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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, patientreport 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 performancebased 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.

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 framework reflects an athlete-centred approach to understanding 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 reconstruction. 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 question. 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

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 evaluate 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 qualitative asymmetries can exist despite quantitative
symmetry.5 6 Inconsistent and contradictory recommendations, which can arise when using a timebased 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.

We conducted librarian-assisted computer searches
of the MEDLINE, CINAHL, Embase and SPORTDiscus electronic databases for studies on discharge
criteria for RTS following primary ACL reconstruction. 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 identified. 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 identified 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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Which criteria are used to clear patients to return to
sport after primary ACL reconstruction? A
scoping review

Systematic review

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.

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

2 of 10

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

Data management

Demographic data were summarised as frequencies, or arithmetic mean and SD or median and IQR, as appropriate (Microsoft 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 examination and performance-based criteria (table 2). We further classified these categories (and associated RTS criteria)—reflecting
the ICF17—as impairment, activity, participation, contextual and
time criteria (table 2). RTS criteria were summarised as frequencies 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 fulltext 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. Approximately 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
Burgi CR, et al. Br J Sports Med 2019;53:1154–1161. doi:10.1136/bjsports-2018-099982
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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 reconstruction 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 underwent 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 reconstruction 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.

Systematic review

Table 3

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

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

Patients (n)

22 009

Sex (proportion of men)

65%

Athlete level (n=studies reporting)

94

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.

57

 Amateur

97

 Professional

3

 Mixed

18

 Not reported

91

Table 4

Time as a RTS criterion
Studies reporting,
n (%)

Preinjury sport participation

Time criterion

178 (85 of 209)

 Soccer

23

 Basketball

14

 Volleyball

7

 ≥6 months to <9 months

129 (72)*

5

 ≥9 months to <12 months

18 (10)*

 American football
 All other sports

 <6 months from ACLR

21

 ≥12 months

43 (24 of 178)*

6 (3)*

Mean age (SD), years

25.7 (5.3)

96

Time as a single criterion

88 (49 of 178)

Median (IQR) time from injury to surgery,
months

10.2 (4.1–17.9)

45

Time as part of a RTS test battery

90 (51 of 178)

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

29.5 (22.1–43.9)

Studies not using time in RTS test battery

31 (15 of 209)

56

Mean (SD) time to commence running, months

3.0 (1.0)

55

Mean (SD) time to RTS, months

7.6 (1.6)

16
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*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.
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Figure 1 Study search flow diagram. RTS, return to sport.

Systematic review
Table 5

Strength as a RTS criterion

Continued

Studies reporting,
n (%)

Studies reporting,
n (%)

Strength tests used as RTS criteria

86 (41 of 209)

LSI ≥90%

5 (63 of 8)

Isokinetic testing

50 (58 of 86)

 Quadriceps strength at 60° of knee flexion

1 (13 of 8)

LSI ≥90%

11 (22 of 50)

 Quadriceps strength at 90° of knee flexion

1 (13)

 Quadriceps and hamstring strength at 60°/s

1 (2 of 50)

 Quadriceps burst superimposition strength

2 (25)

 Quadriceps and hamstring strength at 180°/s

1 (2)

 Isometric leg press testing

1 (13)

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

2 (4)

LSI ≥85%

1 (13 of 8)

 Quadriceps and hamstring strength at 90°/s and 180°/s

1 (2)

 Quadriceps and hamstring strength at 30° of knee flexion

1 (13 of 8)

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

1 (2)

LSI ≥80%

2 (25 of 8)

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

1 (2)

 Quadriceps strength at 90° of knee flexion

1 (13 of 8)

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

2 (4)

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

1 (13)

 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%

Method of testing not clearly stated

11 (22 of 50)

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)
1 (1)

 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 strength of LSI ≥80% and normal hamstring
strength

 Quadriceps and hamstring strength at 80°/s and 160°/s

1 (2)

 Adequate quadriceps and hamstring strength

1 (1)

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

2 (4)

 Good quadriceps function

1 (1)

 Quadriceps and hamstring strength (parameters not stated)

2 (4)

 Adequate strength

2 (2)

LSI ≥65%

1 (2 of 50)

 Functional strength

1 (1)

 Quadriceps strength

1 (2 of 50)

 Proper muscular conditioning

1 (1)

Multiple LSI criteria

6 (12 of 50)

 Complete muscular recovery

1 (1)

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

1 (2 of 50)

 Full functional stability in terms of strength

1 (1)

 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)

 Regained strength

1 (1)

 Leg press test demonstrating comparable strength to
uninvolved lower extremity

1 (1)

Predetermined benchmark

5 (6 of 86)

 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)

 Leg press for >15 reps at 100% BW of affected limb

5 (6 of 86)

 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

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.

