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AbSTrACT
Objective To describe the criteria used to clear 
athletes to return to sport (RTS) following primary ACL 
reconstruction.
Design Scoping review.
Data sources MEDLINE, Embase, CINAHL and 
SPORTDiscus electronic databases were searched using 
keywords related to ACL and RTS.
Eligibility criteria Prospective or retrospective studies 
reporting at least one RTS criterion for athletes who had 
primary ACL reconstruction with an autograft.
results In total, 209 studies fulfilled the inclusion 
criteria. RTS criteria were categorised into six domains: 
time, strength, hop testing, clinical examination, patient-
report and performance-based criteria. From the 209 
included studies, time was used in 178 studies (85%), 
and in 88 studies (42%) was the sole RTS criterion. 
Strength tests were reported in 86 studies (41%). Sixteen 
different hop tests were used in 31 studies (15%). 
Clinical examination was used in 54 studies (26%), 
patient report in 26 studies (12%) and performance-
based criteria in 41 studies (20%).
Summary Time and impairment-based measures 
dominated RTS criteria, despite sport being a complex 
physical and biopsychosocial activity with demands across 
all aspects of function. Time was included as a criterion 
in 85% of studies, and over 80% of studies allowed RTS 
before 9 months. Whether RTS tests are valid—do they 
predict successful RTS?—is largely unknown.

InTrODuCTIOn
When should an athlete return to sport (RTS) 
after an ACL reconstruction?1 2 Evidence-based 
guidelines2–4 advocate for a test battery to eval-
uate quality and quantity of movement with a limb 
symmetry index (LSI) of at least 90%. However, 
limb symmetry does not indicate the athlete 
has reached the preinjury level of function, the 
preinjury function may be insufficient for safe 
sports participation and performance, and quali-
tative asymmetries can exist despite quantitative 
symmetry.5 6 Inconsistent and contradictory recom-
mendations, which can arise when using a time-
based as opposed to a criterion-based protocol, 
challenge practitioners and athletes when they are 
working together to plan RTS. It is unclear whether 
RTS testing practices reflect recommendations for 
a multifactorial, multidisciplinary approach to RTS 
decision making.7–9 The first step in establishing 
guidance on RTS testing is to understand how such 
testing is approached in the published literature.

A previous review10 describing the criteria used 
to determine unrestricted participation in sport was 
limited in at least four ways: (1) only one electronic 
database (MEDLINE) was searched; (2) only studies 
published between April 2001 and April 2011 were 
eligible for inclusion; (3) the population of interest 
was not clearly defined; and (4) the International 
Classification of Functioning, Disability and Health 
(ICF) criteria were not addressed.11 The ICF frame-
work reflects an athlete-centred approach to under-
standing the current state of RTS testing.

The primary aim of this scoping review was to 
describe the criteria used in published research to 
clear athletes to RTS following primary ACL recon-
struction. The secondary aim was to summarise the 
historical trends of RTS criteria and the current 
status of RTS testing.

METhODS
A scoping review design and methodology was used 
due to the exploratory nature of the research ques-
tion. Scoping reviews are recommended when the 
aim is to collate and comprehensively summarise 
the literature on topics of a substantial and varied 
nature.12 13 Due to the descriptive and exploratory 
nature of scoping reviews, study quality and risk 
of bias assessments are not appropriate and do not 
influence scoping review outcomes.12 13

Identification and selection of studies
We conducted librarian-assisted computer searches 
of the MEDLINE, CINAHL, Embase and SPORT-
Discus electronic databases for studies on discharge 
criteria for RTS following primary ACL reconstruc-
tion. The search was performed on 12 September 
2017 with no date limit. The goal was to maximise 
the sensitivity of our search strategy,14 15 increasing 
the likelihood that all appropriate studies were iden-
tified. The search was limited to humans and English 
language, peer-reviewed publications. The search 
strategies for MEDLINE, CINAHL, Embase and 
SPORTDiscus are listed in online appendix I. The 
reference lists of relevant systematic reviews iden-
tified during the title and abstract screen were also 
hand searched to identify any potentially eligible 
articles that may have been missed in the electronic 
database search.16

Inclusion in this review was based on:
 ► Study design: prospective or retrospective 

intervention or observational studies with a 
population greater than 10 athletes (to avoid 
small case series and case reports that may not 
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Table 1 Variables extracted for this scoping review

Demographic and study information Subjective and objective measures

Year Anthropometry

Country of study origin Range of motion

Sample size Strength

Demographics (age and sex) Ligament testing

Sport at time of injury Patient-reported outcome measures

Level of sport participation Functional testing

Table 2 Return to sport criteria categorisation and 
associated International Classification of Functioning, Disability and 
Health (ICF)17 framework classification

return to sport criteria categorisation
Corresponding ICF17 framework 
classification

Time N/A

Strength Impairments

Clinical examination Impairments

Hop testing Activity (limitations)

Performance-based criteria Participation (restrictions)

Patient report Contextual factors

best represent RTS after ACL reconstruction) published in 
English language. Systematic reviews, conference abstracts, 
case studies, narrative reviews and non peer-reviewed studies 
were excluded.

