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
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ABSTRACT

Background The aim of this study was to update our
original systematic review of return to sport rates
following anterior cruciate ligament (ACL) reconstruction
surgery.

Method Electronic databases were searched from April
2010 to November 2013 for articles reporting the
number of patients returning to sport following ACL
reconstruction surgery. Return to sport rates, physical
functioning and contextual data were extracted and
combined using random-effects meta-analyses. Data
from the original review (articles published up to April
2010) were combined with data from the updated
search.

Results Sixty-nine articles, reporting on 7556
participants, were reviewed. On average, 81% of people
returned to any sport, 65% returned to their preinjury
level of sport and 55% returned to competitive level
sport after surgery. Symmetrical hopping performance
(d=0.3) and the contextual factors of younger age
(d=—0.3), male gender (OR=1.4), playing elite sport
(OR=2.5) and having a positive psychological response
(d=0.3) favoured returning to the preinjury level sport.
Receiving a hamstring tendon autograft favoured
returning to competitive level sport (OR=2.4), whereas
receiving a patellar tendon autograft favoured returning
to the preinjury level sport (OR=1.2).

Conclusions Returning to sport varied according to
different physical functioning and contextual factors,
which could warrant additional emphasis in
postoperative rehabilitation programmes to maximise
participation.

INTRODUCTION
Return to participation in sport is an important
outcome when evaluating the success of anterior
cruciate ligament (ACL) reconstruction surgery. In
2010, we reviewed the orthopaedic sports medicine
literature that reported return to sport following
ACL reconstruction surgery.! The results of 48
studies and 5770 participants were combined,
using meta-analyses.! The meta-analyses high-
lighted that only approximately two in three indivi-
duals returned to their preinjury level of sports
participation and less than half returned to com-
petitive level sport.!

Only 67 of the 48 studies in our original
review reported return to sport as a primary
outcome. The WHO, through the International

Classification of Functioning, Disability, and Health
(ICF),® has called for the emphasis of health
outcome evaluation to be on an individual’s ability
to participate in society. Therefore, it follows that
greater emphasis should be placed on evaluating
participation-based outcomes, such as return to
sport, following ACL reconstruction surgery.
Since the original review, the reporting of return
to sport outcomes has increased. The addition of
further data from studies published after the ori-
ginal review also allows other subgroup analyses to
be conducted that may enable a more detailed
examination of the influence of key background
factors such as age, gender, graft type and sports
participation level—termed contextual factors in
the ICF—on returning to sport than was previously
possible. Contextual factors are critical components
of the ICF because these factors may impact on an
individual’s functioning. Therefore, we also ana-
lysed the impact of relevant contextual factors on
returning to participation in sport after surgery.
Our updated review had the following aims:
Primary aim
To determine the return to sport rate following
ACL reconstruction surgery.
Secondary aims
1. To determine whether improved physical func-
tioning favoured returning to sport following
ACL reconstruction.

2. To determine whether specific contextual
factors favoured returning to sport following
ACL reconstruction.

METHODS

The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
were followed when conducting and reporting this
updated review and meta-analysis. Consistent with
the original review and meta-analyses, the ICF was
used as a conceptual framework for reporting the
updated review findings.

Literature searching

The search strategy reported in the original review'
was applied to the same electronic databases. These
databases were: MEDLINE, CINAHL, EMBASE,
PsychInfo, SPORTDiscus, The Cochrane Library,
AMED, AMI, AusportMed and PEDro. The
Meditext database was not searched as it ceased to
exist as of January 2010. Reference lists of relevant
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articles and the ePublication lists of key journals were also
manually searched to identify any further articles not identified
in the electronic database search. In the original review, database
searching was completed from the earliest possible entry to
April 2010. In the updated review, the literature was searched
from April 2010 to November 2013 (inclusive).

Selection criteria

Articles were included that reported the number or percentage
(or data allowing calculation) of participants returning to sport
following ACL reconstruction surgery. Non-English language
reports, conference abstracts, and review or clinical commentary
articles were excluded. The titles and abstracts of articles
retrieved from the electronic database search were screened to
determine eligibility for inclusion in the updated review. Where
eligibility was unclear from the title or abstract, the article was
obtained in full text. Two reviewers applied the selection criteria
independently. Discrepancies were resolved via consensus, and a
third reviewer was consulted if consensus was not achieved.

Assessment of study quality

The six-item quality assessment checklist developed for the ori-
ginal review' was used to evaluate risk of bias in articles
included in the updated review. It is recommended that
researchers develop a checklist or modify an existing one to
meet the requirements of the review in addressing key issues of
methodological quality, particularly where different research
designs are included.” '° The six items assessed were: (1) partici-
pant selection criteria described, (2) representative population
selected, (3) participants’ preinjury sports participation level
reported, (4) data collected prospectively, (5) demographic data
reported (at least gender and point estimate of age) and (6) post-
operative sports participation level compared with preinjury
sports participation status. Items 1 and 2 were taken from
Downs and Black’s'' Checklist for the Assessment of
Methodological Quality of Randomised and Non-Randomised
Studies. Item 4 was taken from Slim et al'?> Methodological
Index for Non-Randomised Studies. Items 3, 5 and 6 were
developed specifically for this review. The purpose of evaluating
the study quality was to identify aspects of study design and
methodological quality common to all included articles. Two
reviewers assessed included articles for risk of bias independ-
ently, with consensus used to resolve discrepancies. For each
item, articles were assessed as having fulfilled or not fulfilled the
criterion. Articles were not excluded on the basis of potential
for bias.

Data extraction and synthesis

We added data from our original review to data extracted from
studies included in the updated review. Data were obtained with
the data extraction tool used in the original review, and analysed
using StatsDirect (Altrincham, UK). A p value of <0.05 was
used to denote statistical significance for all analyses. Table 1
lists the variables that were extracted for analysis. The primary
variables were return to sport rates; and the secondary variables
were measures of physical functioning and contextual factors
that may impact on participation in sport.

Pooled dichotomous data were analysed using random-effects
proportion meta-analyses (weighted for individual study sample
size) and ORs. Pooled continuous data were analysed using
random-effects meta-analyses and standardised mean differences
(also known as effect sizes). Cohen’s guidelines'® were used
when interpreting the pooled standardised mean differences.