Patient-report (contextual factors)

12 (24 of 50)

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.

 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)

Fifty-four studies (26%) reported completing a clinical examination 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.

Isometric testing

8 (9 of 86)

Thigh circumference

Clinical examination (impairment measures)

Continued

4 of 10

Thigh circumference was reported in three studies (1%) with
defined criteria of ≤1 cm46 47 or ≤2 cm.48
Burgi CR, et al. Br J Sports Med 2019;53:1154–1161. doi:10.1136/bjsports-2018-099982
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Table 5

Systematic review
Hop performance as a RTS criterion
Studies reporting,
n (%)

Table 7
to sport

Additional measures used as criteria for clearance to return
Studies
reporting, n (%) ICF domain

Hop tests used as RTS criteria

30 (14 of 209)

Single leg hop

28 (93 of 30)

Patient-report

 LSI ≥90%

17 (60 of 28)

Patient-reported outcome measures

8 (31 of 26)
5 (63 of 8)

26 (12 of 209)

 LSI ≥85%

5 (18)

 IKDC

 LSI ≥80%

2 (7)

 Within 15% of gender aged-matched controls

3 (38)

 LSI not stated

4 (14)

 Composite score of 90%

1 (13)
1 (13)

Triple hop

18 (60 of 30)

 Question #10: ≥9 points

 LSI ≥90%

14 (78 of 18)

 KOS-ADL: score ≥90%

3 (38)

2 (11)

 ACL-RSI: score ≥56%

1 (13)

2 (11)

 Global rating of knee function: score ≥90%

1 (13)

Subjective statements

9 (35 of 26)

 LSI ≥85%
 LSI not stated
Crossover hop

11 (37 of 30)

 LSI ≥90%

9 (82 of 11)

 ‘Full subjective functional stability’

4 (44 of 9)

 LSI ≥85%

2 (18)

 When athlete felt comfortable

2 (22)

Timed 6 m hop

11 (37 of 30)

 Full subjective confidence in knee

2 (22)

 ‘Desire to return to previous activity’

1 (11)

 LSI ≥90%

8 (72 of 11)

 LSI ≥85%

2 (18)

Pain

 LSI ≥80%

1 (9)

 ‘No pain’

7 (64 of 11)

 ‘No problematic symptoms’

3 (27)

Contextual

11 (42 of 26)

Other hop tests

11 (37 of 30)

 Side hop test

2 (18 of 11)

 ‘<3/10 pain’

 Single leg vertical jump

4 (36)

Clinical examination

54 (26 of 209) Impairments

 Timed lateral hop

1 (9)

Ligament stability

35 (65 of 54)

 Single leg 10 m speed jump test

1 (9)

 KT-1000

8 (23 of 35)

 Square hop

1 (9)

 Lachman test

6 (17)

 Side hop from 30 cm box

1 (9)

 Pivot shift

3 (9)

 Forward hop from 30 cm box

1 (9)

 Anterior drawer

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

2 (18)

 Stability testing method not stated

22 (63)

Range of motion (ROM)

30 (56 of 54)

 Full/complete ROM

25 (83 of 30)

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.

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 difference 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 examined passive range of motion only.

1 (9)

1 (3)

 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)

 T-test

2 (50 of 4)

 ‘Good agility’

2 (50)

Proprioception

6 (15 of 41)

 Equal to contralateral

2 (33 of 6)

 Y-balance test within 80% uninvolved

1 (17)

 Star excursion balance test symmetry

1 (17)

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

 Demonstrated balance/coordination

1 (17)

 Prek Kinesthetic Action Training System
100%

1 (17)

Aerobic endurance

2 (5 of 41)

Performance-based criteria (impairment, activity and participation
measures)

 Lactate aerobic–anaerobic threshold test

1 (50 of 2)

Effusion

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
Burgi CR, et al. Br J Sports Med 2019;53:1154–1161. doi:10.1136/bjsports-2018-099982

 Treadmill run for 10 min at 8 km/hour

1 (50)

Quality of motion

3 (7 of 41)

 Landing Error Scoring System <5

2 (67 of 3)

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

1 (33)

Activities

Impairments

Activities

Impairments

Continued

5 of 10
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Table 6

Systematic review
Continued
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.