 ► Participants: athletes (as defined by each study) of any age or 
competition level who had undergone primary ACL recon-
struction with an autograft. At least 80% of participants 
had to be an athlete for the study to be included for review. 
We set a minimum of 80% athletes to maximise the chance 
that participants desired to RTS. We defined non-athletes 
as those who did not participate in sport. If studies did not 
define the population of interest as athletes but stated that 
patients returned to sport, we assumed they were athletes. 
Athletes with concomitant surgical procedures (eg, meniscus 
resection or repair, collateral ligament repair, posterior 
cruciate ligament reconstruction or repair) performed in 
combination with ACLR were included provided the ACL 
reconstruction was the primary procedure (80% of surgical 
procedures performed in the study).

 ► Intervention: at least 80% of athletes in the study under-
went ACL reconstruction with an autograft. Studies where 
allografts, ACL repair or other graft sources were used in a 
primary surgical procedure, and studies where ACL recon-
struction was not the primary procedure performed were 
excluded.

 ► Outcomes: any criterion used for clearance to RTS.
 ► Time: all postsurgical time frames reporting RTS criteria 

were included. There were no limits to year of study 
publication.

All references were downloaded to the Rayyan reference 
management platform ( rayyan. qcri. org), and duplicates were 
removed prior to screening. Two authors independently screened 
titles, abstracts and reviewed articles in full text. During title 
and abstract screening, if at least one reviewer concluded that a 
study met the selection criteria or if it was unclear whether the 
study should be included or excluded, the study was included. 
Discrepancies between reviewers after full-text screening were 
resolved via consensus or discussion with a third reviewer for 
final inclusion.

Data extraction
We extracted the criteria used for clearance to RTS and general 
demographic and surgical data (table 1). Data elements were 
extracted to a custom Excel spreadsheet by one reviewer and 
verified by a second independent reviewer. Disagreements were 
resolved via consensus or discussion with a third reviewer. For 
the majority of studies, RTS criteria were not the main focus of 
the study. Therefore, RTS criteria were most commonly reported 
in the methods section. In studies where RTS criteria were the 
main focus of the study, criteria were reported in the results 
section.

Data management
Demographic data were summarised as frequencies, or arith-
metic mean and SD or median and IQR, as appropriate (Micro-
soft Excel, Microsoft Corporation, Santa Rosa, California). After 
data extraction, we used consensus to identify six main RTS 
criteria categories based on consensus of the logical grouping of 
criteria: time, strength, hop testing, patient-report, clinical exam-
ination and performance-based criteria (table 2). We further clas-
sified these categories (and associated RTS criteria)—reflecting 
the ICF17—as impairment, activity, participation, contextual and 
time criteria (table 2). RTS criteria were summarised as frequen-
cies and presented in summary tables. To summarise time trends 
in RTS criteria, criteria were binned by year of study publication 
1986 to 2017 and presented as a relative proportion of the total 
criteria reported in each year.

rESulTS
The electronic database search yielded 4930 records. We 
included 209 for qualitative review after title, abstract and full-
text review (figure 1). Studies that were excluded after full-text 
review are reported in online appendix II.

Participants
This scoping review summarises the results of RTS testing of over 
22 000 participants with primary ACL reconstruction. Approxi-
mately two-thirds of participants were men, and the mean time 
to RTS was 7.6 months (table 3).

rTS criteria after ACl reconstruction
The previous review of RTS criteria11 included 159 studies 
reporting RTS criteria, and due to minor differences in selection 
criteria, 113 were eligible for inclusion in our scoping review. 
There were 96 articles published since the 2011 review11 that 
were eligible for inclusion in our scoping review.

Time
Time to RTS was reported as a criterion in 178 of the 209 
included studies (85%) (table 4). Time was the sole criterion used 
to clear athletes to RTS in 88 studies (42%). Thirty-one studies 
(15%) did not use time as a RTS criterion. Eighteen studies (8%) 
reported a time frame for RTS clearance; seven studies18–24 (3%) 
reported a range (eg, RTS at 6–12 months) and 11 studies24–34 
(5%) reported different RTS times based on type of sport (eg, 
non-contact at 4 months and contact at 6 months).

