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Scientific summary
Background
Ankle sprains are one of the most common musculoskeletal injuries. Although recovery can occur within
weeks, up to one-third of patients still have problems with their ankle at 1 year post injury. In the acute
phase there is no reliable way of establishing which patients are at risk of having a poor outcome.

Objectives
To develop prognostic models to be used in an acute setting to identify people at increased risk of poor
outcome following an acute ankle sprain, and to evaluate the performance of these prognostic models
in a prospective external validation study.

Methods
Research programme
A systematic review of prognostic factors for poor outcome after ankle sprain was conducted, followed by
an expert consensus meeting, then development of prognostic models and external validation using data
from a prospective observational cohort study.

Systematic review
The review was registered on the PROSPERO database: CRD42014014471. Electronic databases were
searched [Allied and Complementary Database (AMED), EMBASE, PsycINFO, Cumulative Index to Nursing
and Allied Health Literature (CINAHL) and SPORTDiscus, PubMed, Cochrane Register of Clinical Trials,
Physiotherapy Evidence Database (PEDro)]. Studies that had participants with acute ankle sprain, a
longitudinal design and assessment of at least one baseline prognostic factor were included. Eligibility
assessments, data extraction and risk-of-bias assessments [using the Quality In Prognosis Studies (QUIPS)
tool] were completed by two independent reviewers. A narrative synthesis was conducted.

Consensus meeting
A range of key stakeholders involved in ankle sprain care and research in the UK NHS, including patient
and public representatives, health-care professionals and clinical researchers, were invited to a 1-day
consensus meeting.
A modified nominal group technique (mNGT) was used to facilitate the consensus process. The participants
were divided into three groups (participants were pre-assigned to groups to ensure that there was a
mixture of clinicians, researchers and patient representatives in each group) and were asked to rank
important prognostic factors, some of which were nominated in the pre-meeting questionnaire.
Discussions were immediately followed by a plenary session to report results of the group discussions to
the entire group. A final session comprised a voting process, in which each participant indicated whether
or not each factor should be included in the prognostic model. The number of votes allowed was limited
to 10 per individual. This was completed independently on paper questionnaires. Factors with ≥ 70%
agreement across participants were considered critically important and eligible for inclusion in the
validation study.
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Development of the models
Data sources
Individual participant data from the existing Collaborative Ankle Support Trial (CAST) database were
used to develop two prognostic models for poor outcome after ankle sprain. CAST was a pragmatic,
multicentre, randomised controlled trial (RCT), with blinded assessment of the outcome, designed to
estimate the clinical effectiveness and cost-effectiveness of three different types of mechanical ankle
support [Aircast® ankle brace (DJO Incorporated, Vista, CA, USA), Bledsoe® boot (Bledsoe Boot Systems,
Grand Prairie, TX, USA) or 10-day below-knee cast] for the initial management of severe ankle
sprain (defined as an injury of grade 2 or 3, without fracture) compared with a double-layer tubular
compression bandage.
The trial population comprised 584 individuals aged ≥ 16 years attending emergency departments (EDs)
in the UK with an ankle sprain and an inability to fully bear weight on the injured ankle at the time of
presentation to the ED and at their review clinic appointment (the trial’s baseline assessment). People
were excluded if they presented with an ankle fracture (apart from a flake fractures of < 2 mm), any other
recent fracture, any contraindication to any of the four arms of the trial, poor skin viability preventing
splinting or casting, or if their injury occurred > 7 days before the first presentation at the recruiting ED.
Participants were followed up at 1, 3 and 9 months after randomisation.

Candidate predictors
Twenty-three candidate predictor variables collected during the enrolment and baseline assessments of
CAST were examined; all of these variables came under the following domains: age, sex, pain, previous
injury, ankle stability tests, weight-bearing ability and severity of presenting clinical signs and symptoms.
These candidate predictor variables were chosen based on clinical consensus, face validity, systematic
review of the literature, data quality and whether or not they were plausibly predictive of the outcomes.