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) represented 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).

Figure 2 Relative proportion of return to sport criteria reported in a
given year.
6 of 10

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.
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 postoperative 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 unrestricted 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 neuromuscular 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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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 movement 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 participation.66 The validity and responsiveness of higher level assessments, 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 especially in the absence of an accurate baseline measure. Presurgical strength measurements of the uninvolved limb have been
advocated5 as a basis for a more accurate LSI due to deterioration 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 practitioner 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 participation.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 information to guide the practitioner and athlete when deciding on
their shared risk tolerance. There is always some risk associated 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.
Burgi CR, et al. Br J Sports Med 2019;53:1154–1161. doi:10.1136/bjsports-2018-099982

Only one study included in our scoping review used a validated
measure to assess psychological readiness.43 Given that psychological 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). Twenty-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 psychological 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 realistically 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 explanation 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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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 Documentation 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.

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.
8 of 10

►► 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 participants with revision surgery. Therefore, the results of our scoping
review may not be generalisable to athletes with allograft or revision 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 independently verified the extracted data. In most studies, it was
unclear how the RTS tests were conducted (ie, which practitioner(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 performance-based criteria (20% of studies) and patient-report criteria
(12% of studies) were infrequently used as RTS criteria.
Acknowledgements The authors would like to thank Leila Ledbetter, MLIS, for
assisting with the literature search for this study.
Contributors CRB contributed to initial search, data extraction, initial drafting,
review and editing of the manuscript. SP contributed to initial search, data
extraction, initial drafting, review and editing of the manuscript. CLA contributed to
initial drafting, review and editing of manuscript. JRM contributed to initial search,
data extraction and review of manuscript. CDG and JS contributed to data extraction
and review of manuscript. MPR contributed the idea of the manuscript, initial search,
review of data, initial drafting, review and editing of the manuscript. All authors
approved of final version of manuscript.
Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.
Competing interests None declared.
Patient consent Not required.
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement Data available upon request.

References

1 Greenberg EM, Greenberg ET, Albaugh J, et al. Rehabilitation practice patterns
following anterior cruciate ligament reconstruction: a survey of physical therapists. J
Orthop Sports Phys Ther 2018;48:801–11.

Burgi CR, et al. Br J Sports Med 2019;53:1154–1161. doi:10.1136/bjsports-2018-099982

Br J Sports Med: first published as 10.1136/bjsports-2018-099982 on 2 February 2019. Downloaded from http://bjsm.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

Figure 4 The three elements of the RTS continuum.

Systematic review

Burgi CR, et al. Br J Sports Med 2019;53:1154–1161. doi:10.1136/bjsports-2018-099982

