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Factors influencing return to play following conservatively treated ankle sprain: a systematic review

Introduction
Ankle sprain is a traumatic injury that occurs to one or more of lateral ankle ligaments: anterior talofibular ligament, posterior talofibular ligament and calcaneofibular ligament 
 ADDIN EN.CITE 
(Kerkhoffs et al. 2012)
. Based on the extent of ligamentous injury, ankle sprain injury is clinically graded as grade I (mild sprain), grade II (moderate sprain) and grade III (severe sprain) 
 ADDIN EN.CITE 
(Chorley and Hergenroeder 1997; Lynch and Renstrom 1999; Ferran and Maffulli 2006)
. Grade I results in partial tear of anterior talofibular ligament (ATFL), grade II results in complete tear of ATFL and partial tear of Calcaneofibular ligament (CFL) and grade III results in complete tear of both ATFL and CFL with occasional tear of lateral joint capsule.

Ankle sprains are very common injuries amongst sport and non-sport people.  The incidence rate was estimated to be 2.5 per 1000 person-years 
 ADDIN EN.CITE 
(Waterman et al. 2010)
 and 3.29 per 1000 person-years (Shah et al. 2016) in the United States. In the UK, ankle sprain was found very prevalent injury that presents to emergency departments 
 ADDIN EN.CITE 
(Bridgman et al. 2003; Al Bimani et al. 2017)
 with an incidence rate of 5.27 per 10000 
 ADDIN EN.CITE 
(Bridgman et al. 2003)
. That exerts a large burden on the national economy as there is an estimation of 1.6 million ankle sprain patients’ visits to physician offices and as much as 8000 hospital admissions in USA per year (Praemer et al. 1999) . Moreover, about €187.2 million per year is spent on the management of sport-related ankle sprains in the Netherlands which results in a remarkable number of absence days from work and sports training and is directly associated with low work productivity 
 ADDIN EN.CITE 
(Verhagen et al. 2005; Fernandez et al. 2007; Hupperets et al. 2010)
. 

Most ankle sprains recover spontaneously (Aiken et al. 2008) however, many athletes develop long-term symptoms such as pain, swelling, loss of joint motion, reduced muscle strength, gait abnormalities, joint instability and arthritic changes 
 ADDIN EN.CITE 
(Gerber et al. 1998; Hertel 2000; Takao et al. 2003; van Rijn 2008a; van Rijn et al. 2008b; Malliaropoulos et al. 2009; Golditz et al. 2014)
. It is currently unknown if premature return to play (RTP) contributes to this. Additionally, there appears to be no consistent advice on what constitutes an optimal threshold for return to sporting activities. It is also not clear what factors might contribute to the development of those chronic symptoms. Constructing evidence based guidance requires thorough understanding of the course of the ankle sprain injury including potential influencing factors for recovery 
 ADDIN EN.CITE 
(van Rijn et al. 2008b)
. Therefore, it is important to understand the association between athletes’ characteristics and injury/activity related factors and RTP.

The aim of this review was to determine if consensus exists about potential influencing factors for RTP in conservatively treated ankle sprain.

Materials and Methods

One reviewer (SB) searched the following online databases from inception until May 2018: AMED - The Allied and Complementary Medicine Database, CINAHL Plus with Full Text, Cochrane library (http://www.cochranelibrary.com/), EMBASE, MEDLINE (EBSCO), PsycINFO, Physiotherapy Evidence Database (http://www.pedro.org.au/), SPORTDiscus and Scopus. A secondary search was performed to address publication bias by searching the Open Grey (to search for unpublished literature and ongoing trials) and Google Scholar. The reference list of all included articles were also reviewed to identify any possible additional publications. This systematic review was registered with the international database of prospectively registered systematic reviews in health and social care (PROSPERO), registration number CRD42017067839.
Generating a search strategy

Four expert professionals in physiotherapy (SB), podiatry (LG and CB) and sport science (MW) independently devised the main search terms. The Boolean operator “AND” was used to combine the main search terms “ankle”, “sprain” and “return to play”. Appropriate synonyms were used for each of the main search terms and subsequently entered into the individual online databases (Appendix 1). A consensus meeting was held to address any inconsistencies and agree the final list of search terms. The search terms were formulated according to the research question. The same four reviewers discussed and agreed the inclusion criteria for selection of papers in this review.

This review was carried out according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher D et al. 2009) as illustrated in Figure 1. One reviewer (SB) conducted a systematic search, facilitated by a health sciences librarian (SD). All papers that investigated potential influencing factors on RTP following conservatively treated acute ankle sprain were retrieved. After searching all data sources, studies were transferred to EndNote bibliography software (Thomas Reuters EndNote X7.2.1) for screening and inclusion.

Duplicates

A total of 2991 articles were found after searching the targeted online databases and other sources including grey literature, Google Scholar and reference lists of included articles. Many articles were found in multiple databases therefore a duplicates check was performed in EndNote software where all results of the search were saved. After duplicates were removed, 1885 articles were considered for screening.

Eligibility criteria
Inclusion criteria were articles assessing factors that may influence RTP following conservatively treated acute ankle sprain; Any grade of ankle sprain; new and recurrent; athletes practicing any sport activity at any level; any age range; both male and female patients and full text articles published in English from inception until May 2018. Ankle sprain in this review is defined as a traumatic injury that occurred to one or more of lateral ankle ligaments: anterior talofibular ligament, posterior talofibular ligament and calcaneofibular ligament. All types of study designs were considered to be included in this review. Articles were excluded if they did not include time to return to play (TTRTP) as an outcome measure at follow-up assessment and if they included participants following ankle surgery. In this review TTRTP is defined as number of days from injury until an athlete is back to sport activity. Animal and cadaver studies were also excluded. 
Titles and abstracts were first screened by (SB) in order to identify relevant articles for full text review. Titles were first reviewed and irrelevant articles were immediately excluded. Abstracts were then reviewed when titles did not provide adequate information for either inclusion or exclusion of studies. A full text review was lastly performed to all articles that meet the inclusion criteria following title and abstract screening.

Quality assessment

The quality of the included articles was assessed using the Downs and Black tool for RCTs(Sara and Nick 1998) and Critical Appraisal Skills Program (CASP) for observational studies (Critical Appraisal Skills Programme 2013). Four reviewers in three independent groups (SB and LG), (SB and MW) and (SB and CB) assessed the methodological quality of each article using the Downs and Black for RCTs and CASP for observational studies. Each article was independently reviewed by one reviewer (SB) and verified by another reviewer from the same group (LG or MW or CB). A consensus meeting was held to resolve any disagreement between the reviewers. The quality of all eligible papers was summarized in a table format (Tables 1 and 2).
Data extraction

One reviewer (S.B.) extracted relevant data from all eligible papers (n=14) onto a predefined form. The extracted data included study design, population, setting/ recruitment, predictive/ prognostic/ influencing factors, outcome measure, follow up and results.