Strength tests (impairment measures)
Of the 209 included studies, 86 (41%) included strength as a 
RTS criterion (table 5). Two studies35 36 (1%) used  isokinetic and 
isometric testing measures. Forty per cent of the 50 studies that 
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Figure 1 Study search flow diagram. RTS, return to sport.

Table 3 Demographic characteristics of included studies
Studies 
reporting (% 
of 209)

Patients (n) 22 009

Sex (proportion of men) 65% 94

Athlete level (n=studies  reporting) 57 

  Amateur 97 

  Professional 3

  Mixed 18

  Not reported 91

Preinjury sport participation 

  Soccer 23 

  Basketball 14 

  Volleyball  7

  American football  5

  All other sports 21 

Mean age (SD), years 25.7 (5.3) 96

Median (IQR) time from injury to surgery, 
months

10.2 (4.1–17.9) 45

Median (IQR) postsurgical final follow-up time, 
months

29.5 (22.1–43.9) 56

Mean (SD) time to commence running, months 3.0 (1.0) 55

Mean (SD) time to RTS, months 7.6 (1.6) 16

Table 4 Time as a RTS criterion

Studies reporting,
n (%)

Time criterion 178 (85 of 209)

  <6 months from ACLR 43 (24 of 178)*

  ≥6 months to <9 months 129 (72)*

  ≥9 months to <12 months 18 (10)*

  ≥12 months 6 (3)*

Time as a single criterion 88 (49 of 178)

Time as part of a RTS test battery 90 (51 of 178)

Studies not using time in RTS test battery 31 (15 of 209)

*Numbers sum to >178 because 18 studies reported a RTS time frame and were 
counted in the each of the categories the time frame spanned. References in online 
appendix III.
ACLR, ACL reconstruction; RTS, return to sport. 

used isokinetic strength as part of RTS criteria required a LSI of 
at least 85% for clearance to RTS.

Hop tests (activity measures)
From the 209 included studies, 30 (14%) reported using at least 
one hop test as a RTS criterion (table 6). Of these 30 studies, 22 
(73%) required a LSI of at least 85% for clearance to RTS.
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Table 5 Strength as a RTS criterion

Studies reporting,
n (%)

Strength tests used as RTS criteria 86 (41 of 209)

Isokinetic testing 50 (58 of 86)

LSI ≥90% 11 (22 of 50)

  Quadriceps and hamstring strength at 60°/s 1 (2 of 50)

  Quadriceps and hamstring strength at 180°/s 1 (2)

  Quadriceps and hamstring strength at 60°/s and 180°/s 2 (4)

  Quadriceps and hamstring strength at 90°/s and 180°/s 1 (2)

  Quadriceps and hamstring strength at 180°/s and 300°/s 1 (2)

  Quadriceps and hamstring strength at 60°/s, 180°/s and 
240°/s

1 (2)

  Quadriceps and hamstring strength at 60°/s, 180°/s and 
300°/s

2 (4)

  Strength (parameters not stated) 2 (4)

LSI ≥85% 9 (18 of 50)

  Quadriceps and hamstring strength at 60°/s 1 (2 of 50)

  Quadriceps and hamstring strength at 120°/s 1 (2)

  Quadriceps and hamstring strength at 60°/s and 180°/s 2 (4)

  Quadriceps and hamstring strength at 90°/s and 240°/s 1 (2)

  Quadriceps and hamstring strength (parameters not stated) 4 (8)

LSI ≥80% 11 (22 of 50)

  Quadriceps and hamstring strength at 60°/s 3 (6 of 50)

  Quadriceps and hamstring strength at 90°/s 2 (4)

  Quadriceps and hamstring strength at 60°/s and 180°/s 1 (2)

  Quadriceps and hamstring strength at 80°/s and 160°/s 1 (2)

  Quadriceps strength at 60°/s, 180°/s and 240°/s 2 (4)

  Quadriceps and hamstring strength (parameters not stated) 2 (4)

LSI ≥65% 1 (2 of 50)

  Quadriceps strength 1 (2 of 50)

Multiple LSI criteria 6 (12 of 50)

  Quadriceps LSI ≥85%; hamstring LSI ≥90%; H/Q 
ratio ≥70% at 60°/s, 180°/s and 300°/s

1 (2 of 50)

  Quadriceps and hamstring LSI ≥90% at 60°/s, 180°/s and 
300°/s; normalised isokinetic quadriceps strength ≥3 Nm/kg 
at 60°/s; H/Q ratio ≥55% for females and ≥62.5% for males 
at 300°/s

1 (2)

  Quadriceps and hamstring LSI ≥90% at 60°/s, 180°/s and 
300°/s; H/Q ratio ≥55% for females and ≥62.5% for males 
at 300°/s