28 Ventura A, Iori S, Legnani C, et al. Single-bundle versus double-bundle anterior
cruciate ligament reconstruction: assessment with vertical jump test. Arthroscopy
2013;29:1201–10.
29 Glasgow SG, Gabriel JP, Sapega AA, et al. The effect of early versus late return to
vigorous activities on the outcome of anterior cruciate ligament reconstruction. Am J
Sports Med 1993;21:243–8.
30 Noyes FR, Berrios-Torres S, Barber-Westin SD, et al. Prevention of permanent
arthrofibrosis after anterior cruciate ligament reconstruction alone or combined with
associated procedures: a prospective study in 443 knees. Knee Surg Sports Traumatol
Arthrosc 2000;8:196–206.
31 Shelbourne KD, Nitz P. Accelerated rehabilitation after anterior cruciate ligament
reconstruction. Am J Sports Med 1990;18:292–9.
32 Shelbourne KD, Nitz P. Accelerated rehabilitation after anterior cruciate ligament
reconstruction. J Orthop Sports Phys Ther 1992;15:256–64.
33 Sonnery-Cottet B, Saithna A, Cavalier M, et al. Anterolateral ligament reconstruction is
associated with significantly reduced acl graft rupture rates at a minimum follow-up
of 2 years: a prospective comparative study of 502 patients from the SANTI study
group. Am J Sports Med 2017;45:1547–57.
34 Sonnery-Cottet B, Thaunat M, Freychet B, et al. Outcome of a Combined Anterior
Cruciate Ligament and Anterolateral Ligament Reconstruction Technique With a
Minimum 2-Year Follow-up. Am J Sports Med 2015;43:1598–605.
35 Tashiro T, Kurosawa H, Kawakami A, et al. Influence of medial hamstring tendon
harvest on knee flexor strength after anterior cruciate ligament reconstruction. A
detailed evaluation with comparison of single- and double-tendon harvest. Am J
Sports Med 2003;31:522–9.
36 Hohmann E, Tetsworth K, Bryant A. Physiotherapy-guided versus home-based,
unsupervised rehabilitation in isolated anterior cruciate injuries following surgical
reconstruction. Knee Surg Sports Traumatol Arthrosc 2011;19:1158–67.
37 Capin JJ, Khandha A, Zarzycki R, et al. Gait mechanics and second ACL rupture:
Implications for delaying return-to-sport. J Orthop Res 2017;35:1894–901.
38 Failla MJ, Logerstedt DS, Grindem H, et al. Does Extended Preoperative Rehabilitation
Influence Outcomes 2 Years After ACL Reconstruction? A Comparative Effectiveness
Study Between the MOON and Delaware-Oslo ACL Cohorts. Am J Sports Med
2016;44:2608–14.
39 Gokeler A, Welling W, Zaffagnini S, et al. Development of a test battery to enhance
safe return to sports after anterior cruciate ligament reconstruction. Knee Surg Sports
Traumatol Arthrosc 2017;25:192–9.
40 Shelbourne KD, Sullivan AN, Bohard K, et al. Return to basketball and soccer after
anterior cruciate ligament reconstruction in competitive school-aged athletes. Sports
Health 2009;1:236–41.
41 Toole AR, Ithurburn MP, Rauh MJ, et al. Young athletes cleared for sports
participation after anterior cruciate ligament reconstruction: how many actually
meet recommended return-to-sport criterion cutoffs? J Orthop Sports Phys Ther
2017;47:825–33.
42 Welling W, Benjaminse A, Seil R, et al. Low rates of patients meeting return to sport
criteria 9 months after anterior cruciate ligament reconstruction: a prospective
longitudinal study. Knee Surg Sports Traumatol Arthrosc 2018;26:3636–44.
43 Langford JL, Webster KE, Feller JA. A prospective longitudinal study to assess
psychological changes following anterior cruciate ligament reconstruction surgery. Br
J Sports Med 2009;43:377–8.
44 Goodstadt NM, Hunter-Giordano A, Axe MJ, et al. Functional testing to determine
readiness to discontinue brace use, one year after acl reconstruction. Int J Sports Phys
Ther 2013;8:91–6.
45 Ferrari JD, Bach BR, Bush-Joseph CA, et al. Anterior cruciate ligament reconstruction
in men and women: An outcome analysis comparing gender. Arthroscopy
2001;17:588–96.
46 Zaffagnini S, Bruni D, Marcheggiani Muccioli GM, et al. Single-bundle patellar tendon
versus non-anatomical double-bundle hamstrings ACL reconstruction: a prospective
randomized study at 8-year minimum follow-up. Knee Surg Sports Traumatol Arthrosc
2011;19:390–7.
47 Zaffagnini S, Marcacci M, Lo Presti M, et al. Prospective and randomized evaluation of
ACL reconstruction with three techniques: a clinical and radiographic evaluation at 5
years follow-up. Knee Surg Sports Traumatol Arthrosc 2006;14:1060–9.
48 Fibiger W. Developing an objective criteria for recommendations to athletes prior
to a return to full training following knee acl reconstruction. Medicina Sportiva
2014;18:147–52.
49 Noyes FR, Barber-Westin SD. Arthroscopic repair of meniscus tears extending into the
avascular zone with or without anterior cruciate ligament reconstruction in patients
40 years of age and older. Arthroscopy 2000;16:822–9.
50 Ardern CL, Taylor NF, Feller JA, et al. Psychological responses matter in returning to
preinjury level of sport after anterior cruciate ligament reconstruction surgery. Am J
Sports Med 2013;41:1549–58.
51 Ardern CL, Webster KE, Taylor NF, et al. Return to the preinjury level of competitive
sport after anterior cruciate ligament reconstruction surgery: two-thirds of patients
have not returned by 12 months after surgery. Am J Sports Med 2011;39:538–43.
52 Beynnon BD, Johnson RJ, Fleming BC, et al. Anterior cruciate ligament replacement:
comparison of bone-patellar tendon-bone grafts with two-strand hamstring grafts. A
prospective, randomized study. J Bone Joint Surg Am 2002;84-A:1503–13.

