.nlm.nih.gov/pubmed/6437370
http://www.ncbi.nlm.nih.gov/pubmed/6437370
http://www.ncbi.nlm.nih.gov/pubmed/9817135
http://www.ncbi.nlm.nih.gov/pubmed/9817135
http://www.ncbi.nlm.nih.gov/pubmed/11491192
http://www.ncbi.nlm.nih.gov/pubmed/11491192
http://www.ncbi.nlm.nih.gov/pubmed/3487300
http://www.ncbi.nlm.nih.gov/pubmed/3487300
http://www.ncbi.nlm.nih.gov/pubmed/2868173
http://www.ncbi.nlm.nih.gov/pubmed/2868173
http://www.ncbi.nlm.nih.gov/pubmed/23522388
http://www.ncbi.nlm.nih.gov/pubmed/17412447
http://www.ncbi.nlm.nih.gov/pubmed/17412447
http://www.ncbi.nlm.nih.gov/pubmed/23268518
http://www.ncbi.nlm.nih.gov/pubmed/23268518
http://www.ncbi.nlm.nih.gov/pubmed/19782876
http://www.ncbi.nlm.nih.gov/pubmed/19782876
http://www.ncbi.nlm.nih.gov/pubmed/23440787
http://www.ncbi.nlm.nih.gov/pubmed/16814787
http://www.ncbi.nlm.nih.gov/pubmed/26441182
http://www.ncbi.nlm.nih.gov/pubmed/26441182
http://www.ncbi.nlm.nih.gov/pubmed/22330975
http://www.ncbi.nlm.nih.gov/pubmed/25269609
http://www.ncbi.nlm.nih.gov/pubmed/25269609
http://www.ncbi.nlm.nih.gov/pubmed/19104305
http://www.ncbi.nlm.nih.gov/pubmed/19104305
http://www.ncbi.nlm.nih.gov/pubmed/20124053
http://www.ncbi.nlm.nih.gov/pubmed/20124053
http://www.ncbi.nlm.nih.gov/pubmed/22249843
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2016.14719