1 (2)

  Quadriceps strength of LSI≥90% and hamstring strength of 
LSI=100% at 60°/s and 300°/s

1 (2)

  ‘Good muscular… recovery’ of quadriceps and hamstring 
strength; H/Q ratio between 40%–80% (parameters not 
stated)

1 (2)

  Eccentric or concentric hamstring strength LSI ≥80% and 
quadriceps strength of LSI=100%

1 (2)

Criteria not clearly stated 12 (24 of 50)

  Quadriceps and hamstring strength at 60°/s 3 (2 of 50)

  Quadriceps and hamstring strength at 180°/s 1 (2)

  Quadriceps and hamstring strength at 60°/s and 180°/s 1 (2)

  Quadriceps and hamstring strength at 60°/s and 240°/s 2 (4)

  Quadriceps and hamstring strength at 90°/s and 230°/s 2 (4)

  Quadriceps and hamstring strength at 180°/s and 230°/s 1 (2)

  Quadriceps and hamstring strength at 60°/s, 120°/s and 
180°/s

1 (2)

  Quadriceps and hamstring strength at 60°/s, 180°/s, 300°/s; 
internal rotation and external rotation strength at 60°/s, 
120°/s and 180°/s

1 (2)

Isometric testing 8 (9 of 86)

Continued

Studies reporting,
n (%)

LSI ≥90% 5 (63 of 8)

  Quadriceps strength at 60° of knee flexion 1 (13 of 8)

  Quadriceps strength at 90° of knee flexion 1 (13)

  Quadriceps burst superimposition strength 2 (25)

  Isometric leg press testing 1 (13)

LSI ≥85% 1 (13 of 8)

  Quadriceps and hamstring strength at 30° of knee flexion 1 (13 of 8)

LSI ≥80% 2 (25 of 8)

  Quadriceps strength at 90° of knee flexion 1 (13 of 8)

  Hamstring strength at 70° and 90° of knee flexion in prone 
and supine positions

1 (13)

Method of testing not clearly stated 25 (29 of 86)

  Full strength 1 (1 of 86)

  Close to full strength 2 (2)

  Quadriceps strength of LSI ≥90% 2 (2)

  Muscle strength of LSI ≥90% 2 (2)

  Quadriceps and hamstring strength of LSI ≥90% 2 (2)

  Quadriceps and hamstring strength of LSI ≥85% 1 (1)

  Quadriceps strength of LSI ≥85% 2 (2)

  Thigh strength of LSI ≥85% 1 (1)

  Quadriceps strength of LSI ≥80% 1 (1)

  Quadriceps strength of LSI ≥80% and normal hamstring 
strength

1 (1)

  Adequate quadriceps and hamstring strength 1 (1)

  Good quadriceps function 1 (1)

  Adequate strength 2 (2)

  Functional strength 1 (1)

  Proper muscular conditioning 1 (1)

  Complete muscular recovery 1 (1)

  Full functional stability in terms of strength 1 (1)

  Regained strength 1 (1)

  Leg press test demonstrating comparable strength to 
uninvolved lower extremity

1 (1)

Predetermined benchmark 5 (6 of 86)

  Leg press for >15 reps at 100% BW of affected limb 5 (6 of 86)

References in online appendix III.
BW, body weight; H/Q ratio, hamstring/quadriceps ratio; LSI, limb symmetry index ; 
BW, body weight; H/Q ratio, hamstring/quadriceps ratio; RTS, return to sport. 

Table 5 Continued

Patient-report (contextual factors)
Patient-report criteria were used in 26 (12%) of the 209 studies 
and included the subcategories patient-reported outcome 
measures (PROMs), subjective statements and reports of pain 
(table 7). Six studies37–42 (3%) used one outcome measure, and 
two studies43 44 (1%) used two measures. One study45 reported 
pain and subjective reports as RTS criteria and one study40 used 
PROMs and subjective statements as RTS criteria.

Clinical examination (impairment measures)
Fifty-four studies (26%) reported completing a clinical examina-
tion as part of RTS testing (table 7). Tests of ligament stability, 
range of motion, effusion and thigh circumference were included 
as part of different clinical examinations.