Results

After screening all papers and assessing their inclusion eligibility, a number of 14 articles were included in this review 


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
(Duncan and Farr 1988; Karlsson et al. 1996; Wester et al. 1996; Wilson and Gansneder 2000; Green et al. 2001; Ardevol et al. 2002; Cross et al. 2002; Petrella et al. 2007; Petrella et al. 2009; Mendel et al. 2010; Van der Linde and Oschman 2011; Bendahou et al. 2014; McKeon et al. 2014; Punt et al. 2016)
. Of these, 11 articles were RCTs and 3 articles were prospective observational studies (Table 3).
Characteristics and quality of the included RCTs
The quality of the included studies, according to Downs and Black quality assessment tool, varied from moderate (n=5) to good (n=6). Main quality issues were: selection of study population, blinding, reliability of the results and power calculations of study samples. The investigated study populations were patients recruited from emergency department 
 ADDIN EN.CITE 
(Karlsson et al. 1996; Green et al. 2001; Ardevol et al. 2002; Bendahou et al. 2014; Punt et al. 2016)
 and professional and recreational athletes 
 ADDIN EN.CITE 
(Duncan and Farr 1988; Wester et al. 1996; Petrella et al. 2007; Petrella et al. 2009; Mendel et al. 2010; Van der Linde and Oschman 2011)
. Two articles were double blind 
 ADDIN EN.CITE 
(Duncan and Farr 1988; Mendel et al. 2010)
, two articles were only assessor blind 
 ADDIN EN.CITE 
(Green et al. 2001; Punt et al. 2016)
 and four articles only patient blind 
 ADDIN EN.CITE 
(Duncan and Farr 1988; Petrella et al. 2007; Petrella et al. 2009; Mendel et al. 2010)
. The remaining articles did not perform any blinding 
 ADDIN EN.CITE 
(Karlsson et al. 1996; Wester et al. 1996; Ardevol et al. 2002; Van der Linde and Oschman 2011; Bendahou et al. 2014)
. Six studies provided information on calculation power for sample size 
 ADDIN EN.CITE 
(Ardevol et al. 2002; Petrella et al. 2007; Petrella et al. 2009; Mendel et al. 2010; Bendahou et al. 2014; Punt et al. 2016)
. Other studies did not provide any information about power calculation for the recruited sample 
 ADDIN EN.CITE 
(Duncan and Farr 1988; Karlsson et al. 1996; Wester et al. 1996; Green et al. 2001; Van der Linde and Oschman 2011)
. All studies stated different definition and criteria for TTRTP which is the outcome of interest in this review.
Characteristics and quality of the included prospective observational studies

The quality scores for the included observational studies was 6-8/14 on CASP quality checklist. There is a high degree of heterogeneity between the included studies, in particular between the definition of outcome measure, which is TTRTP and follow up period. The main quality issues were use of poor statistical methods, lack of collinearly assessment, lack of linearity testing and low sample size. One study recruited athletes from high schools 
 ADDIN EN.CITE 
(Medina McKeon et al. 2014)
 whereas the other two studies recruited athletes who compete in the National Collegiate Athletic Association (NCAA) 
 ADDIN EN.CITE 
(Wilson and Gansneder 2000; Cross et al. 2002)
. Study participants in all investigations were athletes who compete in different sports who had sustained primary ankle sprain. All studies had recruited athletes with approximate age range of 14-22 years. The sex ratio of participants was 2:1 men:women 
 ADDIN EN.CITE 
(Wilson and Gansneder 2000; Medina McKeon et al. 2014)
 and 1:2 men:women 
 ADDIN EN.CITE 
(Cross et al. 2002)
. Two studies investigated both subjective prognostic factors (Self-reported Athletic Ability, global function, Short Form–36 Physical Function scale (SF36PF), visual analogue pain scale) and objective prognostic factors (measurement of joint swelling, range of motion and weight bearing activities, ankle muscles strength, ambulation status) 
 ADDIN EN.CITE 
(Wilson and Gansneder 2000; Cross et al. 2002)
. The third study investigated history of injury comparing new versus recurrent ankle sprain as predictive factors 
 ADDIN EN.CITE 
(Medina McKeon et al. 2014)
.
Main findings

The included RCTs provided data for 897 patients with acute ankle sprain. The mean age across all of these studies ranged from 20 to 34±11 years. The follow-up period ranged between 4 days and 23 months. The included RCTs showed a variety of treatment methods that resulted in a shorter time to RTP after acute ankle sprain (Table 3 and Table 4).
RCTs

Treatment methods that resulted in a shorter time to RTP after acute ankle sprain included functional treatment 
 ADDIN EN.CITE 
(Karlsson et al. 1996; Ardevol et al. 2002)
, compression stockings (Bendahou et al. 2014), anteroposterior joint mobilization
 ADDIN EN.CITE 
(Green et al. 2001)
, periarticular injection with hyaluronic acid (HA) 
 ADDIN EN.CITE 
(Petrella et al. 2007; Petrella et al. 2009)
, diclofenac, 150 mg (75 mg twice daily) (Duncan and Farr 1988) and Jump Stretch Flex Band programme (JSFB) (Van der Linde and Oschman 2011). However, treating grade 1 ankle sprain with near-continuous live high-voltage pulsed current (HVPC), compared to placebo treatment resulted in longer TTRTP (Mendel et al. 2010). (Table 4).
Prospective observational studies

The prospective observational studies included in this review investigated the relationship between different prognostic factors and TTRTP. Findings showed that TTRTP was not influenced by either new or recurrent injuries 
 ADDIN EN.CITE 
(Medina McKeon et al. 2014)
. However, measures of Global function, SF 36PF, athlete’s ambulation status 
 ADDIN EN.CITE 
(Cross et al. 2002)
 with and weight-bearing activity scores and self-reported athletic ability 
 ADDIN EN.CITE 
(Wilson and Gansneder 2000)
 were strong predictors for TTRTP (Table 4).
Definition and criteria for RTP

All included studies used TTRTP as a main outcome measure for recovery after ankle sprain. However, they defined RTP differently in each individual studies (Table 5). 
Discussion

The aim of this review was to determine if consensus exists about factors that may influence TTRTP after acute ankle sprain. To simplify the analysis and discussion, potential influencing factors that have been identified from the included articles were categorized into five domains: clinical assessment, functional assessment, treatment methods, medication and history of injury.

Clinical assessment

Clinical assessment refers to findings from subjective and objective examination such as intensity of pain, range of motion, muscle power etc. In this review, four clinical measures were identified: intensity of pain, oedema, range of motion and muscle power. Interestingly, none of these clinical measures were not found to be predictive of TTRTP 
 ADDIN EN.CITE 
(Wilson and Gansneder 2000; Cross et al. 2002)
. Others also found no strong association between ROM and vertical jump test and recovery time for participants with ankle syndesmosis and ankle sprain who did not recover by two weeks 
 ADDIN EN.CITE 
(Sman et al. 2014)
. Pain and difference in muscle strength, compared to the other side, were found to be important criteria to decide safe RTP following hamstring strain 
 ADDIN EN.CITE 
(C.M. Askling 2010; De Vos et al. 2014; Jacobsen et al. 2016)
. Jacobsen et al. (2016) found, combination of initial and follow up assessment of pain, muscle strength and playing the sport of football explain 97% of variance of TTRTP after hamstring injury. In ankle sprain, only a few clinical factors have been investigated. This review identified four clinical factors however, including other clinical factors in future studies might inform better practice by identifying influencing factors for RTP after ankle sprain. Inclusion of reliable clinical tests such as dorsiflexion lunge lest, star excursion balance test, Agility T-test and Sargent/vertical jump test in prospective studies is equally necessary (Clanton et al. 2012). In addition, well-designed future studies that endeavour to count for confounding factors may produce better results. In this review, Wilson and Gansneder conducted clinical assessment within three days of injury and that might have influenced the validity of their results 
 ADDIN EN.CITE 
(Wilson and Gansneder 2000)
. In the first 3 days from injury, symptoms such as pain and swelling might have influenced the outcomes of the clinical assessments. Performing clinical assessments 3-5 days after injury produced better results with a sensitivity of 96% and specificity 84% 
 ADDIN EN.CITE 
(van Dijk et al. 1996; Aradi and Wong 1997)
.