Table 1 Variables extracted for analysis

Primary ICF participation domain Return to any sport

variables Return to preinjury sport
Return to competitive sport

Secondary ICF impairments and activity ~ Objective knee function (IKDC

variables domains (physical evaluation)

functioning) Subjective knee function (IKDC

form)
Hopping performance (hop
distance)

Sport-specific activity
participation frequency (Marx
Activity Scale)

Person-related factors

Age

Gender

Psychological response
Surgery-related factors
Autograft type (hamstring
tendon vs patellar tendon)
Other factors

Sports performance level (elite
vs non-elite)

Length of follow-up

(<12; 12-36; >36 months)

ICF, International Classification of Functioning, Disability, and Health; IKDC,
International Knee Documentation Committee.

ICF contextual factors

To address the primary aim of this review, return to sport pro-
portions for individual studies and pooled estimates were sum-
marised in forest plots; and presented separately for the return
to any sport rate, return to preinjury level sport rate and return
to competitive sport rate. To address the secondary aims of this
review, data were compared between people who did and did
not return to sport to determine whether physical functioning
and contextual factors favoured returning to sport.

Data were extracted and combined ensuring that data from
the same participants were not included twice. If data were
reported for the same participants in more than one article, data
were extracted from the article that reported a higher return to
sport rate. If an article reported return to sport data for the
same participants at multiple follow-ups, the highest return to
sport rate reported in the article was extracted. The degree of
heterogeneity within the results of the included studies was
assessed using the I? index, with a larger score indicating that a
greater proportion of the variability in the results could be
attributed to heterogeneity.'*

To examine for differences in return to sport rates between
elite and non-elite athletes, athletes who played professional
sport, or where it was clearly stated that they participated at the
highest possible competitive level for their chosen sport (eg, in
college sport, National Collegiate Athletic Association Division
I), were identified as elite. To evaluate the influence of graft
type, return to sport data for participants who received ham-
string tendon grafts were compared with data from participants
who received patellar tendon grafts, as these were the most com-
monly reported graft types. To examine the influence of length
of follow-up, return to sport data were grouped for short-term
(up to 12 months) medium-term (12-36 months) and long
-term (>36 months) follow-up.

RESULTS

The updated literature search from April 2010 identified 373
potentially eligible articles, of which 336 were immediately
excluded based on a review of the title and abstract.
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Thirty-seven articles were obtained in full text, and the selection
criteria reapplied. Following this, 16 articles were excluded,
adding 21 articles to the updated review (figure 1). The inde-
pendent reviewers had discrepancies in selection criteria applica-
tion for three articles. On all occasions, discrepancies were
resolved via consensus discussion. Full references and reasons
for exclusion are provided in online supplementary appendix
A. Therefore, this review is based on data from 69 publications
(figure 1), 21 identified in the updated search and 48 from the
original review.'

Two articles reported return to sport data from the same
group of 196 competitive athletes,’> ® and two articles
reported return to sport data from a single cohort of 83 partici-
pants.'”” '® Four articles reported return to sport outcomes at
multiple follow-up points.® *° ¥ 2° Adjustments were made to
account for this in the meta-analyses, and are described in
online supplementary appendix A.

Assessment of study quality

On all occasions, discrepancies between assessors were resolved
via consensus discussion. There were discrepancies between
reviewers on 12 articles. Most frequently, the discrepancies were
for item 2 (in seven articles), which assessed the representative-
ness of the study sample. Overall, 87% of the included articles
reported participant selection criteria and 88% reported demo-
graphic data. Seventy-four per cent of the included articles
reported a return to preinjury sport rate. However, only 64% of
included articles reported the preinjury sports participation level
of participants. Sixty-eight per cent of included articles were
prospective studies, and 68% included a representative sample.
Details of the assessment of risk of bias assessment for each
article are presented in online supplementary appendix B.

Demographic data

There were a total of 7556 participants (4892 men, 66%) evalu-
ated in the 69 articles (see online supplementary table S1). In
four articles, participant gender was not reported,”'* and in
two articles participant gender was inferred from the sport
(American football) participants played before injury.>> The
mean age at surgery was 25.8 (SD=3.2) years. Seven articles did
not report participant age.”’ 23 2°=% Graft type was reported
for 7221 participants; 2427 (34%) received a hamstring tendon
graft, and 4405 (61%) received a patellar tendon graft. Nine
articles did not specify graft type.? 7 *'=37 Six articles reported
that their patient cohorts included people who had undergone
previous ACL surgery (ACL reconstruction or repair),?® 33742
and in all of these articles the proportion of patients with a
history of ACL surgery was less than one-fifth of the cohort. No
articles were included for review that only reported return to
sport outcomes for patients after revision or bilateral ACL
reconstruction surgery.

Participation: return to sport rate

A total of 4837 participants (57 studies) had returned to some
form of sport (figure 2) following ACL reconstruction surgery,
for a pooled return to sport rate of 81% (95% CI 74% to 87%;
[=989%). There were 2663 participants (50 studies) who had
returned to their preinjury level of sport following surgery
(figure 3), for a pooled return to sport rate of 65% (95% CI
59% to 72%; °=95%). There were 1338 participants (30
studies) who had returned to competitive sport (figure 4) fol-
lowing surgery, for a pooled return to sport rate of 55% (95%
CI 46% to 63%; [*=95%).

Impairments of body structure and function and activity

limitations

Pooled International Knee Documentation Committee (IKDC)
objective classification data from three articles (n=597)"° 3% #3
showed that people with ‘normal’ or ‘nearly normal’ function
had similar odds of returning to their preinjury level sport as
people with ‘abnormal’ or ‘severely abnormal’ function (OR,
95% CI 2.3, 0.9 to 6.4, p=0.1). However, people with objective
knee function classified as ‘normal’ (IKDC category A) had
greater odds of returning to their preinjury level sport than
those with objective knee function classified as ‘nearly normal’,
‘abnormal’ or ‘severely abnormal’ (IKDC categories B, C and D,
respectively) (OR, 95% CI 1.9, 1.1 to 3.5, p=0.04). Of those
who had returned to their preinjury level sport, 44% had
objective knee function classified as ‘normal’. In comparison,
29% of those who did not return to their preinjury level sport
had knee function classified as ‘normal’.

The pooled standardised mean difference for IKDC subjective
knee function scores from two articles (n=272)** 3° was 0.9
(95% CI 0.004 to 1.8, p<0.05), indicating that positive subject-
ive rating of knee function favoured returning to the preinjury
level sport.