9 of 10

Br J Sports Med: first published as 10.1136/bjsports-2018-099982 on 2 February 2019. Downloaded from http://bjsm.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

2 Dingenen B, Gokeler A. Optimization of the return-to-sport paradigm after anterior
cruciate ligament reconstruction: a critical step back to move forward. Sports Med
2017;47:1487–500.
3 van Melick N, van Cingel RE, Brooijmans F, et al. Evidence-based clinical
practice update: practice guidelines for anterior cruciate ligament rehabilitation
based on a systematic review and multidisciplinary consensus. Br J Sports Med
2016;50:1506–15.
4 Grindem H, Arundale AJ, Ardern CL. Alarming underutilisation of rehabilitation in
athletes with anterior cruciate ligament reconstruction: four ways to change the
game. Br J Sports Med 2018;52:1162–3.
5 Wellsandt E, Failla MJ, Snyder-Mackler L. Limb symmetry indexes can overestimate
knee function after anterior cruciate ligament injury. J Orthop Sports Phys Ther
2017;47:334–8.
6 Wren TAL, Mueske NM, Brophy CH, et al. Hop Distance Symmetry Does Not Indicate
Normal Landing Biomechanics in Adolescent Athletes With Recent Anterior Cruciate
Ligament Reconstruction. J Orthop Sports Phys Ther 2018:1–23.
7 Shrier I. Strategic Assessment of Risk and Risk Tolerance (StARRT) framework for
return-to-play decision-making. Br J Sports Med 2015;49:1311–5.
8 Creighton DW, Shrier I, Shultz R, et al. Return-to-play in sport: a decision-based
model. Clin J Sport Med 2010;20:379–85.
9 Ardern CL, Glasgow P, Schneiders A, et al. Consensus statement on return to sport
from the First World Congress in Sports Physical Therapy, Bern. Br J Sports Med
2016;2016:853–64.
10 Barber-Westin SD, Noyes FR. Factors used to determine return to unrestricted
sports activities after anterior cruciate ligament reconstruction. Arthroscopy
2011;27:1697–705.
11 Barber-Westin SD, Noyes FR. Objective criteria for return to athletics after anterior
cruciate ligament reconstruction and subsequent reinjury rates: a systematic review.
Phys Sportsmed 2011;39:100–10.
12 Murray A, Daines L, Archibald D, et al. The relationship and effects of golf
on physical and mental health: a scoping review protocol. Br J Sports Med
2016;50:647–50.
13 Arksey H, O’Malley L. Scoping studies: towards a methodological framework. Int J Soc
Res Methodol 2005;8:19–32.
14 Wilczynski NL, Haynes RB. Hedges Team. Developing optimal search strategies for
detecting clinically sound prognostic studies in MEDLINE: an analytic survey. BMC
Med 2004;2:23.
15 Wilczynski NL, Haynes RB. Optimal search strategies for detecting clinically
sound prognostic studies in EMBASE: an analytic survey. J Am Med Inform Assoc
2005;12:481–5.
16 Greenhalgh T, Peacock R. Effectiveness and efficiency of search methods in systematic
reviews of complex evidence: audit of primary sources. BMJ 2005;331:1064–5.
17 World Health Organization. Towards a common language for functioning,
disability and health, ICF. 2002 http://www.who.int/classifications/icf/training/
icfbeginnersguide.pdf (Accessed 28 May 2014).
18 Baltaci G, Yilmaz G, Atay AO. The outcomes of anterior cruciate ligament reconstructed
and rehabilitated knees versus healthy knees: a functional comparison. Acta Orthop
Traumatol Turc 2012;46:186–95.
19 Goradia VK, Grana WA. A comparison of outcomes at 2 to 6 years after acute and
chronic anterior cruciate ligament reconstructions using hamstring tendon grafts.
Arthroscopy 2001;17:383–92.
20 Harilainen A, Linko E, Sandelin J. Randomized prospective study of ACL reconstruction
with interference screw fixation in patellar tendon autografts versus femoral metal
plate suspension and tibial post fixation in hamstring tendon autografts: 5-year
clinical and radiological follow-up results. Knee Surg Sports Traumatol Arthrosc
2006;14:517–28.
21 Jansson KA, Linko E, Sandelin J, et al. A prospective randomized study of patellar
versus hamstring tendon autografts for anterior cruciate ligament reconstruction. Am
J Sports Med 2003;31:12–18.
22 Matsumoto A, Yoshiya S, Muratsu H, et al. A comparison of bone-patellar tendonbone and bone-hamstring tendon-bone autografts for anterior cruciate ligament
reconstruction. Am J Sports Med 2006;34:213–9.
23 Wierer G, Runer A, Hoser C, et al. Acute ACL reconstruction in patients over 40 years
of age. Knee Surg Sports Traumatol Arthrosc 2017;25:1528–34.
24 Zhu W, Wang D, Han Y, et al. Anterior cruciate ligament (ACL) autograft reconstruction
with hamstring tendons: clinical research among three rehabilitation procedures. Eur J
Orthop Surg Traumatol 2013;23:939–43.
25 Aglietti P, Giron F, Buzzi R, et al. Anterior cruciate ligament reconstruction: bonepatellar tendon-bone compared with double semitendinosus and gracilis tendon
grafts. A prospective, randomized clinical trial. J Bone Joint Surg Am 2004;86A:2143–55.
26 Buda R, Verni E, Ferruzzi A, et al. Anterior cruciate ligament replacement with distally
inserted doubled hamstring graft: Prospective clinical and instrumental evaluation.
Med Sport 2005;58:303–11.
27 Larsen JB, Farup J, Lind M, et al. Muscle strength and functional performance
is markedly impaired at the recommended time point for sport return after
anterior cruciate ligament reconstruction in recreational athletes. Hum Mov Sci
2015;39:73–87.