Thigh circumference
Thigh circumference was reported in three studies (1%) with 
defined criteria of ≤1 cm46 47 or ≤2 cm.48
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Table 6 Hop performance as a RTS criterion

Studies reporting,
n (%)

hop tests used as rTS criteria 30 (14 of 209)

Single leg hop 28 (93 of 30)

  LSI ≥90% 17 (60 of 28)

  LSI ≥85% 5 (18)

  LSI ≥80% 2 (7)

  LSI not stated 4 (14)

Triple hop 18 (60 of 30)

  LSI ≥90% 14 (78 of 18)

  LSI ≥85% 2 (11)

  LSI not stated 2 (11)

Crossover hop 11 (37 of 30)

  LSI ≥90% 9 (82 of 11)

  LSI ≥85% 2 (18)

Timed 6 m hop 11 (37 of 30)

  LSI ≥90% 8 (72 of 11)

  LSI ≥85% 2 (18)

  LSI ≥80% 1 (9)

Other hop tests 11 (37 of 30)

  Side hop test 2 (18 of 11)

  Single leg vertical jump 4 (36)

  Timed lateral hop 1 (9)

  Single leg 10 m speed jump test 1 (9)

  Square hop 1 (9)

  Side hop from 30 cm box 1 (9)

  Forward hop from 30 cm box 1 (9)

  Two-leg and one-leg stability tests, two-leg and one-
leg countermovement jump, speedy jumps, plyometric 
jumps and quick feet test

2 (18)

Two studies used seven different tests, 11 studies used four hop tests, 7 studies 
used three tests, 3 studies used two hop tests and 7 studies used one hop test. 
References in online appendix III.
LSI, limb symmetry index; RTS, return to sport.   

Table 7 Additional measures used as criteria for clearance to return 
to sport

Studies 
reporting, n (%) ICF domain

Patient-report 26 (12 of 209)

 Patient-reported outcome measures 8 (31 of 26) Contextual

  IKDC 5 (63 of 8)

  Within 15% of gender aged-matched controls 3 (38)

  Composite score of 90% 1 (13)

  Question #10: ≥9 points 1 (13)

  KOS-ADL: score ≥90% 3 (38)

  ACL-RSI: score ≥56% 1 (13)

  Global rating of knee function: score ≥90% 1 (13)

 Subjective statements 9 (35 of 26)

  ‘Full subjective functional stability’ 4 (44 of 9)

  When athlete felt comfortable 2 (22)

  Full subjective confidence in knee 2 (22)

  ‘Desire to return to previous activity’ 1 (11)

 Pain 11 (42 of 26)

  ‘No pain’ 7 (64 of 11)

  ‘No problematic symptoms’ 3 (27)

  ‘<3/10 pain’ 1 (9)

Clinical examination 54 (26 of 209) Impairments

 ligament stability 35 (65 of 54)

  KT-1000 8 (23 of 35)

  Lachman test 6 (17)

  Pivot shift 3 (9)

  Anterior drawer 1 (3)

  Stability testing method not stated 22 (63)

 range of motion (rOM) 30 (56 of 54)

  Full/complete ROM 25 (83 of 30)

  Less than full ROM 2 (7)

  ROM equal to contralateral leg 2 (7)

  Adequate ROM 1 (3)

 Effusion 20 (37 of 54)

  No effusion 18 (90 of 20)

  Minimal effusion 2 (10)

 Thigh circumference 3 (6 of 54)

  Atrophy ≤1 cm 2 (67 of 3)

  ≤2 cm difference in thigh circumference 1 (33)

 ‘Satisfactory clinical exam’ 2 (4 of 54)

Performance-based criteria 41 (20 of 209)

 Agility 4 (10 of 41) Activities

  T-test 2 (50 of 4)

  ‘Good agility’ 2 (50)

 Proprioception 6 (15 of 41) Impairments

  Equal to contralateral 2 (33 of 6)

  Y-balance test within 80% uninvolved 1 (17)

  Star excursion balance test symmetry 1 (17)

  Demonstrated balance/coordination 1 (17)

  Prek Kinesthetic Action Training System 
100%

1 (17)

 Aerobic endurance 2 (5 of 41) Activities

  Lactate aerobic–anaerobic threshold test 1 (50 of 2)

  Treadmill run for 10 min at 8 km/hour 1 (50)

 Quality of motion 3 (7 of 41) Impairments

  Landing Error Scoring System <5 2 (67 of 3)

  Limb alignment control following fatiguing 
task: single-leg land (QASLS score 0–1)

1 (33)

Continued

Ligamentous stability
Twenty-five studies (6%) used at least one laxity test (table 7). 
Two studies48 49 defined a criterion of <3 mm side-to-side differ-
ence for clearance to RTS.

Range of motion (ROM)
Thirty studies (14%) used knee ROM as a RTS criterion 
(table 7). Nine studies48 50–57 required full range of flexion and 
extension, and four studies31 32 58 59 required only full extension. 
‘Full ROM’ was not consistently defined. One study52 examined 
active and passive range of motion, and two studies57 60 exam-
ined passive range of motion only.