Functional assessment 

Functional assessment refers to measuring body functions, activities and participation in a particular context such as sport, commuting and activities of daily life (WHO 2002). This review identified four functional measures that have been used to indicate their effect on RTP after ankle sprain. 
 ADDIN EN.CITE 
Wilson and Gansneder (2000)
 adopted a set of weight bearing activities that include 40-metre walk, 40-metre run, figure-8-run, single hop, cross-over hop and stairs hop. They also included self-reported athletic ability as measured by visual analogue scale (VAS). Whereas, others investigated global function and physical function (SF36F) 
 ADDIN EN.CITE 
(Cross et al. 2002)
. All these measures were found to be predictive factors for TTRTP after ankle sprain. Functional assessments have been used as objective measurements to determine an athlete’s ability to RTP (Clanton et al. 2012). Therefore, integrating functional measures when deciding safe RTP could be very important. For instance, the SF36 health survey questionnaire was found to be reliable and valid for use as a functional outcome measure for the general population in primary health care settings (Brazier et al. 1992). Using such easy patient self-administered outcome measures may help determine optimal recovery from injuries including ankle sprains. In addition, investigating those functional outcome measures in prospective studies as potential prognostic factors is recommended.

Treatment methods

Most articles included in this review examined the relationship between conservative treatment methods and RTP. They investigated a variety of conservative treatment methods such as functional treatment, immobilization, compression stockings, joint mobilization, Nintendo Wii Fit™ exercise therapy, wobble board, HVPC, JSFB and HA. No contradicting results were found in this review. Functional treatment was the only factor that has been investigated in more than one trial 
 ADDIN EN.CITE 
(Karlsson et al. 1996; Ardevol et al. 2002; Van der Linde and Oschman 2011)
. In those trials, it was found to shorten the duration for an athlete to return to sporting activities. Functional treatment was found to have superior results over other types of conservative treatments of ankle sprains 
 ADDIN EN.CITE 
(Lamb et al. 2009; Lardenoye et al. 2012; Prado et al. 2014; Naeem et al. 2015)
. It was concluded that treating ankle sprain with functional treatment rather than immobilization might lead to better results including shorter time to return to sporting and daily life activities 
 ADDIN EN.CITE 
(Freeman 1965; Karlsson et al. 1996; Green et al. 2001; Ardevol et al. 2002)
. In this review, shorter time to RTP was recorded in groups that have been provided with early mobilization and functional treatments 
 ADDIN EN.CITE 
(Karlsson et al. 1996; Green et al. 2001; Ardevol et al. 2002; Van der Linde and Oschman 2011)
. These studies investigated patients with grades of ankle injury ranging from mild to severe. Two of them took account of testing joint instability to decide the severity of injury 
 ADDIN EN.CITE 
(Karlsson et al. 1996; Ardevol et al. 2002)
. However, one study used ultrasound technique (Van der Linde and Oschman 2011) and another study depended on palpating joint tenderness to diagnose the involvement of the different lateral ankle ligaments 
 ADDIN EN.CITE 
(Green et al. 2001)
. Testing the clinical joint instability is very important to characterize and eventually grade the severity of injury (Ferran and Maffulli 2006). For instance, using a talar tilt test or stress radiographs may provide more information about the ligament laxity for laterally located ligaments and anterior draw test for anterior talofibular ligament, which in turn may support the findings of other clinical assessments. A clear criteria to differentiate the grades of injury of ankle sprain and their relationship with recovery is important in order to avoid unnecessary confusion. In addition, the amount of follow-up in 
 ADDIN EN.CITE 
Green et al. (2001)
 was 14 days, which might not be adequate to decide the recovery of ligament injury. Ideally, ligament healing takes at least 6 weeks to 3 months to occur and even longer to regain full strength and stability (Hubbard and Hicks-Little 2008). It might be difficult to determine the effect of specific treatment methods, at least in moderate to severe ligament injury, without considering adequate time for the injured ligament to repair. 

Other treatment methods identified in this review were compression stockings (Bendahou et al. 2014) and HA 
 ADDIN EN.CITE 
(Petrella et al. 2007; Petrella et al. 2009)
. TTRTP was significantly shorter in the group treated with compression stockings as compared with that treated with placebo compression. It is a common practice especially in the emergency department to provide patients with acute ankle sprain with compression stockings. However, there is lack of evidence to support their clinical application over other conservative treatment methods (Pollard and Cronin 2005). Previous studies that supported the use of compression stockings and elastic bandaging presented with poor quality of evidence, making it difficult to draw valid conclusions (Hansrani et al. 2015). To our knowledge, only one study, which is included in this review, that investigated compression stocking on TTRTP after ankle sprain found it more effective than placebo compression (Bendahou et al. 2014). It would be interesting to determine the effect of compression carried out with other common conservative treatments such as RICE, mobilization and exercises. Usual treatment program for ankle sprain consists of RICE and/or other treatment methods such as exercises and joint mobilization techniques 
 ADDIN EN.CITE 
(Kerkhoffs et al. 2012)
.
Previous studies showed that Intraarticular injections with HA was effective in treating tennis elbow (Petrella et al. 2010), non-radicular chronic lumbar pain (Fuchs et al. 2005) and after tendon surgery (Abate et al. 2014). The current review included one study that compared the effectiveness of periarticular injection with hyaluronic acid with standard of care RICE and placebo injection with standard care 
 ADDIN EN.CITE 
(Petrella et al. 2007; Petrella et al. 2009)
. Results showed significant improvement in all outcome measures including TTRTP. Despite the positive results, they should be interpreted with caution because they were drawn from a single study.

Medication

The use of non-steroidal anti-inflammatory drugs (NSAIDs) is widely used to reduce pain, swelling and improve function following different musculoskeletal conditions including ankle sprain 
 ADDIN EN.CITE 
(van den Bekerom et al. 2015)
. Two studies were included in this review that investigated the effect of NSAIDs on TTRTP after ankle sprain injury 
 ADDIN EN.CITE 
(Duncan and Farr 1988; Mendel et al. 2010)
. Neither of which found a statistical association between the use of NSAIDs and TTRTP. Duncan and Farr found that although the group treated with diclofenac resumed sporting activity earlier than the other group the difference was not statistically significant (Duncan and Farr 1988). The other study found no statistical difference between the two treatment groups in terms of the percentage of injury time when NSAIDs were taken (Mendel et al. 2010). Future investigations that address methodological issues identified in these two articles are warranted. Consideration of appropriate recruitment of participants and measurement of outcome measures in particular may produce better results.
History of injury

History of previous injury was considered a risk factor for many injuries including ankle injuries 
 ADDIN EN.CITE 
(McKay et al. 2001; Swenson et al. 2009)
. In basketball, ankle injury was found to be five times more in those players who had history of previous ankle injury (McKay et al. 2001). This review included one study that prospectively investigated the effect of history of ankle sprain on RTP and found no significant difference between patients with new and recurrent ankle sprain (McKeon et al. 2014). Although that study collected data about sex, sport and referrals, they did not examine them for their influence on TTRTP. These potential confounders, sex, sport and referrals might have influenced the results. In addition to these factors, age, body mass index and health status can be also investigated for their relationship with RTP. These factors have been partly or collectively investigated for their relationship with RTP in other injuries such as anterior cruciate ligament 
 ADDIN EN.CITE 
(Muaidi et al. 2007; Brophy et al. 2012)
 and hamstring strain 
 ADDIN EN.CITE 
(Moen et al. 2014; Jacobsen et al. 2016)
. 