Systematic review

10 of 10

65 Hegedus EJ, McDonough S, Bleakley C, et al. Clinician-friendly lower extremity
physical performance measures in athletes: a systematic review of measurement
properties and correlation with injury, part 1. The tests for knee function including the
hop tests. Br J Sports Med 2015;49:642–8.
66 Ross MD, Irrgang JJ, Denegar CR, et al. The relationship between participation
restrictions and selected clinical measures following anterior cruciate ligament
reconstruction. Knee Surg Sports Traumatol Arthrosc 2002;10:10–19.
67 Benjaminse A, Holden S, Myer GD. ACL rupture is a single leg injury but a double leg
problem: too much focus on ’symmetry’ alone and that’s not enough!. Br J Sports
Med 2018;52:1029–30.
68 Trulsson A. Additional perspectives on ’ACL rupture is a single leg injury but a double
leg problem…’. Br J Sports Med 2018:bjsports-2017-098974.
69 Thomeé R, Neeter C, Gustavsson A, et al. Variability in leg muscle power and hop
performance after anterior cruciate ligament reconstruction. Knee Surg Sports
Traumatol Arthrosc 2012;20:1143–51.
70 Xergia SA, Pappas E, Georgoulis AD. Association of the single-limb hop test with
isokinetic, kinematic, and kinetic asymmetries in patients after anterior cruciate
ligament reconstruction. Sports Health 2015;7:217–23.
71 McCall A, Lewin C, O’Driscoll G, et al. Return to play: the challenge of balancing
research and practice. Br J Sports Med 2017;51:702–3.
72 Ardern CL, Taylor NF, Feller JA, et al. A systematic review of the psychological factors
associated with returning to sport following injury. Br J Sports Med 2013;47:1120–6.
73 Ardern CL, Kvist J, Webster KE. Psychological aspects of anterior cruciate ligament
injuries. Oper Tech Sports Med 2016;24:77–83.
74 Ardern CL, Taylor NF, Feller JA, et al. Fifty-five per cent return to competitive sport
following anterior cruciate ligament reconstruction surgery: an updated systematic
review and meta-analysis including aspects of physical functioning and contextual
factors. Br J Sports Med 2014;48:1543–52.
75 Nawasreh Z, Logerstedt D, Cummer K, et al. Functional performance 6 months
after ACL reconstruction can predict return to participation in the same preinjury
activity level 12 and 24 months after surgery. Br J Sports Med 2018;52:bjsp
orts-2016-097095.
76 Lai CCH, Ardern CL, Feller JA, et al. Eighty-three per cent of elite athletes return to
preinjury sport after anterior cruciate ligament reconstruction: a systematic review
with meta-analysis of return to sport rates, graft rupture rates and performance
outcomes. Br J Sports Med 2018;52:128–38.
77 Ardern CL, Dupont G, Impellizzeri FM, et al. Unravelling confusion in sports medicine
and sports science practice: a systematic approach to using the best of research and
practice-based evidence to make a quality decision. Br J Sports Med 2019;53.