Effusion
Twenty studies (10%) used effusion as a RTS criterion (table 7). 
One study used the stroke test,58 and one study used a measure-
ment of suprapatellar circumference.61

Performance-based criteria (impairment, activity and participation 
measures)
From the 209 included studies, 41 (20%) used performance-based 
criteria (tests of agility, proprioception, aerobic endurance, 
quality of motion, reported completion of a specific programme 
and non-specific performance-based criteria) to clear athletes to 
RTS (table 7). The 28 studies (13%) requiring completion of 
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Studies 
reporting, n (%) ICF domain

 Completion of a specific programme 27 (66 of 41)

  Running programme 6 (22 of 27) Activities

  On-field/sport-specific/functional programme 9 (33) Participation

  Rehabilitation programme 7 (26) Activities

  Agility programme 4 (15) Activities

  Proprioceptive programme 1 (4) Activities

 non-specific performance-based criteria 6 (15 of 41) Activities

  Rehabilitation goals met 2 (33 of 6)

  Regained agility, strength and coordination 1 (17)

  Full functional stability in terms of strength, 
coordination and balance

1 (17)

  Able to perform sport-related movements 
safely per physical therapist and surgeon

1 (17)

  No functional complaints, confidence when 
running cutting and jumping at full speed

1 (17)

 References in online appendix III.
ACL-RSI, ACL – Return to Sport After Injury; IKDC, International Knee 
Documentation Committee; KOS-ADL, Knee Outcome Survey-Activities of Daily 
Living; QASLS, single-leg loading qualitative assessment tool.  

Table 7 Continued

Figure 2 Relative proportion of return to sport criteria reported in a 
given year.

Figure 3 Return to sport criteria mapped to the ICF domains. The 
relative size of the footballs represents how frequently different 
classifications of RTS criteria are reported in published studies.

a specific programme as part of RTS criteria did not provide 
specific details regarding what the programme entailed.

Time trends in rTS criteria
Time was the sole criterion used to clear athletes to RTS in 
studies published between 1986 and 1989 (figure 2). Since 
1990, time has represented approximately 50% of the total 
RTS criteria reported in published research (figure 2). Measures 
of impairments (ie, strength and clinical examination) repre-
sented approximately 30% of the total RTS criteria reported in 
published research (figure 2). Measures of performance-based 
criteria represented approximately 10% of the total RTS criteria 
reported in published research (figure 2).

DISCuSSIOn
This review provides a compendium of tests that might be a 
helpful starting point for the practitioner and athlete planning 
RTS. The 209 included studies reported criteria that covered 
each of the ICF domains, although time and impairment 
measures were the most frequently reported criteria (figure 3). 

Measures of participation were rarely reported (figure 3). For 
the researcher, the results of our scoping review highlight the 
limited assessment of the participation and contextual elements 
of the ICF (figure 3). These parameters are relevant for at least 
two reasons: (1) participation is what athletes typically care most 
about, and (2) the call for RTS testing to focus on replicating 
the key physical, physiological and psychological demands of the 
athlete’s sport.9

Finding a balance between respecting biology and increasing 
load
Time was the most frequently reported criterion for RTS—85% 
of the studies included in our scoping review reported time as 
a RTS criterion. In two out of every five studies in our scoping 
review, athletes were cleared to RTS solely on the basis of time 
since ACL reconstruction. In over 90% of studies that used time 
as a RTS criterion, athletes were cleared to RTS within nine post-
operative months.

Current guidelines for rehabilitation and RTS following ACL 
reconstruction include time among other criteria.3 The days of 
rehabilitation and RTS progressions solely governed by time 
(eg, at 3 months the athlete starts running, at 5 months the 
athlete starts training and at 6 months the athlete starts unre-
stricted sport) should be long behind us.62 However, tempering 
aggressive rehabilitation and RTS progression40 63 to account 
for biology—healing of the ACL graft and recovery of neuro-
muscular function—is important because of the link between 
time since surgery and knee reinjury risk.64 Criterion-based 
rehabilitation and RTS progressions should be evaluated with 
appropriate tests of impairments, activities, participation and 
contextual factors and combined with a minimum 9-month time 
criterion.3 64
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Greater focus on the athlete and the sport
The dominance of measures of impairment (in comparison 
with measures of activity, participation and contextual factors) 
might reflect that impairment-based measures (eg, static knee 
laxity and strength) often require limited (or relatively easily 
accessible) equipment and space. They may also be easier to 
standardise than other types of tests. In contrast, assessing move-
ment quality or other performance-based tests may require more 
complex equipment (eg, high definition video set-up), large 
amounts of space (eg, a football pitch) and can be more difficult 
to standardise.65 However, there is a problem: if we only test 
impairments, we lack information about the athlete’s capacity 
to cope with all of the physical and mental demands of playing 
sport. Measures of impairments are also poorly related to partic-
ipation.66 The validity and responsiveness of higher level assess-
ments, such as performance-based measures, also has limitations 
and requires further clarification.65