The pooled standardised mean difference for the hop test
limb symmetry index from two articles (n=265)* 3* was 0.3
(95% CI 0.002 to 0.5, p<0.05), indicating that a more symmet-
rical hopping performance favoured returning to the preinjury
level sport.

The pooled standardised mean difference for frequency of
participation in sport-specific activities (Marx Activity Scale)
from two articles (n=131)*>" ** was 3.1 (95% CI 0.4 to 5.9,
p<0.01), indicating that more frequent participation in running,
cutting, decelerating and pivoting activities favoured returning
to the preinjury level sport.

Contextual factors

Person-related factors

The pooled standardised mean difference for age from two arti-
cles (n=281)** 3 was —0.3 (95% CI —0.6 to —0.1, p<0.01),
indicating that younger age favoured returning to the preinjury
level sport.

Pooled data from 18 articles (n=1950) showed that men had
greater odds than women of returning to their preinjury level
sport (OR, 95% CI 1.4, 1.2 to 1.7, p<0.001). Pooled data from
10 articles (n=918) also showed that men had greater odds than
women of returning to competitive level sport (OR, 95% CI
1.7, 1.2 to 2.3, p<0.002). The proportions of men and women
returning to sport are shown in table 2.

The pooled standardised mean difference for fear of reinjury
from two articles (n=156)* ** was 0.9 (95% CI 0.6 to 1.3,
p<0.001), indicating that lower fear of reinjury favoured return-
ing to the preinjury level sport. The pooled standardised mean
difference from two articles (n=307)* 7 for psychological readi-
ness to return to sport was 1.0 (95% CI 0.6 to 1.4, p<0.001),
indicating that greater psychological readiness to return to sport
favoured returning to the preinjury level sport.

Surgery-related factors

Pooled data from 32 articles (n=4091) showed that people who
received hamstring tendon grafts had almost twice the odds of
returning to any sport compared with those with patellar
tendon grafts (OR, 95% CI 1.7, 1.4 to 2.0, p<0.001). Pooled
data from 12 articles (n=1558) also showed that people who
received hamstring tendon grafts had more than twice the odds
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Original literature search

874 excluded | 942 potentially
based on title |~ eligible articles
and abstract
20 articles excluded v
n=15; Return to sport rate not reported "
n=2; Return to sport outcomes reported | 68 articles
for patients with ACL-deficiency € obtained
n=1; Return to sport outcomes reported in full text
for patients with ACL repair
n=1; Review paper
n=1; Withdrawn from publication
v
48 articles
retained
for review

Updated literature search (April 2010 — November 2013)

373 potentially 336 excluded

S
eligible articles | based on title
and abstract
v 16 articles excluded
37 articles n=11; Return to sport rate not reported
obtained > N= 2; Evaluation of novel post-operative rehabilitation
in full text program
n=1; Report on return to sport after two-stage
revision procedure
n=1; Combined return to sport data reported for
patients with and without ACL reconstruction
n=1; Return to sport data published in previous
report
v
21 articles
retained
for review

\ 4

| 69 articles included in updated review |

Figure 1 Article selection (ACL, anterior cruciate ligament).

of returning to competitive level sport (OR, 95% CI 2.4, 1.9 to
3.1, p<0.001). On the other hand, pooled data from 34 articles
(n=2647) showed that people with patellar tendon grafts had
1.2 times the odds of returning to their preinjury level sport
compared with those with hamstring tendon grafts (OR, 95%
CI 1.2, 1.1 to 1.5, p=0.01). The proportions of people with
hamstring and patellar tendon grafts who returned to sport are
shown in table 2.

Other factors
Pooled data from 57 articles (n=6877) showed that elite athletes
had greater odds of returning to any sport (OR, 95% CI 1.4,
1.02 to 2.0, p=0.04). Pooled data from 53 articles (n=4220)
showed that elite athletes had more than twice the odds of
returning to their preinjury level sport than non-elite athletes
(OR, 95% CI 2.5, 2.0 to 3.1, p<0.0001). Pooled data from 28
articles (n=2918) showed that elite athletes had approximately
six times the odds of returning to competitive sport as non-elite
athletes (OR, 95% CI 5.9, 4.6 to 7.5, p<0.001). The propor-
tions of elite and non-elite athletes who returned to sport are
shown in table 2.

The length of follow-up did not influence the return to sport
rate for the three rates examined (table 2). The average
follow-up was 40 months (SD=28.7, range 12-156 months).

DISCUSSION
We summarised the current evidence regarding return to sport
rates following ACL reconstruction surgery. Return to sport out-
comes were analysed for over 7000 participants who had under-
gone ACL reconstruction surgery and, on average, 4 in every 5
returned to some form of sport following surgery. However, the
rates of return to the preinjury level and competitive level sport
were lower. On average, two in three participants returned to
their preinjury level, and only 55% returned to competitive
level sport.

These findings extend the conclusions of our previous
review” where, depending on the level of sport (ie, any, prein-
jury, competitive level sport), the return to sport rate ranged

from 449% to 80%." There was a change in the rate of return to
competitive level sport in the current review; we now report
55% compared with 44% in the previous review.

The addition of five recent studies examining the return to
sport rate of elite athletes explains the superior return to com-
petitive sport rate. In the current review, elite athletes have a
higher return to sport rate than non-elite athletes. In the 2011’
meta-analysis, there were only four studies of elite athletes
included, whereas in the current review nine studies of elite ath-
letes were included in the return to competitive sport
meta-analysis. In the current review, the return to sport rate
varied based on certain contextual factors, suggesting that the
context within which an individual functions is associated with
the prospects for returning to sport after surgery.

Relationship between physical functioning and returning
to sport
This review builds on previous analyses of return to sport rate
following ACL reconstruction’ *° by examining whether specific
impairments, activities and contextual factors were associated
with returning or not returning to participation in the preinjury
level sport. A focus of previous research has been on measuring
physical knee function after ACL reconstruction surgery. In
pooling the results of previous studies of objective physical func-
tion, the current review found that people with objective knee
function classified as abnormal or severely abnormal were just as
likely to return to their preinjury level sport as those with knee
function classified as normal or nearly abnormal. However,
when those with normal knee function were compared to those
with nearly normal, abnormal or severely abnormal knee func-
tion, they had approximately twice the odds of returning to
their preinjury level sport. There was also a small effect favour-
ing a more symmetrical hopping performance and returning to
the preinjury level sport (standardised mean difference 0.3).
These findings of an association between better physical func-
tion and returning to the preinjury level sport in the current
review contradict those of a previous study, published when
there were less data available, which did not find a relationship
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Figure 2 Pooled rate of return to any
sport (81%, 95% Cl 74% to 87%).