Definition and criteria of RTP

In this review, all studies used TTRTP as an outcome measure to determine recovery threshold after ankle sprain. Most studies in this review did not provide a clear definition for RTP. For instance, it was defined as return to sports 
 ADDIN EN.CITE 
(Green et al. 2001)
, Back to participation (McKeon et al. 2014), fit to play (Mendel et al. 2010) and being able to return to sport (Punt et al. 2016). In addition, most studies in this review failed to provide a clear criteria for return to sport after ankle sprain 
 ADDIN EN.CITE 
(Duncan and Farr 1988; Karlsson et al. 1996; Wilson and Gansneder 2000; Green et al. 2001; Mendel et al. 2010; Bendahou et al. 2014; McKeon et al. 2014; Punt et al. 2016)
. Unclear definition and criteria for RTP has always created confusion and disagreement when assessing the readiness of an athlete to be allowed to resume sporting activity once again
 ADDIN EN.CITE 
(Anderson 2002; van Rijn et al. 2008b; Clanton et al. 2012; Richie and Izadi 2015b)
. A consensus statement was made by an expert panel of a group of physicians in the US to address how an athlete should be returned to sporting activity after a specific injury (Herring et al. 2002). They defined RTP as “the decision for safe and timely return of an injured or ill athlete to practice or competition”. They provided a criteria for safe RTP that included the following:

· Restoration of sport-specific function to the injured part.

· Restoration of musculoskeletal, cardiopulmonary and psychological function, as well as overall health of the injured or ill athlete.

· Restoration of sport-specific skills

· Ability to perform safely with equipment modification, bracing, and orthoses.

· The status of recovery from acute or chronic illness and associated sequelae.

· Psychosocial readiness.

· The athlete poses no undue risk to themselves or the safety of other participants.

· Compliance with American federal, state, local and governing body regulations and legislation.

 Unfortunately, most of those requirements were not considered in the articles that were included in this review. An athlete trainer or treating physiotherapist or patients themselves subjectively took most of decisions for RTP. Perhaps that is why most patients develop long-term complications such as chronic pain, swelling, restricted movements, chondral lesions, joint instability and re-sprains 
 ADDIN EN.CITE 
(Gerber et al. 1998; Hertel 2000; Takao et al. 2003; van Rijn et al. 2008b; Malliaropoulos et al. 2009; van Middelkoop et al. 2012; Petersen et al. 2013)
. A narrative review provided evidence based guidelines for RTP for patients with ankle injuries including ankle sprains (Clanton et al. 2012). They concluded that testing balance and proprioception (The Star Excursion Balance Test), strength (Sargent/Vertical Jump Test), range of motion (The Dorsiflexion Lunge Test) and agility (Agility T-Test) along with psychological stress might assist in deciding the readiness to RTP. These recommendations were not implemented or tested in later trials. Future research should develop a clear and well-defined criteria for RTP after ankle sprain injury. In addition, RCTs should clearly describe the criteria that has been used to decide RTP in order to inform better practice.
Recommendations

The review systematically examined the available literature in order to inform the decision for RTP. There were many issues highlighted in this review such as the factors that influence RTP and the definition and criteria for RTP after ankle sprain. Many factors were identified, in this review, that decrease RTP such as intensity of pain, weight-bearing activities, self-reported athletic ability, global function question, physical function scale, functional treatment, compression stockings, anteroposterior mobilization, HA, JSFB and diclofenac medications. Those factors should be integrated and tested in future prospective studies. Testing the influence of these factors in presence of other demographic and clinical factors for example age, sex, BMI, sport type, training intensity, is also recommended to understand the whole picture of safe RTP. Future research should consider recruiting various age groups who practice different types of sports at different intensities in order to individualize RTP timelines for different sport populations. In addition, there should be a consensus about definition and criteria for RTP following conservatively treated ankle sprain. A unified and evidence based definition and criteria of RTP may help sport health teams, coaches, players and parents to take better decisions. Safe decisions for RTP may in turn improve current clinical practice and minimize unfavourable chronic complications. These recommendations are in line with findings from other narrative reviews that urged clinicians and researchers to develop clear definition and criteria for RTP after ankle sprain 
 ADDIN EN.CITE 
(Anderson 2002; Clanton et al. 2012; Richie and Izadi 2015a)
.

Strengths and potential limitations
To our knowledge, this is the first systematic review that has investigated the influencing factors for RTP after ankle sprain injury. We have critically appraised the quality of the included studies in order to produce robust evidence based results. A broad criteria for the data search was adopted by accessing different data sources such as online databases, grey literature, Google Scholar and reference list of the included studies. A multidisciplinary team that consisted of a physiotherapist, two podiatrists and a sport science researcher developed the search terms and strategy. In addition, two reviewers critically appraised each individual study to minimize risk of bias. 

As any other review, some potential limitations need to be acknowledged. Although there was a broad search strategy, there might be a chance that some data was not accessed. One researcher (SB) conducted the search and identification of potential eligible studies. Introducing another person to verify the inclusion of studies at this stage was not possible due to limited resources. However, the search strategy was followed carefully in order to reduce any risk of selection bias. 

Limitations in respect of the results of this review may include the heterogeneity of the included studies. Most studies in this review separately investigated influencing factors thus it was difficult to make a valid conclusion. Most studies failed to clearly define and list the criteria for RTP therefore it was not possible to accurately determine recovery threshold after treatment. Some studies in this review provided a very general statement about the definition and criteria for RTP, which was not adequate to make a conclusion about safe RTP after ankle sprain. 

Methodological quality of future studies that investigate influencing factors of RTP following conservatively treated acute ankle sprain need to be improved. Lack of blinding might lead to selection bias and therefore lead to incorrect estimation of study results. Sample size seemed to be a major issue especially in the included observational studies and that may have affected their findings. Future studies with appropriate power calculation or estimate of sample size will reduce risk of bias and will eventually increase the validity of results. There were also confounders that have not been investigated and might have affected the results such as age, sex, BMI, history of injury and past sport activity. These factors might be important to consider in future observational studies in order to appropriately determine recovery threshold following acute ankle sprain. 

Conclusion

Ankle sprain is a common injury among sport and non-sport populations, yet this review has found that no consensus exists on when to RTP. Whilst, caution should be taken when generalizing these results due to the heterogeneity of studies and inability to clearly define and list the criteria for safe RTP, it remains important that investigators and clinicians follow an agreed, validated definition and criteria for RTP for patients with ankle sprain injury to support patterns of care. Additionally, the majority of investigations in this review did not include information such as age, sex, BMI, level of sport or injury related factors. Inclusion of these in future work might help to understand the course of injury and therefore assist in constructing safer RTP criteria. Following clear and evidence-based RTP criteria may also help in reducing onset of chronic complication such as pain, restricted joint motion, instability and osteoarthritis thus promote better clinical practice.
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Figure 1 PRISMA flow diagram of the selected studies
Table 1 Downs and Black checklist scores of included randomised control trials.