Outcomes
The first prognostic model was developed to predict a composite outcome representing the presence of at
least one of the following symptoms at 9 months post injury: persistent pain, functional difficulty or lack
of confidence (outcome 1).
The second model was developed to predict a composite outcome representing the presence of at least
one of the following symptoms or clinical events at 9 months post injury: persistent pain, functional
difficulty, lack of confidence or recurrence of injury (outcome 2).

Sample size
Based on the CAST data set, between 20% (116/584) and 24% (140/584) of people attending an ED
for an acute ankle sprain experienced a poor outcome at 9 months. As this was the first study aiming to
produce prognostic models to predict poor outcome after ankle sprain, we relaxed the recommendation
of five events per variable (EPV) for the number of variables in a logistic regression model. We included
23 candidate predictors (with a total of 35 degrees of freedom) in the full model, which meant an EPV
ratio of approximately 3 (116/35) and 4 (140/35) for outcomes 1 and 2, respectively.

Analysis
Multiple imputation was used to handle missing data, with 50 imputed data sets created. Based on a
logistic regression model, multivariable fractional polynomials (MFPs) were used to select variables and
identify transformations of continuous variables that best predicted the outcome. Inclusion of predictors in
the final models was based on a nominal alpha of 0.157 (equivalent to the Akaike information criterion) to
reduce the risk of overfitting. Shrinkage of the regression coefficients and intercepts was performed based
on heuristic shrinkage factors to correct for optimism. Predictive accuracy of the models was evaluated by
assessing model discrimination (quantified by the c-statistic) and model calibration (flexible calibration plot).
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External validation of the model
A prospective cohort study recruited people with acute ankle sprain attending one of 10 NHS EDs across
England over a period of 9 months (July 2015–March 2016). There was no planned treatment allocation,
as in a RCT, and EDs provided usual care in accordance with local protocols. Data collection took place at
the time of a participant’s presentation to any of the study recruiting sites (baseline) and subsequently at
4 weeks and 4 and 9 months after the initial injury. People aged ≥ 16 years with an acute ankle sprain
(of < 7 days’ duration) of any severity were invited to take part in the study. People with an ankle fracture
(except a flake fracture of < 2 mm) or other recent (< 3 months) lower limb fracture were excluded. During
this part of the study, a pilot of dynamic consent was also included in the later stages of recruitment.
This gave participants an opportunity to use a website to interact with study information and update
their preferences.

Results
Systematic review
Searches identified 4173 reports, with eight reports identified from additional sources. Thirty-six reports
were assessed in full-text screening and nine studies were included in the review.
One study was judged to be at low risk of bias, five at moderate risk of bias and three studies at high risk
of bias. Incomplete and/or inadequate reporting standards were a common issue; for example, it was
difficult to determine if prognostic factors were eliminated because of statistical reasons or poor clinical
utility. None of the studies reported on performance of the prognostic models using methods to assess
internal or external validation. Across the included studies, a wide range of prognostic factors was
investigated. The prognostic factors that were analysed varied considerably between studies, with no
common framing across the studies. The identified studies and risk-of-bias assessments were summarised
to those attending the consensus meeting.

Consensus meeting
The consensus meeting was attended by 30 participants. The final consensus voting identified eight
baseline factors that were deemed critical for the identification of people likely to have a poor recovery.
These factors spanned pre-injury, sociodemographic, psychosocial and clinical assessment factors,
encompassing a holistic biopsychosocial model of recovery. These factors were included in the data
collection at baseline for the prospective observational study.