Proportion meta-analysis plot [random effects]

between physical functioning and participation in a number of
activities including sport.** However, our findings support the
notion that to successfully participate in sport, athletes may
need to achieve a certain level of physical functioning to enable
optimal performance of sport-specific tasks.*” This has clinical
implications in terms of the provision of postoperative rehabili-
tation programmes and clearance of athletes to return to sport.
Furthermore, the large effect favouring a higher physical activity
level (Marx Activity Scale score) and returning to the preinjury
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level sport (standardised mean difference 3.1) demonstrates the
relationship  between more frequent participation in
sport-specific activities (jumping, running, cutting, pivoting) and
returning to sport.

Gender differences in returning to sport
Men were approximately one and a half times more likely than
women to return to either their previous level of sport
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Figure 3 Pooled rate of return to
preinjury level sport (65%, 95% Cl
59% to 72%).
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(OR=1.4) or competitive sport (OR=1.7). It could be specu-
lated that more men than women returning to competitive sport
might reflect differences in motivation for participating in
sport,” * or that men were more likely to play competitive
level sport compared with women. Equally, the fact that there
was no difference in the rate of return to any sport might

proportion (95% confidence interval)

suggest that overall a similar number of women and men return
to sport following surgery, but that more women participate at a
reduced level or intensity. It could also be speculated that
gender differences may reflect different social roles. However,
empirical evidence is lacking to explain gender differences in
returning to sport.
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Figure 4 Pooled rate of return to
competitive sport (55%, 95% Cl 46%
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Autograft choice—patellar tendon versus hamstring

Graft choice for ACL reconstruction surgery continues to be
debated. In the current review, people who received patellar
tendon grafts had modestly increased odds (1.2 times) of return-
ing to their preinjury level sport compared with those with ham-
string tendon grafts. However, this relationship was reversed for
returning to competitive level sport, where people who received
hamstring tendon grafts had more than twice the odds of
returning (OR=2.4). How can one explain these seemingly con-
trasting results?

First, although the difference between the two graft types for
returning to preinjury sport was statistically significant, the
actual percentage difference was only 5%. Second, most of the
included studies were not randomised for graft choice, and
therefore selection bias is very likely to have confounded the
results; many surgeons have a preference for the graft they will
use for professional players.’® Indeed, there were only five rele-
vant randomised studies,”! *'~** and when data from four of
these*! °! 92 °* (n=288; the fifth’® did not present separate

proportion (95% confidence interval)

data for graft type, but stated that there was no statistical differ-
ence in the rate of return to preinjury level sport between ham-
string and patellar tendon grafts) were combined using
meta-analysis, there was no difference in the return to preinjury
level sport rates between the two grafts (OR, 95% CI 1.02, 0.7
to 1.5, p=0.92). Also, the combined return rate was slightly
higher for hamstring grafts (59% hamstring vs 57% patellar
tendon) than for patellar tendon grafts. While there is inconsist-
ency in these results, the results of the randomised studies
suggest that any differences in the rate of return to preinjury
level sport between graft types may be small.

Graft type and subsequent ACL injury

In terms of returning to competitive sport, it is relevant to note
that there were approximately three times as many hamstring
tendon grafts (n=1164) as patellar tendon grafts (n=394) in the
meta-analysis. Therefore, the combined return to competitive
sport rates will be weighted towards the mean of the hamstring
grafts.
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Table 2 Relationships between contextual factors and pooled return to sport rates

Other

Surgery related

Person related

Contextual factor

Length of follow-up

Sports performance level

Graft type

Gender

>36 Months
(21, 16, 8)

12-36 Months
(21, 16, 7)

Up to 12 months

Elite Non-elite
9, 12, 9)

Patellar tendon
(17, 14, 3)

Hamstring tendon

(15, 20, 9)

Women

Men

Return to sport rate (articles contributing to

(51, 42, 19)

(6, 11, 9)

(5, 13, 5)

(7, 16, 8)

meta-analyses: any, preinjury, competitive sport)*

82 79

80* 84

89 83** 85

75

80

Return to any sport (%),

(mean, 95% Cl)

(63 to 90)

61

(72 to 90)

63

(72 t0 93)

66

(72 to 86)

(71 to 95)
60**

79

(64 to 95)
67**

(80 to 95)

62

(67 to 82)

52**

(68 to 90)

61

Return to preinjury level sport (%)

(mean, 95% Cl)

(50 to 72)

43

(53 to 73)

53

(52 to 79)

65

(53 to 67)

(70 to 86)
42**

81

(53 to 80)

27%*

(51 to 72)

47

(41 to 63)

68**

(50 to 71)
78

Return to competitive level sport (%)

(mean, 95% Cl)

(46 to 82) (37 to 69) (29 to 58)

(33 to 49)

(70 to 90)

(20 to 34)

(37 t0 93) (33 to 62)

(58 to 93)

*p<0.05, **p<0.01.

*The number of articles contributing data to each subgroup, for each return to sport rate, are reported in parentheses; article references are presented in online supplementary appendix C.

There is conflicting evidence regarding the risk of ACL graft
rupture according to graft type. Some recent studies have sug-
gested that there may be an increased risk of ACL graft rupture
for people with hamstring grafts.”>=>” However, other studies
have found no relationship between graft type and risk of ACL
rupture.*” It may be possible that the return to competitive
sport rate could be a confounding factor in analyses of ACL
graft rupture risk considering our findings of the higher rate of
return to competitive sport for hamstring tendon grafts com-
pared with patellar tendon grafts. Conversely, for contralateral
ACL injury, in the studies that have found a difference between
graft types, a higher incidence has been reported in patients
with patellar tendon grafts.’® 57

The difference in return to competitive sport rate between
graft types must be interpreted with caution as the majority of
studies were non-randomised, and in the only randomised con-
trolled trial (RCT) to report return to competitive sport rates,
which was published approximately 20 years ago,> there was
no difference between grafts. It would be premature to make
firm conclusions from the data included in the current review as
there are limited data from RCTs and few recent studies with
patellar tendon grafts.