	
	Downs and Black criteria
	Ardevol et al (2002)
 ADDIN EN.CITE 
(Ardevol et al. 2002)

	Bendahou et al (2014)(Bendahou et al. 2014)
	Duncan and Farr (1988)(Duncan and Farr 1988)
	Green et al (2001)
 ADDIN EN.CITE 
(Green et al. 2001)

	Karlsson et al (1996)(Karlsson et al. 1996)
	Mendel et al(Mendel et al. 2010)
	Petrella et al(Petrella et al. 2009)
	Petrella et al(Petrella et al. 2007)
	Punt et aL(Punt et al. 2016)
	Van der Linde and Oschman 2011 (Van der Linde and Oschman 2011)
	Wester et al
 ADDIN EN.CITE 
(Wester et al. 1996)


	1
	Clear hypothesis/aim/objective
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2
	Outcomes described
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	3
	Subjects described
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1

	4
	Interventions described
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	5
	Principal confounders in each group of subjects clearly described
	2
	2
	2
	1
	2
	1
	1
	1
	2
	0
	0

	6
	 Main findings clearly described
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	7
	Measures of random variability
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0

	8
	Important adverse effects reported
	0
	1
	1
	0
	0
	1
	1
	1
	1
	0
	0

	9
	Characteristics of patients lost to follow-up been described
	0
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	10
	Reporting of probability values
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0

	11
	Subjects asked to participate are representative of entire population
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	12
	Included subjects are representative of entire population
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	13
	Intervention was representative of that in use in the source population.
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	0

	14
	Subjects blinded to intervention
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0

	15
	Assessors blinded to measurement
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0

	16
	Planned analysis
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	17
	Time period between the intervention and outcome the same for cases and controls
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1

	18
	Appropriate statistics
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	19
	Compliance with the intervention/s reliable?
	0
	1
	1
	1
	0
	0
	1
	1
	0
	0
	0

	20
	Accuracy of outcome measures
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1

	21
	All participants recruited from the same population
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	22
	All participants recruited over the same period of time
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0

	23
	Subjects randomised to intervention group
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	24
	Concealed randomisation
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1

	25
	Adequate adjustment for confounding in the analyses
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	0

	26
	Losses of patients to follow-up taken into account
	0
	1
	0
	1
	1
	1
	1
	1
	1
	0
	0

	27
	Sufficient power calculations
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0

	Total score/28
	17
	23
	23
	20
	16
	22
	24
	24
	22
	11
	13


2 (Yes), 1 (Yes or Partially in case 2 is available as an option), 0 (No)

Table 2 CASP checklist scores of the included observational studies.

	
	CASP criteria
	McKeon et al(McKeon et al. 2014)
	Cross et al
 ADDIN EN.CITE 
(Cross et al. 2002)

	Wilson and Gansneder
 ADDIN EN.CITE 
(Wilson and Gansneder 2000)


	1
	Clearly focused issue stated
	1
	1
	1

	2
	Appropriate recruitment
	0
	n/c
	0

	3
	Exposure accurately measured to minimise bias
	1
	1
	1

	4
	Outcome accurately measured to minimise bias
	1
	1
	1

	5
	Confounding factors identified
	n/c
	0
	0

	6
	Confounding factors accounted
	0
	0
	0

	7
	Subjects’ follow up is complete
	1
	0
	0

	8
	Subjects’ follow-up is long enough
	0
	1
	1

	9
	Clear results
	1
	0
	1

	10
	Precise statistical results 
	0
	1
	1

	11
	Results are believable
	0
	0
	0

	12
	Ability to generalise results to local population
	1
	0
	0

	13
	Interpretation related to the existing evidence
	1
	1
	1

	14
	Clear  implications of this study for practice
	1
	0
	n/c

	
	Quality score (QS)
	8/14
	6/14
	7/14


1 yes, 0 no, n/c not clear

Table 3 Summary of papers included in the review

	Study
	Study design
	Population/ characteristics of participants
	Independent  variables
	Dependent  variable/s
	Follow-up
	Results

	Ardevol J, et al 2002
 ADDIN EN.CITE 
(Ardevol et al. 2002)

	RCT
	121 patients with grade 3 ankle sprain treated in emergency dept.

Age under 35 years

93 men and 28 women
	Treatment methods: 

1.Immobilization

2. Functional treatment
	1. Objective laxity

2. Subjective functional instability, swelling, pain and stiffness

3. Sporting level on return to physical activity.

4. Time before returning to sport
	3,6 and 12 months
	Functional group showed significantly earlier and better return to physical activity

Functional treatment also showed better decrease in joint laxity. No intergroup differences were found in the re-injury rate.

	Bendahou et al(Bendahou et al. 2014)
	RCT
	126 patients, 18 -55 years with recent (less than 48 hours) ankle sprain seen in an emergency department.

66 men and 51 women
	1.Compression stockings

2.Placebo Compression
	1. Time to recovery of normal painless walking without requirement for analgesic drug. 

2.Time to return to sport activity

3.Pain, analgesic consumption, and ankle oedema
	90 days
	No significant differences in pain, analgesic consumption, and bimalleloar and midfoot circumferences.

Time to return to sport activity was significantly shorter in patients treated with compression stockings.

Median time was 38(30-60) days in the compression-stocking group and 60 (35-81) days in the placebo group.

	Cross et al
 ADDIN EN.CITE 
(Cross et al. 2002)

	Prospective observational
	20 intercollegiate athletes from National Collegiate Athletic Association (NCAA)

(7 men, 13 women; mean age = 19.2 ± 1.1 years
	Visual analogue pain scale, global function question, 

Short Form–36 Physical Function scale (SF36PF), ankles active range of motion (AROM) and isometric strength
	Number of days to return to sport (days)
	Last participant returned to play on 40th day
	Global function question, SF 36PF and athlete’s ambulation status are strong predictors of TTRTP.

	Duncan JJ and Farr JE(Duncan and Farr 1988)
	RCT
	139 patients with acute sprains and/or strains of the knee or ankle within the previous 36 hours.

Knee (n=31), Ankle (n=88)

Mean age 25 years

85 men and 11 women
	1.Diclofenac, 150 mg (75 mg twice daily)

2.Aspirin, 3.6 g (1.2 g three times daily)
	1. Swelling and limitation of active range of motion and patient assessment of pain on active motion.

2.Days required to resume athletic activities
	10 days
	1. Insignificant difference between groups for swelling, limitation of range of motion and self-reported pain.

2.Diclofenac group resumed athletic activities in a mean of 4.7 days, compared with a mean of 5.9 days for patients in the aspirin group

	Green et al
 ADDIN EN.CITE 
(Green et al. 2001)

	RCT
	41 subjects with acute ankle inversion sprains (undefined grade of injury) with less than 72 hours from emergency dept.

26 men and 12 women

Mean age experimental group (26.1 ± 2.0) and control (24.9 ± 1.6).
	1.Anteroposterior mobilization (intervention) 

2. A protocol of RICE (control).
	1.Dorsi flexion and gait characteristics

2.Return to sport
	14 days
	1. Intervention group required fewer treatment sessions to achieve full pain-free dorsiflexion, had greater improvement in range of movement

before and after each of the first 3 treatment sessions and had greater increases in stride speed during the first and third treatment sessions

2.Patients in intervention group, returned to sports (n=13) after 12.2 days

Patients in control group, returned to sports (n=16) after 13.4 days.

	Karlsson et(Karlsson et al. 1996)
	RCT
	86 patients with acute (<24 h) grade 2 or 3 lateral ligament ruptures

57 men and 29 women

Mean age was 22 (16-38) years
	1. Functional treatment using specially designed compression pads, elevation of the injured foot (24 h), repeated elastic wrapping (compression bandage followed by ankle tape), early full weight bearing and proprioceptive range-of-motion training.

2.Conventional treatment with an elastic bandage, partial weight bearing and crutches until the pain subsided
	Return to sport

Number of days
	Mean follow-up period was 18 months.
	1. Return to sports activities was significantly earlier in functional treatment group, 9.6±4.8 days compared with 19.2±9.5 days in conventional treatment group.

2. Mean sick leave was significantly shorter in functional treatment group; 5.6±4.2 days compared with 10.2±6.8 days in conventional treatment group.