Burgi CR, et al. Br J Sports Med 2019;53:1154–1161. doi:10.1136/bjsports-2018-099982

Br J Sports Med: first published as 10.1136/bjsports-2018-099982 on 2 February 2019. Downloaded from http://bjsm.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

53 MacDonald PB, Hedden D, Pacin O, et al. Effects of an accelerated rehabilitation
program after anterior cruciate ligament reconstruction with combined
semitendinosus-gracilis autograft and a ligament augmentation device. Am J Sports
Med 1995;23:588–92.
54 Mendias CL, Lynch EB, Davis ME, et al. Changes in circulating biomarkers of muscle
atrophy, inflammation, and cartilage turnover in patients undergoing anterior cruciate
ligament reconstruction and rehabilitation. Am J Sports Med 2013;41:1819–26.
55 Palmer W, Crichlow A, Mansingh A. Return to sports and functional outcome after
primary anterior cruciate ligament reconstruction in Jamaica. Sports Nutr Ther
2016;1:2.
56 Palmieri-Smith RM, Lepley LK. Quadriceps strength asymmetry after anterior cruciate
ligament reconstruction alters knee joint biomechanics and functional performance at
time of return to activity. Am J Sports Med 2015;43:1662–9.
57 Siebold R, Webster KE, Feller JA, et al. Anterior cruciate ligament reconstruction in
females: a comparison of hamstring tendon and patellar tendon autografts. Knee Surg
Sports Traumatol Arthrosc 2006;14:1070–6.
58 Della Villa S, Boldrini L, Ricci M, et al. Clinical outcomes and return-to-sports
participation of 50 soccer players after anterior cruciate ligament reconstruction
through a sport-specific rehabilitation protocol. Sports Health 2012;4:17–24.
59 Webster KE, Feller JA, Hameister KA. Bone tunnel enlargement following anterior
cruciate ligament reconstruction: a randomised comparison of hamstring and
patellar tendon grafts with 2-year follow-up. Knee Surg Sports Traumatol Arthrosc
2001;9:86–91.
60 Müller U, Krüger-Franke M, Schmidt M, et al. Predictive parameters for return to
pre-injury level of sport 6 months following anterior cruciate ligament reconstruction
surgery. Knee Surg Sports Traumatol Arthrosc 2015;23:3623–31.
61 Beynnon BD, Johnson RJ, Naud S, et al. Accelerated versus nonaccelerated
rehabilitation after anterior cruciate ligament reconstruction: a prospective,
randomized, double-blind investigation evaluating knee joint laxity using roentgen
stereophotogrammetric analysis. Am J Sports Med 2011;39:2536–48.
62 Rambaud AJM, Ardern CL, Thoreux P, et al. Criteria for return to running after
anterior cruciate ligament reconstruction: a scoping review. Br J Sports Med
2018;52:1437–44.
63 Roi GS, Creta D, Nanni G, et al. Return to official Italian First Division soccer games
within 90 days after anterior cruciate ligament reconstruction: a case report. J Orthop
Sports Phys Ther 2005;35:52–66.
64 Grindem H, Snyder-Mackler L, Moksnes H, et al. Simple decision rules can reduce
reinjury risk by 84% after ACL reconstruction: the Delaware-Oslo ACL cohort study. Br
J Sports Med 2016;50:804–8.