Contextual factors—considerations for clinicians

Most of the contextual factors identified in this review as
impacting on returning to sport are non-modifiable, for
example, gender, age and preinjury sports participation level. In
contrast, the fact that physical functioning is modifiable with
appropriate intervention may be a reason why the focus of post-
operative rehabilitation has been on addressing knee function
impairments.** °® ¢ It seems reasonable to suggest that to be
able to cope with the physical demands of playing sport, treat-
ment for ACL injury must promote physical recovery such that
an athlete has the physical capacity to play their sport.

Our previous review' demonstrated that ACL reconstruction
surgery seems to be moderately effective at restoring knee move-
ment, muscle strength and neuromuscular control. However, to
maximise participation outcomes after surgery, clinicians may
also need to consider factors in addition to physical functioning.

Large effects favouring positive psychological responses and
returning to the preinjury level sport were identified in the
current review (standardised mean difference of at least 0.9),
which is particularly important because psychological factors
may be modifiable with appropriate interventions. The most
recently published clinical practice guidelines from 2010, for
rehabilitation following ACL reconstruction surgery, do not
emphasise interventions for psychological factors.®! However,
given that the data presented in these published guidelines are,
in some cases, over 10 years old, and that more recently pub-
lished studies have highlighted the potential importance of
addressing psychological factors, it is likely that many clinicians
may consider psychological factors in their rehabilitation
approach.

Incorporating routine screening for psychological responses
that could hinder returning to sport into standard postoperative
rehabilitation programmes may help clinicians identify athletes
at risk of not returning to sport. This may also enable appropri-
ate and timely interventions to be implemented that address psy-
chological factors. One example of an intervention that may
have merit for promoting the behaviour of returning to sport
following surgery is health coaching, which involves goal
setting, motivational interviewing and cognitive—behavioural
strategies to bring about behaviour change.*’ The current
review suggests that further research may be warranted to see if
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addressing individually relevant contextual factors during
rehabilitation might improve the return to sport rate.

It could be speculated that the level of investment an athlete
has in sport may influence the individual’s likelihood of return-
ing to sport after ACL injury and surgery. Elite athletes may
have greater time invested in sport through longer training
hours, higher performance expectations because they compete
at an advanced level, and they may derive financial benefit from
playing sport either as a professional player or as a sport schol-
arship holder. Elite players may also have access to intensive and
highly structured support from medical and rehabilitation pro-
fessionals that is not available to non-elite athletes. This may
explain why elite athletes had twice the odds of returning to
their preinjury level sport, and six times the odds of returning
to competitive sport as non-elite athletes.

Younger athletes were also more likely to return to their pre-
injury level sport (standardised mean difference —0.3). Age may
act as a proxy for other factors such as family or employment
commitments that limit the time an individual has to participate
in sport. It may be reasonable to assume that younger athletes
may have fewer family or employment commitments that could
mean they have more available time to participate in sport, and
that sport may also represent the major social outlet for younger
athletes. For those athletes whose lives and social networks are
inherently structured around participation in sport, a stronger
sense of athletic identity may be a positive motivator for return-
ing to sport. However, empirical data are required to confirm
these hypotheses.

Surgery is typically recommended for athletes who wish to
return to sport, particularly those that involve cutting and pivot-
ing, following an ACL injury.°> However, this review demon-
strates that just because an athlete has surgery, it does not
automatically mean that they will return to sport. There may be
reasons that explain why people do not return to sport, such as
poorly performed surgery, poorly performed postoperative
rehabilitation, lax criteria for rehabilitation progression and clear-
ance to return to sport, and a lack of emphasis on addressing psy-
chological factors in rehabilitation programmes. It is also
important to note that there may be other reasons that surgery is
recommended, for example, employment in a physically demand-
ing job, or recurrent knee instability with activities of daily living.
On the other hand, the fact that a proportion of athletes who
have ACL reconstruction surgery do not return to sport, despite
this being one of the main motivators for choosing surgery in the
first place, could suggest that the desire to return to sport alone
may be an insufficient indication for ACL reconstruction in some
cases. A recent randomised clinical trial found no difference in
knee function, health status and rate of return to preinjury activ-
ity level (including sport) at 2 and 5 years follow-up in young,
previously active people, regardless of whether they had operative
or non-operative treatment for ACL injury.'” '® This preliminary
evidence may suggest that some people who do not have surgery
may have the potential to achieve similar function and participa-
tion outcomes as those who do have surgery.

Strengths and limitations

The strengths of this review are that it combines data on return-
ing to sport from over 7000 patients after ACL reconstruction
surgery, and is the first to present results on the association
between contextual factors and returning to sport after surgery.
These findings support the emerging body of literature suggest-
ing that recovery of physical function alone may not be all that

is required for successful return to sport following ACL
reconstruction.®®

One limitation of the current review is that the meta-analysis
model did not allow for the investigation of interaction effects
between physical and contextual factors. Hence, it is not pos-
sible to make conclusions regarding whether particular combina-
tions of factors contribute to improving or reducing the chances
of an individual returning to sport after surgery. The secondary
aim of this review was also limited by the fact that of the 66
included articles, only 7 reported separate physical functioning
data, 2 reported separate data on age and 4 reported separate
psychological factors data for participants who did and did not
return to sport. If the relationship between these factors and
returning to sport is reported more consistently in future
studies, it will facilitate more definitive conclusions being made
regarding the impact of aspects of physical functioning and con-
textual factors on participation after surgery.

The high I? values indicated that there was a large amount of
heterogeneity in the return to sport data. Heterogeneity, mea-
sured by the I? statistic, provides an indication of the level of
agreement or disagreement in return to sport rates between
included articles.'* This is most easily observed in the forest
plots, which show the large range of return to sport rates
reported across individual studies. The heterogeneity may arise
due to differences in sampling across different studies; and
while some studies reported return to sport as a primary
outcome, in the majority of studies, evaluating returning to
sport was not the primary focus of the study. Higher heterogen-
eity reduces the certainty of the mean return to sport rate.
However, the use of a random-effects meta-analysis model (as in
the current review) takes the high heterogeneity into account,
providing a more conservative estimate of the return to sport
rate (a higher proportion returning to sport).