	Medina McKeon et al(McKeon et al. 2014)
	Observational
	204 high school athletes with ankle sprain

140 men, 65 women
	History of injury:

New or recurrent injury
	RTP intervals: same day return, next day return, 3-day return, 

7-day return, 10-day return, 21-day return, ˃22-day return,
	21 days
	No significant difference (p = 0.89) between the time until RTP curves for new and recurrent ankle sprains

	Mendel et al(Mendel et al. 2010)
	RCT
	50 intercollegiate and professional athletes aged 17 - 33 years
	1.Treatment (n = 22): Near-continuous live High-Voltage Pulsed Current (HVPC)

2.Control (n = 28): Placebo HVPC for 72 h post-injury in addition to routine acute and subacute care
	Time lost to injury measured from time of injury until declared fit to play.
	
	1. Overall, no different between treated and control groups.

2. Treated grade 1 sprains had longer TTRTP than control (p=.049).

3.No differences between groups for grade II sprains (p=.079)

	Petrella et al(Petrella et al. 2007)
	RCT
	158 competitive athletes with acute grade 1 or 2 lateral ankle sprain

Mean age 26±7 years

hyaluronic acid (HA) and 24±8 years for the placebo injection (PL) group
	1.Periarticular injection with hyaluronic acid (HA) + standard of care RICE

2.Placebo injection (PL) + standard of care RICE treatment
	1.Pain scale (VAS) (0–10 cm) on weight bearing and walking 20 m

2.Patient global assessment of ankle injury (5-point categorical scale)

3.Patient satisfaction with treatment (5-point categorical scale)

4.Time to return to pain-free and disability-free sport

5. Adverse events.
	4, 8, 30 and 90 days
	1. Significant reduction in VAS pain on weight bearing at day 8, 30 and 90 for HA compared with PL (P < 0.05).

2. Significant reduction in VAS pain on walking at day 8 for HA compared with PL (P < 0.05).

3. Significantly greater patient satisfaction for HA versus PL at days 4 (P< 0.05), 8 (P< 0.001), 30 (P< 0.001), and 90 (P, 0.05).

4. Patient global assessment of ankle injury was significantly better compared with baseline in the HA group at day 8, but this was not different between groups. 

5. Time to pain-free and disability-free return to sport was 11 (±8) versus 17 (±8) days for HA and PL, respectively (P < 0.05).



	Petrella et al(Petrella et al. 2009)
	RCT
	Same as in Petrella et al 2007
	Same as in Petrella et al 2007
	Same as in Petrella et al 2007

Plus:

1.Recurrent ankle sprain

2.Total number of days missing from primary sport activity


	4, 8, 30, 90 and 712
	1. Significant reduction in VAS pain on both weight bearing and walking at all follow-up assessments for HA compared with PL (P < 0.001).

2. Time to pain-free and disability-free return to sport was 11 (± 8) versus 17 (± 8) days for HA and PL, respectively (P < 0.05). 

3.At 24 months, in the PL versus HA group, there were 2 versus 0 lower limb fractures, 16 versus 7 second ankle sprains (P <  0.05), 3 versus 1 third ankle sprains, 4.Significantly greater number of days missing primary sport activity (41 versus 21; P <  0.002).

	Punt et al(Punt et al. 2016)
	RCT
	Patients with mild (grade I) or moderate (grade II) lateral ankle sprain

Aged from 18 to 64 years
	1 Nintendo Wii Fit™ exercise therapy (n=30)

2.Physical therapy group (n=30) 

3.Control group (n=30), received no treatment
	1. Foot and Ankle Ability Measure (FAAM) questionnaire. 

2. VAS for pain at rest and while walking.

3.RTP

4.Patients’ satisfaction

5. Subjective perception of the effectiveness of the allocated treatment.
	6 weeks
	1. No treatment effect difference between the groups at 6 weeks follow-up.

2. No difference in pain at baseline and at 6-week follow-up between the groups.

3.No difference in RTP between all groups

4.No differences between the groups for both variables – satisfaction and effectiveness



	Van der Linde and Oschman 2011(Van der Linde and Oschman 2011)
	RCT
	25 sport patients with acute lateral ankle sprain aged 18-40 years.
	Jump Stretch Flex Band (JSFB) programme and conventional ankle rehabilitation programmes
	1.The time from injury to return to sport

 2.Means of swelling, thickness and appearance.
	-
	Shorter TTRTP with the JSFB programme

	Wester et al
 ADDIN EN.CITE 
(Wester et al. 1996)

	RCT
	61 active athletes more than 2 hours a week with primary ankle sprains

19 women and 29 men with a mean age of 25 (+7.2)
	1. Twelve week training program with wobble board

2.no training
	1. Pain at rest, during walking, or during sports activities (yes/no).

2.Edema
	1,6 and 12 weeks
	1.No significant difference in oedema

2. No differences in the time which elapsed before patients were painless at walking, during running or at sports between the groups

	Wilson et al
 ADDIN EN.CITE 
(Wilson and Gansneder 2000)

	Prospective multivariate design
	21 intercollegiate athlete who compete in NCAA Division I sports

13 men and 8 women

Mean age = 20.3 + 1.7 years
	Joint swelling, ROM,  and activity score by performing 6 weight-bearing activities and Self-reported Athletic Ability (VAS)
	Disability duration (TTRTP).
	-
	Weight-bearing activity scores and self-reported athletic ability, were stronger predictors of TTRTP


Table 4 Summary of factors influencing TTRTP
	Factors
	Influencing/ predicting TTRTP

	Clinical assessment
	Intensity of pain 
 ADDIN EN.CITE 
(Cross et al. 2002)

	No

	
	Oedema 
 ADDIN EN.CITE 
(Wilson and Gansneder 2000)

	No

	
	Ankles active range of motion (AROM)
 ADDIN EN.CITE 
(Wilson and Gansneder 2000; Cross et al. 2002)

	No

	
	Isometric strength
 ADDIN EN.CITE 
(Cross et al. 2002)

	No

	
	Severity of injury, grade 1 treated with near-continuous live high-voltage pulsed current (HVPC) versus placebo HVPC for 72 h post-injury (Mendel et al. 2010)
	Yes, longer TTRTP

	Functional assessment 

	Weight-bearing activities
 ADDIN EN.CITE 
(Wilson and Gansneder 2000)

	Yes, predictive

	
	Self-reported Athletic Ability (VAS)
 ADDIN EN.CITE 
(Wilson and Gansneder 2000)

	Yes, predictive

	
	Global function question
 ADDIN EN.CITE 
(Cross et al. 2002)

	Yes, predictive

	
	Physical function scale (SF36PF)
 ADDIN EN.CITE 
(Cross et al. 2002)

	Yes, predictive

	Treatment methods


	Functional treatment versus immobilization 
 ADDIN EN.CITE 
(Ardevol et al. 2002)

	Yes, shorter TTRTP

	
	Compression stockings versus Placebo Compression(Bendahou et al. 2014)
	Yes, shorter TTRTP

	
	Anteroposterior mobilization (intervention) versus a protocol of RICE (control)
 ADDIN EN.CITE 
(Green et al. 2001)

	Yes, shorter TTRTP

	
	Functional treatment using specially designed compression pads, elevation of the injured foot (24 h), repeated elastic wrapping (compression bandage followed by ankle tape), early full weight-bearing and proprioceptive range-of-motion training versus conventional treatment with an elastic bandage, partial weight bearing and crutches until the pain subsided(Karlsson et al. 1996)
	Yes, shorter TTRTP