Performance of the prognostic models in development data set
The first model predicted the presence of persistent pain, functional difficulty or lack of confidence at
9 months and comprised age, body mass index, pain when resting, pain when bearing weight, number of
days from injury to assessment, whether or not the injury is a recurrent sprain and the ability to bear any
weight on the injured ankle (outcome 1). The apparent performance on a complete-case analysis of the
CAST data set showed a c-statistic of 0.82 [95% confidence interval (CI) 0.75 to 0.89]. The combined
c-statistic across the 50 imputed data sets was 0.74 (95% CI 0.70 to 0.79), with good model calibration.
The second model predicted the presence of either persistent pain, functional difficulty, lack of confidence
or recurrence of injury at 9 months and comprised pain when resting, pain when bearing weight, days
from injury to assessment, ability to bear any weight on the injured ankle and whether or not the injury is
a recurrent sprain (outcome 2). The apparent performance on a complete-case analysis of the CAST data
set showed a c-statistic of 0.73 (95% CI 0.66 to 0.81). The combined c-statistic across the 50 imputed
data sets was 0.70 (95% CI 0.65 to 0.74), with good model calibration.
Updating these models, which used baseline data collected at the ED, with an additional variable at
4 weeks after the injury (pain when bearing weight on the ankle), improved the predictions of the
models when compared, using decision curve analysis plots.
© Queen’s Printer and Controller of HMSO 2018. This work was produced by Keene et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should
be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

v

SCIENTIFIC SUMMARY: THE SPRAINED DEVELOPMENT AND EXTERNAL VALIDATION STUDY

A substudy to pilot dynamic consent recruited 22 participants in the later phase of the prospective cohort
study. Eight participants accessed their dynamic consent online web page and none changed his/her
consent decisions during the study.

Performance of the models in the external data set
Discrimination of the model for outcome 1 was similar to that observed in the development data set
(combined c-statistic across the 50 imputed data sets = 0.73, 95% CI 0.66 to 0.79), but calibration was
poor (combined calibration plot intercept = –0.91, 95% CI –1.18 to –0.65, and slope = 1.13, 95% CI
0.76 to 1.50). For the outcome 2 model, the combined c-statistic across the 50 imputed data sets was
0.63 (95% CI 0.58 to 0.69), the calibration plot intercept was –0.25 (95% CI –0.44 to –0.06) and the
slope was 1.03 (95% CI 0.65 to 1.42). Discrimination of the updated model for outcome 1 was better
(combined c-statistic = 0.78, 95% CI 0.72 to 0.84), but calibration did not improve substantially (combined
calibration plot intercept = –0.62, 95% CI –0.89 to –0.34, and slope = 1.17, 95% CI 0.86 to 1.48). The
combined c-statistic for the updated model for outcome 2 was 0.64 (95% CI 0.59 to 0.69), the calibration
plot intercept was 0.12 (95% CI –0.07 to –0.32) and slope was 0.68 (95% CI 0.46 to 0.91). Finally,
model performance was not better for the subgroup of participants with more severe injuries (ankle
sprains of grade 2 or 3). All models were recalibrated (i.e. had their regression coefficients and intercepts
re-estimated) using the external validation data set.
A substudy to pilot dynamic consent recruited 22 participants in the later phase of the prospective cohort
study. Eight participants accessed their dynamic consent online web page and none changed his/her
consent decisions during the study.

Conclusions
Both models and their updates provided good predictions of poor outcome for people with acute ankle
sprain on the population used in their derivation. There was a slight decrease in model discrimination for
both models when evaluated in a prospectively collected external validation cohort. The models predicting
presence of persistent pain, functional difficulty, lack of confidence or recurrence of injury showed good
calibration, whereas there was miscalibration of the model predicting persistent pain, functional difficulty
or lack of confidence. Recalibration of the models may be required to improve the accuracy of the
predicted risks in other populations (within and outside the UK).

Implications for health care
The SPRAINED (Synthesising a clinical Prognostic Rule for Ankle Injuries in the Emergency Department)
study prognostic models performed reasonably well and showed benefit when compared with not using
any model (i.e. consider all patients to be at a high risk of poor outcome); therefore, the models may assist
clinical decision-making when assessing and advising people with ankle sprains in the ED setting and when
deciding on ongoing management. The models benefit from using predictors that are simple to obtain
during routine clinical assessment.

Recommendations for research
Further research to evaluate the performance of the models in other settings is recommended. Further
refinement of the models, including external validation of the recalibrated models or identifying additional
predictors, may be required. The impact of implementing and using either model in clinical practice, in terms
of acceptability and uptake by ED staff, and their impact on patient outcomes, should be investigated.

Trial registration
This trial is registered as ISRCTN12726986.
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