Specific contextual factors within individual studies, which
could not be accounted for in the meta-analysis, may have con-
tributed to variability in the return to sport rates. To be included
for review, studies must have reported a return to sport rate.
This means that studies evaluating return to sport using only an
activity rating scale such as the Tegner Activity Scale or IKDC
sports activity scale were not included. Therefore, there may be
additional information about returning to sport that was not
considered in the current review.

A final limitation is the quality of the articles included for
review. For example, item 3 on the quality assessment was ful-
filled by the lowest number of articles (64%). This demonstrated
that only 64% of included articles reported the preinjury par-
ticipation level of athletes. The preinjury participation level may
help to provide an indication of the most appropriate return to
sport outcome. For example, if athletes were not playing com-
petitive level sport before their injury, it may not be reasonable
to report the return to competitive sport rate.

Clinical conclusion

Combined data from over 7000 participants provide data to a
field that has seen a great deal of personal opinion and conjec-
ture.®* We demonstrated that 81% of people returned to some
form of sport after surgery, 65% returned to their previous level
of sport and 55% returned to competitive sport. Younger age
favoured returning to the preinjury level sport. Men had greater
odds of returning to their preinjury level sport than women;
and elite athletes had greater odds of returning to sport than
non-elite athletes. Receiving a hamstring tendon autograft

Ardern CL, et al. Br J Sports Med 2014;48:1543-1552. doi:10.1136/bjsports-2013-093398 9 of 11

“ybuAdoa Aq parosioid 1sanb Aq 202 ‘0z [dy uo jwod fwqg wslg//:dny woly papeojumoq '$T0Z 1ShBNy Gz Uo 86£E60-ST0Z-SHodslg/oeTT 0T Se paysiignd 1s.1 :pa suods r ig


http://bjsm.bmj.com/

favoured returning to competitive level sport, whereas receiving
a patellar tendon autograft favoured returning to the preinjury
level sport. A positive psychological response favoured returning
to the preinjury level sport. Symmetrical knee function also
favoured returning to the preinjury level of sport.

Perspectives

When evaluating sport participation outcomes at the population
level, first, it is important to specify the level of participation. In
this review, we classified return to sport rates as returning to any
sport, the preinjury level sport and competitive level sport.
However, it is also important to consider that after surgery some
athletes may change sports, change priorities regarding participa-
tion in sport or return to participation at a lower level than the pre-
injury level, and still be satisfied with their participation outcomes.
Therefore, determinants of success in returning to sport should
ideally be individualised according to the goals of the patient.

Most of the contextual factors that impacted on returning to
sport in the current review were non-modifiable. However, posi-
tive psychological responses, and subjective and objective mea-
sures of physical functioning, which are potentially modifiable
with appropriate interventions, favoured returning to the prein-
jury level sport. This may suggest that specifically addressing
both psychological factors and physical functioning factors in
postoperative rehabilitation programmes is warranted. Future
research should examine ways to provide patients with access to
rehabilitation programmes that address both psychological
factors and physical functioning factors.

What are the new findings?

» Fifty-five per cent of athletes return to competitive sport
after anterior cruciate ligament reconstruction surgery.

» Eighty-one per cent of people return to some form of sport,
and 65% return to their preinjury level sport.

» Younger age, male gender, playing elite sport and having a
positive psychological response were contextual factors that
favoured returning to the preinjury level sport.

» Symmetrical hopping performance favoured returning to the
preinjury level sport.

» People who received hamstring tendon autografts had
greater odds of returning to competitive level sport, whereas
people who received patellar tendon autografts had greater
odds of returning to their preinjury level sport.
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Supplementary Table 1

Article characteristics

Proportion with

Study quality
checklist (no.

Return to sport

First author Population previous ACL . rate Focus of study
X items
reconstruction, % ) % (level)
fulfilled)
Aglietti 1994 [1] (n=160) 0 3 87 (any) Graft type comparison
50 (preinjury)
18 (competitive)
Aglietti 1996 [2] (n=168) 6 6 93 (any) Surgical technique
Athletes 31 (preinjury) evaluation
22 (competitive)
Aglietti 1997 [3] (n=60) 0 4 95 (any) Graft type comparison
55 (preinjury)
Aglietti 2004 [4] (n=120) 0 6 63 (any) Graft type comparison
56 (preinjury)

Ardern 2011 [5] (n=307) 0 5 67 (any) Return to sport
Competitive 33 (preinjury)
athletes 33 (competitive)

Ardern 2012 [6] (n=314) 0 5 93 (any) Return to sport
Amateur athletes, 61 (preinjury)
at least 41 (competitive)
recreational level

Ardern 2013 [7] (n=187) 6 6 31 (preinjury) Return to sport
Amateur athletes, 26 (competitive)
at least
recreational level

Bak 2001 [8] (n=132) 0 5 61 (any) Surgical technique
Soccer players 61 (competitive) evaluation

Barrett 1991 [9] (n=45) 0 4 87 (any) Surgical technique

47 (preinjury) evaluation
51 (competitive)

Blonna 2012 [10] (n=47) 0 4 91 (preinjury) Psychometric properties
at least Outcome for Return to
recreational level Sports (SPORTS) score

Brophy 2012 [11]  (n=100) 0 5 72 (any) Return to sport
Football (soccer) 61 (preinjury)
players

Colombet 2002 (n=200) 0 6 85 (any) Surgical technique

[12] 68 (preinjury) evaluation

49 (competitive)

Daniel 1994 [13] (n=91) 0 3 86 (preinjury) ACL treatment technique

evaluation

Deehan 2000 [14]  (n=90) 0 3 86 (any) Surgical technique

evaluation

Erickson 2013 (n=52) Not reported 5 77 (preinjury) Return to sport

[15] Professional 77 (competitive)
foothall (soccer)
players

Erickson 2013 (n=25) Not reported 5 80 (preinjury) Return to sport

[16] Elite level skiers 80 (competitive)
and

snowboarders




Supplementary Table 1

Proportion with

Study quality
checklist (no.