	
	Nintendo Wii Fit™ exercise therapy (n=30) versus physical therapy group (n=30) versus control group (n=30), received no treatment(Punt et al. 2016)
	No

	
	Twelve week training program with wobble board versus no training
 ADDIN EN.CITE 
(Wester et al. 1996)

	No

	
	Near-continuous live High-Voltage Pulsed Current (HVPC) versus placebo HVPC for 72 h post-injury(Mendel et al. 2010)
	No

	
	Periarticular injection with hyaluronic acid (HA) + standard of care RICE versus placebo injection (PL) + standard of care (RICE) treatment
 ADDIN EN.CITE 
(Petrella et al. 2007; Petrella et al. 2009)

	Yes, shorter TTRTP

	
	Jump Stretch Flex Band (JSFB) programme versus conventional ankle rehabilitation programmes (Van der Linde and Oschman 2011).
	Yes, shorter TTRTP

	
	Time until start of treatment.(Mendel et al. 2010)
	No

	
	Compliance (measured as a percentage of total treatment time) (Mendel et al. 2010)
	No

	Medication
	Diclofenac, 150 mg (75 mg twice daily) versus aspirin, 3.6 g (1.2 g three times daily)(Duncan and Farr 1988).
	Yes, shorter TTRTP

	
	NSAID use (Mendel et al. 2010)
	No

	History of injury:
	New injury versus recurrent injury
 ADDIN EN.CITE 
(Medina McKeon et al. 2014)

	No


Table 5 Definition and criteria for RTP

	Study
	Study design
	Definition of ankle sprain
	Definition of RTP after ankle sprain
	Criteria for RTP

	Ardevol J, et al
 ADDIN EN.CITE 
(Ardevol et al. 2002)

	RCT
	First phase of a grade III tear of the ATFL or ATFL plus CFL (<72 hours)
	Complete training session
	No pain and/or swelling and/or stiffness

	Bendahou et al(Bendahou et al. 2014)
	RCT
	Recent (<48 hours) ankle

sprain
	Return to normal painless sport activity
	Not provided

	Cross et al
 ADDIN EN.CITE 
(Cross et al. 2002)

	Prospective cohort study
	Acute lateral ankle sprain (<24 hours)
	return to full athletic participation without limitations
	Successfully completed functional testing specific to their sports

	Duncan JJ and Farr JE(Duncan and Farr 1988)
	RCT
	Acute sprains (<36 hours) with moderate or severe swelling, tenderness, and limitation of range of motion.
	Full activity or playing fitness
	Not provided

	Green et al
 ADDIN EN.CITE 
(Green et al. 2001)

	RCT
	Acute ankle inversion sprains (<72 hours)
	Return to sports
	Not provided

	Karlsson et al(Karlsson et al. 1996)
	RCT
	Grade 2 or 3 lateral ligament injury (<24 hours) with moderate to severe swelling and moderate to severe instability, both in the frontal and sagittal planes
	Return to full sports activity, including jumping and running activities
	Not provided

	Medina McKeon et al(McKeon et al. 2014)
	Prospective cohort study
	Injury to the lateral ligamentous or capsular tissue of the ankle.
	Back to participation
	Not provided

	Mendel et al(Mendel et al. 2010)
	RCT
	Grade 1 (mild) or 2 (moderate) lateral ankle sprain (<25 hours)
	Fit to play
	Not provided

	Petrella et al(Petrella et al. 2009)
	RCT
	Acute Grade 1 or 2 lateral ankle sprain (<48 hours)
	Return to normal function/activity in sport
	Pain-free and disability-free sport

	Petrella et al(Petrella et al. 2007)
	RCT
	Acute Grade 1 or 2 lateral ankle sprain (<48 hours)
	Return to normal function/activity in sport
	Pain-free and disability-free sport

	Punt et al(Punt et al. 2016)
	RCT
	Mild (grade 1) or moderate (grade 2) lateral ankle sprain.
	Being able to return to sport
	Not provided

	Van der Linde and Oschman 2011(Van der Linde and Oschman 2011)
	RCT
	Acute grade 1 and 2 first time lateral ankle ligament sprain
	Return to competitive level of sport
	Not provided

	Wester et al
 ADDIN EN.CITE 
(Wester et al. 1996)

	RCT
	Primary ankle sprains

(stage 2)
	Not provided
	Painless during walking and during sports

	Wilson et al
 ADDIN EN.CITE 
(Wilson and Gansneder 2000)

	Prospective cohort study
	Grade 1 or 2 ankle inversion sprain
	Return to full participation in practice or competition
	Not provided


Appendix 1 Main terms and search strategy

1. AMED - The Allied and Complementary Medicine Database

	#
	Search Terms
	

	S1
	TI Ankle OR TI (lateral N2 ligament) OR TI (ankle N1 joint*) OR TI inversion
	4,007

	S2
	AB Ankle OR AB (lateral N2 ligament) OR AB (ankle N1 joint*) or AB (inversion)
	6,107

	S3
	S1 OR S2
	7,588

	S4
	TI Sprain* OR TI Strain* OR TI Rupture* OR TI injur* OR TI tear* TI (ankle N1 (injur* or sprain*))
	13,058

	S5
	AB Sprain* OR AB Strain* OR AB Rupture* OR AB injur* OR AB tear OR AB (ankle N1 (injur* or sprain*))
	18,325

	S6
	S4 OR S5
	23,745

	S7
	S3 AND S6
	1,939

	S8
	TI (return* N3 (sport* OR activ* OR train* OR play* OR compet* OR participat*)) OR TI (disab* N3 duration*)
	190

	S9
	AB (return* N3 (sport* OR activ* OR train* OR play* OR compet* OR participat*)) OR AB (disab* N3 duration*)
	981

	S10
	TX ( return* N3 (sport* OR play OR activit* OR train* OR compet* OR participat*))
	944

	S11
	S8 OR S9 OR S10
	1,061

	S12
	S7 AND S11
	93

	Total articles: 93
	


2. CINAHL Plus with Full Text 

	#
	Search Terms
	

	S1
	(MH "Ankle") OR (MH "Lateral Ligament, Ankle") OR (MH "Ankle Joint") OR TI Ankle OR TI (lateral N2 ligament) OR TI (ankle N1 joint*) OR AB Ankle OR AB (lateral N2 ligament) OR AB (ankle N1 joint*)
	21,885

	S2
	(MH "Rupture") OR (MH "Sprains and Strains") OR TI Sprain* OR TI Strain* OR TI Rupture* OR TI injur* OR TI tear*OR AB Sprain* OR AB Strain* OR AB Rupture* OR AB injur* OR AB tear*
	202,361

	S3
	S1 AND S2
	5,667

	S4
	(MH "Ankle Sprain") OR (MH “Ankle injuries”) OR (TI “Ankle Sprain”) OR (AB “Ankle Sprain”) OR (TI “Ankle Injur*”) OR (AB “Ankle Injur*”)
	4301

	S5
	S3 OR S4
	7,433

	S6
	TI ( return* N3 (sport* OR activ* OR train* OR play* OR compet* OR participat*)
	923

	S7
	AB ( return* N3 (sport* OR play* OR activ* OR train* OR compet* OR participat*) 
	4,732

	S8
	((MH "Recovery") OR (MH "Recovery, Exercise) OR (MH “sports Re-Entry”)) 
	24,106

	S9
	TI ( (disab* N3 duration*)
	29

	S10
	AB (disab* N3 duration*)
	347

	S11
	TX (return* N3 (sport* OR play* OR activit* OR train* OR compet* OR participat*))
	11,410