Over 75% of studies examining strength and/or hop testing 
used an LSI cut-off to determine pass or fail. Recently, there 
has been a call for caution when interpreting LSI,5 6 67 68 espe-
cially in the absence of an accurate baseline measure. Presur-
gical strength measurements of the uninvolved limb have been 
advocated5 as a basis for a more accurate LSI due to deteriora-
tion in the strength of the uninvolved limb following surgery.69 
Biomechanical injury risk factors may also be present, despite 
limb symmetry.6 70 Therefore, the relevance and applicability 
of LSI to RTS testing requires further clarification. The practi-
tioner working in the team environment may have the luxury 
of access to preinjury or presurgery screening data, which can 
help overcome the need to rely on LSI. For the practitioner 
without access to a trustworthy baseline evaluation of the 
uninjured limb, LSI remains an acceptable measure, provided 
you are cognisant of its limitations.68

helping practitioners contribute effectively to shared rTS 
decisions
Contributing effectively to shared RTS decisions relies on the 
practitioner’s knowledge of the health of the athlete’s injured 
tissue or body part, the stress that the injured tissue or body part 
needs to be able to withstand and the context of sports partic-
ipation.7–9 Tests of body structure (ie, impairments, including 
effusion and quadriceps strength) can provide information about 
tissue health. Tests of activities that resemble the basic demands 
of sports performance (eg, hopping and agility) can provide 
information about the capacity of the injured tissue or body 
part to withstand stress. Tests of participation (eg, pitch-based 
programme) provide more relevant, sport-specific information 
regarding tissue stress.

Understanding the demands of the sport is also a key source of 
information regarding how much stress is exerted on the body 
during sport.7 8 Understanding the demands of the athlete's sport 
is vital, and an area that coaches—who are the experts in the 
technical and tactical demands of the sport—might help with.

Understanding the context of sports participation (including 
the importance of the match and coach pressure) provides infor-
mation to guide the practitioner and athlete when deciding on 
their shared risk tolerance. There is always some risk associ-
ated with returning to and participating in sport. Effective RTS 
planning involves managing risk—balancing the sometimes 
competing tensions of performance and reinjury prevention.71 
Tests of psychological readiness to return to sport, reinjury 
anxiety or performance anxiety might provide insight into the 
context of sports participation from the athlete’s perspective. 

Only one study included in our scoping review used a validated 
measure to assess psychological readiness.43 Given that psycho-
logical factors can influence RTS,72 these might be important 
factors to assess with respect to RTS.

Is research guiding practice in rTS?
How do the RTS tests reported in research stack up against 
the sort of information that practitioners and athletes need to 
help them make high-quality RTS decisions?7–9 In our scoping 
review, impairment-based tests of body structure were the most 
frequently reported group of tests (half of all studies). Twen-
ty-six per cent of studies used activity-based tests (hop tests were 
the most common). Ten per cent of studies assessed personal or 
contextual factors including confidence and self-reported knee 
function. Fewer than 5% of studies used participation-based 
tests. These results suggest that often researchers may not be 
providing athletes and practitioners with sufficient information 
to make an informed RTS decision in practice.73

how researchers can help practitioners
Validity (how sure we are that the test is measuring what it is 
supposed to be measuring) is an important aspect to consider 
when measuring outcomes, both in research and in practice. 
Take movement quality as an example—validity governs the 
extent to which we can be sure that our observation of knee 
position in the frontal plane (ie, the knee varus/valgus position) 
is an accurate measure of neuromuscular function.

The RTS predictive validity (ie, does the result on the test 
predict the outcome) of many RTS tests is unknown. There is 
preliminary evidence of RTS predictive validity for psycholog-
ical readiness to return to sport, low fear of reinjury, symmetrical 
hop performance and ‘normal’ knee function.74 75 This means 
that for most RTS tests, we do not know whether passing the 
test means the athlete will RTS. Therefore, establishing the RTS 
predictive validity of RTS tests should be a priority for future 
research.