Return to sport

First author Population previous ACL ; rate Focus of study
; items
reconstruction, % : % (level)
fulfilled)
Fabbriciani 2005  (n=18) Not reported 4 100 (any) Surgical technique
[17] Rugby players 100 (preinjury) evaluation
100 (competitive)
Feller 2003 [18] (n=165) 0 4 54 (preinjury) Graft type comparison
Frobell 2010 [19] (n=83) 0 5 41 (preinjury) ACL treatment technique
Amateur athletes, evaluation
at least
recreational level
Gobbi 2003 [20] (n=80) 0 6 65 (preinjury) Surgical technique
Regional or evaluation
national level
athletes
Gobbi 2006 [21] (n=100) 0 6 89 (any) Graft type comparison
58 (preinjury)
Grindem 2012 (n = 69) 0 6 68 (preinjury) Return to sport
(22] Played pivoting
sports twice per
week before
injury
Harris 2013 [23] (n=164) Not reported 5 98 (any) Return to sport
Professional 86 (preinjury)
basketball 98 (competitive)
players
Hasebe 2005 [24] (n=15) 0 4 100 (any) Surgical technique
33 (preinjury) evaluation
33 (competitive)
Heijne 2008 [25] (n=10) Not reported 6 80 (any) Qualitative evaluation of
50 (preinjury) return to sport
Hofmeister 2001 (n=22) 0 4 91 (any) Clinical evaluation
[26] 82 (preinjury)
lbrahim 2005 [27]  (n=85) Not reported 6 89 (any sport) Graft type comparison
Amateur athletes,
at least
recreational level
Jarveld 2001 [28] (n=72) 0 78 (preinjury) Clinical evaluation
Jarvinen 1995 (n=30) 17 (n =5) 27 (any) Surgical technique
[29] Amateur athletes,  (previous primary evaluation
at least ACL repair)
recreational level
Jerre 2001 [30] n=275 0 5 42 (preinjury) Clinical evaluation
Amateur athletes, 31 (competitive) (comparison between
at least recreational and
recreational level competitive athletes)
Kocher 2002 [31]  (n=201) 0 4 78 (any) Evaluation of patient
40 (competitive) satisfaction
Kvist 2005 [32] (n=62) 0 4 53 (preinjury) Psychological factors
31 (competitive) influencing return to sport
Langford 2009 (n=187) 0 5 51 (any) Psychological factors
[33] Competitive 51 (competitive) influencing return to sport

athletes




Supplementary Table 1

Proportion with

Study quality
checklist (no.

Return to sport

First author Population previous ACL ; rate Focus of study
reconstruction, % :}e“.“s % (level)
ulfilled)
Lee 2008 [34] (n=164) 0 5 62 (any) Return to sport
Amateur athletes, 44 (preinjury)
at least
recreational level
Lentz 2012 [35] (n=94) 0 4 91 (any) Return to sport
Amateur athletes, 55 (preinjury)
at least
recreational level
Makihara 2006 (n=16) 0 3 100 (any) Clinical evaluation
(36]
Marcacci 1995 (n=82) 0 4 73 (preinjury) Surgical technique
[37] Professional and evaluation
amateur athletes
Marcacci 1999 (n=40) 0 5 100 (any) Surgical technique
[38] Professional and 90 (preinjury) evaluation
amateur athletes
Marcacci 2003 (n=50) 0 5 90 (preinjury) Surgical technique
[39] Professional and evaluation
amateur athletes
Mascarenhas (n=38) 0 3 61 (preinjury) Graft type comparison
2010 [40] Athletes self-
reported preinjury
participation in
strenuous or very
strenuous sport
4-7 times/week
Mascarenhas (n=46) 0 4 50 (preinjury) Graft type comparison
2012 [41] Athletes self-
reported preinjury
participation in
strenuous or very
strenuous sport
4-7 times/week
McCullough 2012 (n = 96) 0 4 64 (preinjury) Return to sport
[42] High school- and 64 (competitive)
college-level
American football
players
McDevitt 2004 (n=95) 0 3 99 (any) Rehabilitation protocol
43] Cadets and 99 (preinjury) evaluation
midshipmen
Mikkelsen 2000 (n=44) 0 5 91 (any) Rehabilitation protocol
[44] 39 (preinjury) evaluation
Muellner 1998 (n=40) 0 4 100 (any) Rehabilitation protocol
[45] Amateur athletes, evaluation
at least
recreational level
Murray 2012 [46] ~ (n=114) 3 81 (any) Long term clinical
At”?atet” athletes, 55 (preinjury) evaluation (focus on
at leas

recreational level

osteoarthritis)




Supplementary Table 1

Proportion with

Study quality
checklist (no.

Return to sport

First author Population previous ACL ; rate Focus of study
; items
reconstruction, % : % (level)
fulfilled)

Myklebust 2003 (n=57) 0 5 88 (any sport) Clinical evaluation

[47] Three upper 58 (preinjury)
divisions of
Norwegian team
handball league

Nakayama 2000 (n=50) Not reported 4 100 (any) Return to sport

[48] Competitive 92 (preinjury)
athletes 92 (competitive)

Noyes 1997 [49] (n=56) 18 4 75 (any) Clinical evaluation

O'Neill 1996 [50]  (n=125) 6 4 90 (preinjury) Surgical technique

evaluation

Rebeyrotte- (n=55) Not reported 4 100 (any) Clinical evaluation

Boulégue 2005 71 (preinjury)

(51]

Roos 1995 [52] (n=157) 0 3 2 (any) Clinical evaluation
Football (soccer) 2 (preinjury)
players 22 (competitive)

Ross 2002 [53] (n=50) 0 3 100 (any) Return to participation
US air force (including sport and
cadets activities of daily living)

Sandberg 1988 (n=112) 0 4 48 (any) Surgical technique

[54] 18 (competitive) evaluation

Sauter 1998 [55]  (n=50) Not reported 3 72 (any) Surgical technique

evaluation

Scott 2011 [56] (n=18) Not reported 4 79 (preinjury) Return to sport
Professional 79 (competitive)
basketball
players

Seto 1988 [57] (n=25) 0 3 96 (any) Clinical evaluation

Shah 2010 [58] (n=49) 0 5 63 (preinjury) Return to sport
Professional 63 (competitive)

American football
players

Shaieb 2002 [59]  (n=70) 0 5 41 (preinjury) Graft type comparison

Shelbourne 1997  (n=1057) 0 4 95 (any) Rehabilitation protocol

[60] evaluation

Shelbourne 2000  (n = 662) 0 6 54 (any) Graft type comparison

[61] Amateur athletes,
at least
recreational level

Smith 2004 [62] (n=77) 0 5 81 (any) Return to sport
Competitive 56 (preinjury)
athletes