	S12
	S6 OR S7 OR S8 OR S9 OR S10 OR S11
	35,417

	S13
	S5 AND S12 
	563

	
	Narrow by: English AND Academic Journals
	458

	Total articles: 458
	


3. EMBASE

	#
	Search Terms


	

	S1
	ankle/ or ankle lateral ligament/ or ankle.ti,ab. OR (ankle adj joint$).ti,ab. OR (ankle adj lateral adj ligament).ti,ab.
	71815

	S2
	Sprain/ OR ligament rupture/ OR rupture/ OR (Sprain$ OR Strain$ OR Rupture$ OR injur$ OR tear$).ti,ab. OR (inversion adj sprain$).ti,ab.
	1758955

	S3
	S1 AND S2
	14749

	S4
	Ankle Injury/ OR Ankle Sprain/ OR (Ankle adj sprain$).ti,ab. OR (Ankle adjInjur$).ti,ab.
	9843

	S5
	S3 OR S4
	18889

	S6
	(return$ adj3 (sport$ ORactivit$ OR train$ OR play$ ORcompet$ OR participat$)).ti,ab. OR exercise recovery/ OR return to sport/ OR (disab* N3 duration*).ti,ab.
	16556

	S7
	S4 AND S5
	560

	Total articles: 560
	


4. MEDLINE (EBSCO)

	#
	Search Terms


	

	S1
	(MH "Ankle") OR (MH "Lateral Ligament, Ankle") OR (MH "Ankle Joint") OR TI Ankle  OR TI (lateral N2 ligament) OR TI (ankle N1 joint*) OR AB Ankle OR AB (lateral N2 ligament) OR AB (ankle N1 joint*)
	56,074

	S2
	(MH "Rupture") OR (MH "Sprains and Strains") OR TI Sprain* OR TI Strain* OR TI Rupture* OR TI injur* OR TI tear*OR AB Sprain* OR AB Strain* OR AB Rupture* OR AB injur* OR AB tear*
	1,457,448

	S3
	S1 AND S2
	12,514

	S4
	(MH "Ankle injuries") or (TI “Ankle Sprain*”) or AB (Ankle N3 (Sprain* or Injur* or Injur* or tear or rupture* or inversion)) or ((TI “Ankle N3 (Sprain* or Injur* or tear or rupture* or inversion)) or (inversion N1 sprain*) OR AB (inversion N1 sprain*)
	11,190

	S5
	S3 OR S4
	17,335

	S6
	(TI return) N ((TI sport* or TI activ* or TI train* or TI play* or TI compet*) OR (AB sport* or AB activit* or AB train* or AB play* or AB compet*)) OR TI ( (disab* N3 duration*) OR AB (disab* N3 duration*)
	1,613

	S7
	(MH "Recovery of function") 
	43,385

	
	TX (“return* to sport*”) OR (return* N3 activit*)
	10,963

	S8
	S6 OR S7
	44,932

	S11
	S5 AND S10
	701

	
	Narrow by: English AND Academic Journals
	664

	Total articles: 664
	


5. PsycINFO

	#
	Search Terms


	

	S1
	DE "Ankle" OR TI Ankle  OR TI (lateral N2 ligament) OR TI (ankle N1 joint*) OR AB Ankle OR AB (lateral N2 ligament) OR AB (ankle N1 joint*)
	2,313

	S2
	TI Sprain* OR TI Strain* OR TI Rupture* OR TI injur* OR TI tear*OR AB Sprain* OR AB Strain* OR AB Rupture* OR AB injur* OR AB tear*
	107,907

	S3
	S1 AND S2
	333

	S4
	(DE "Recovery (Disorders)”)
	11,389

	S5
	(TI return*) N3 ((TI sport* OR TI activ* OR TI train* OR TI play* OR TI compet* OR participate*) OR TI ( (disab* N3 duration*)
	161

	S6
	(AB sport* OR AB activ* OR AB train* OR AB play* OR AB compet* OR participate*)) OR AB (disab* N3 duration*)
	1,158,482

	S7
	TX (return* N3 (sport* OR play* OR activit* OR train* OR compet* OR participat*))
	1,725

	S8
	S4 OR S5 OR S6 OR S7
	1,167,025

	S9
	S3 AND S8
	210

	
	Narrow by: English AND Academic Journals
	146

	Total articles: 146
	


6. Scopus

	#
	Search Terms
	

	S1
	TITLE-ABS-KEY (ankle*) or (lateral W/2 ligament) OR (ankle W/1 joint*) 
	99,016

	S2
	TITLE-ABS-KEY (sprain*) OR (strain*) OR (rupture*) OR (injur*) OR (tear*)
	6,751,390

	S3
	S1 AND S2
	45,503

	S4
	TITLE-ABS-KEY (ankle W/1 (injur* or sprain*))
	13,663

	S5
	S3 OR S4
	14,503

	S6
	TITLE-ABS-KEY (("return to sport*") OR ((return ) W/3  (sport* OR activ* OR train* OR play* OR compet*)))
	15,730

	S7
	S5 AND S6
	837

	S8
	Narrow by: English AND Academic Journals
	573

	Total articles: 574
	


7. Sports discus via EBSCOHost
	#
	Search Terms


	

	S1
	SU Ankle ORTI Ankle 0R ((TI lateral) N3 (TI ligament)) OR TI (inversion) OR AB Ankle OR ((AB lateral) N3 (AB ligament)) OR AB (inversion) OR SU Ankle Lateral Ligament
	17,920

	S2
	(TI Sprain* OR TI Strain* OR TI Rupture* OR TI injur* OR TI tear*) OR (AB Sprain* OR AB Strain* OR AB Rupture* OR AB injur* OR AB tear) OR SU sprains OR SU Strain
	104,193

	S3
	S1 AND S2
	6,983

	S4
	TI (ankle N3 (injur* or sprain*)) OR AB (ankle N3 (injur* or sprain*))
	3,726

	S5
	S3 OR S4
	7,051

	S6
	(TI return*) N3 ((TI sport* OR TI activ* OR TI train* OR TI play* OR TI compet*) OR (AB sport* OR AB activit* OR AB train* OR AB play* OR AB compet*)) OR TI recovery OR AB recovery OR TI “return to sport” OR AB “return to sport” OR TI (disab* N3 duration*) OR AB (disab* N3 duration*)
	24,748

	S7
	TX ( return* N3 (sport* OR play OR activit* OR train* OR compet* OR participat*))
	5,225

	S6
	S6 OR S7
	28,266

	S7
	S5 AND S6
	519

	
	Narrow by: English AND Academic Journals
	387

	Total articles: 387
	


8. Physiotherapy Evidence Database (http://www.pedro.org.au/)

	#
	Search Terms

	S1
	ankle* sprain* "return to play*"simple search in titles and abstracts

	Total articles: 2


9. The Cochrane Library (Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials (CENTRAL)

	#
	Search Terms

	S1
	'Sprain* AND ankle* AND ("return to play*" OR "return to activit*") in Title, Abstract, Keywords in Trials

	Total articles: 6


10. Grey literature was also searched using openGREY

	#
	Search Terms

	S1
	"ankle sprain*"

	Total articles: 11


	Field codes
	Description

	*  
	At the end of a term indicates that this term has been truncated (i.e. multiple endings) 

	ti,ab
	Indicates a search for a term in title/abstract

	/   
	MeSH heading

	adj, N , NEAR        
	Words have to appear next to each other.

	DE
	Descriptors

	TX
	Search in text

	SU
	Subject (specific terms)

	exp
	Explode the subject heading, to retrieve more specific terms

D
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