Research is especially needed to underpin the development 
of accurate, sport-specific, practically relevant and cost-effective 
tests of participation for athletes after ACL injury. Capitalising 
on new technologies such as augmented or virtual reality might 
also be a worthwhile avenue for future research as a way of real-
istically replicating some of the context of sports participation 
without excessive space or personnel requirements.

how practitioners can help athletes
The multifactorial nature of RTS suggests that a group of tests 
measuring athlete-centred constructs, rather than a single test in 
isolation, can provide an important basis for practitioners and 
athletes when planning RTS. Clearly, one test will not provide 
enough information and, for this reason, should not be the sole 
deciding factor in an RTS risk assessment.7 The 2016 consensus 
on RTS9 outlines five recommendations to guide the choice of 
RTS tests:
1. Use a group of tests (test battery).
2. Choose open tasks (less controlled) over closed tasks (more 

controlled) where possible.
3. Include tests with reactive decision-making elements.
4. Assess psychological readiness to return to sport.
5. Monitor internal and external workload.

Our scoping review indicates that published research on RTS 
often does not mirror the 2016 consensus statement. One explana-
tion is that 95% of the studies in our scoping review were published 
prior to the most recent consensus on RTS, which outlines these 
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Figure 4 The three elements of the RTS continuum.

What is already known

 ► In the decade leading up to 2011, few objective functional 
criteria were used to clear athletes to return to sport (RTS) 
after ACL reconstruction.

 ► Sport has physical and psychological demands that must be 
considered when planning RTS.

What are the new findings

 ► Time continues to be the primary criterion used to clear 
athletes to RTS after ACL reconstruction.

 ► Strength (41% of studies), physical performance-based 
criteria (20% of studies) and patient-report criteria (12% 
of studies) were infrequently used as RTS after ACL 
reconstruction.

 ► Despite the initiation of the   International Classification of 
Functioning, Disability and Health model in 2002 with the 
goals of assessment at the individual, social and policy level, 
RTS testing after ACL reconstruction was primarily limited to 
assessment of time and impairments.

recommendations. Therefore, in future research, we may begin 
to see a shift in the RTS criteria reported. Appropriate RTS tests 
of impairments, activities, participation and contextual factors, 
combined with a minimum 9-month time criterion,3 64 are worthy 
of further investigation. In at least one recent study, a movement 
quality test (Landing Error Scoring System) was used as part of a 
RTS test battery along with the International Knee Documenta-
tion Committee subjective knee form and the ACL-Return to Sport 
after Injury scale.42

All of the studies included in our scoping review were focused 
on the RTS element of the RTS continuum (figure 4).9 However, 
for many athletes, return to performance—the third element of 
the RTS continuum—is their primary focus. The RTS continuum 
illustrates that there are at least two key transitions for athletes 
following injury: return to playing their sport and return to 
performing at the desired level in their sport. Research on athlete 
performance following ACL reconstruction is limited and has 
focused on match statistics.76 However, match statistics may not 
provide adequate information on load, physiological capacity or 
psychological aspects of performance.

limitations
There are limitations to our scoping review, with implications 
for athletes, practitioners and researchers:

 ► We reported tests that have been used in published research. 
Other innovative and potentially useful tests may be used in 
practice but not reflected here.77

 ► It is unclear whether passing RTS tests predicts whether an 
athlete will return to sport participation or the previous level 
of sport participation after ACL reconstruction.

 ► It was beyond the scope of this review to assess the predictive 
validity of RTS tests for safe RTS following ACL reconstruction. 
For many of these tests, we cannot draw conclusions regarding 
whether the RTS tests were associated with a reduced risk of 
new knee injury on resuming participation in sport.

To be included in our review, studies had to be published in 
English and peer reviewed, representing a possible publication 
bias, as well as the possibility that these limitations may have 
excluded other relevant tests and data. We excluded studies where 
participants received an allograft for their ACL reconstruction to 
avoid graft type as a confounding variable and studies of partici-
pants with revision surgery. Therefore, the results of our scoping 
review may not be generalisable to athletes with allograft or revi-
sion ACL reconstruction. We accepted the definition of ‘athlete’ 
as it was used in an individual study. Therefore, it is possible that 
different studies defined athlete in different ways, and different 
RTS tests may be used in different athlete populations. We did 
not extract data in duplicate. However, a second person inde-
pendently verified the extracted data. In most studies, it was 
unclear how the RTS tests were conducted (ie, which practi-
tioner(s) administered the tests and made judgements about 
clearance to RTS). It is possible that practitioners with different 
education and training backgrounds might prioritise different 
RTS criteria and contribute different information to the shared 
RTS decision-making process.

COnCluSIOn
Eighty-five per cent of studies used time as a RTS criterion after 
ACL reconstruction. Measures of participation and contextual 
factors were uncommonly reported as RTS criteria after ACL 
reconstruction. Strength (41% of studies), physical perfor-
mance-based criteria (20% of studies) and patient-report criteria 
(12% of studies) were infrequently used as RTS criteria.
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