Thomeé 2013 [63] (n = 64) 0 6 47 (preinjury) Return to sport
Amateur athletes,
at least
recreational level

Tjong 2013 [64] (n=31) 0 4 35 (preinjury) Qualitative evaluation of
Competitive 40 (competitive) return to sport

athletes
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Proportion with

Study quality

checklist (no. Return to sport

First author Population previous ACL ; rate Focus of study
; items
reconstruction, % : % (level)
fulfilled)
Waldén 2011 [65] (n=71) Not reported 6 97 (any) ACL injury characteristics
93 (preinjury) in elite football

Webster 2008 (n=220) 9 3 69 (any) Psychological factors

[66] Competitive 40 (preinjury) influencing return to sport
athletes 44 (competitive)

Wiger 1999 [67] (n=429) 0 6 39 (any) Clinical evaluation
Competitive (gender comparison)
athletes

Zaffagnini 2008 (n=72) 0 4 96 (any) Surgical technique

[68]

evaluation




Supplementary Appendix A

Articles excluded from analysis

Reason for exclusion

Reference

No return to sport rate reported
(n=11)

Report on implementation of novel post-
operative rehabilitation intervention
(n=2)

Report on return to sport after two-stage
revision procedure
(n=1)

Combined return to sport data reported
for people with and without ACL
reconstruction surgery

(h=1)

Return to sport data published in previous
report
(h=1)

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;39:2536-2548.

Dunn WR, Spindler KP. Predictors of activity level 2 years after anterior cruciate
ligament reconstruction (ACLR): a Multicentre Orthopaedic Outcomes Network
(MOON) ACLR cohort study. Am J Sports Med 2010;38:2040-2050.

Flanigan DC, Everhart SJ, Pedroza A, et al. Fear of reinjury (kinesiophobia) and
persistent knee symptoms are common factors for lack of return to sport after
anterior cruciate ligament reconstruction. Arthroscopy 2013;29:1322-1329.

Griffith TB, Allen BJ, Levy BA, et al. Outcomes of repeat revision anterior cruciate
ligament reconstruction. Am J Sports Med 2013;41:1296-1301.

Hartigan EH, Lynch AD, Logerstedt DS, et al. Kinesiophobia after anterior cruciate
ligament rupture and reconstruction: Noncopers versus potential copers. J Orthop
Sports Phys Ther 2013;43:821-832.

Hettrich CM, Dunn WR, Reinke EK, et al. The rate of subsequent surgery and predictors
after anterior cruciate ligament reconstruction. Two- and 6-year follow-up results
from a multicentre cohort. Am J Sports Med 2012;41:1534-1540.

Kamien PM, Hydrick JM, Replogle WH, et al. Age, graft size, and Tegner Activity Level
as predictors of failure in anterior cruciate ligament reconstruction with hamstring
autograft. Am J Sports Med 2013; doi: 10.1177/0363546513493896.

Kvist J, Osterberg A, Gauffin H, et al. Translation and measurement properties of the
Swedish version of ACL-Return to Sports after Injury questionnaire. Scand J Med
Sci Sports 2013;23:568-575.

McRae S, Leiter J, McCormack R, et al. Ipsilateral versus contralateral hamstring grafts
in anterior cruciate ligament reconstruction: A prospective randomized trial. Am J
Sports Med 2013;41:2492-2499.

Mohammadi F, Salavati M, Akhbari B, et al. Comparison of functional outcome
measures after ACL reconstruction in competitive soccer players: a randomized
trial. J Bone Joint Surg Am 2013;95:1271-1277.

Zaffagnini S, Bruni D, Muccioli GMM, 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;19:390-397.

Carson F, Polman R. Experiences of professional rugby union players returning to
competition following anterior cruciate ligament reconstruction. Phys Ther Sport
2012;13:35-40.

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.

Franceschi F, Papalia R, Del Buono A, et al. Two-stage procedure in anterior cruciate
ligament revision surgery: A five-year follow-up prospective study. Int Orthop
2013;37:1369-1374.

Féalstrdm A, Hagglund M, Kvist J. Patient-reported knee function, quality of life, and
activity level after bilateral anterior cruciate ligament injuries. Am J Sports Med
2013;doi: 10.1177/0363546513502309.

Keays SL, Newcombe PA, Bullock-Saxton JE, et al. Factors involved in the development
of osteoarthritis after anterior cruciate ligament surgery. Am J Sports Med
2010;38:455-463.




Supplementary Appendix A

Data excluded from analysis

Articles with overlapping return to sport data

First author Follow up Return to sportrate,  Number of participants
% included
Ardern 2011 [5] 12 months post-operative 67 (any) 307 of 503 (196 competitive
33 (preinjury) athletes with data reported in
33 (competitive) Ardern 2012 were excluded)
Ardern 2012 [6] Average 39 months post-operative 66 (any) 314 of 314
45 (preinjury)
41 (competitive)
Frobell 2010 [19] 2 years post-operative 41 (preinjury) 83 0of 83
Frobell 2013 [69] 5 years post-operative 21 (preinjury) 00f 83

Articles reporting multiple return to sport rates (within the same article)

First author Follow up Return to sport rate, %  Return to sport rate
reported in review, %

Ardern 2012 [6]  Any time since surgery (range 2 to 7 years) 93 (any) 93 (any)
45 (preinjury) 45 (preinjury)
41 (competitive) 41 (competitive)
At the time of follow up (average 39 months) 66 (any)
45 (preinjury)
29 (competitive)
Brophy 2012 Average 12 months post-operative 72 (any) 72 (any)
[11] 61 (preinjury) 61 (preinjury)
Average 7 years post-operative 35 (any)
16 (preinjury)
Deehan 2000 2 years post-operative 86 (any) 86 (any)
4] 3 years post-operative 83 (any)
4 years post-operative 68 (any)
5 years post-operative 66 (any)
Smith 2004 [62] 12 months post-operative 81 (any) 81 (any)
56 (preinjury) 56 (preinjury)
Average 43 months post-operative 60 (any)
30 (preinjury)
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First author

Criterion 1  Criterion 2

Selection
criteria

Representative
sample

Criterion 3

Preinjury sport
participation described

Criterion 4

Prospective
data collection

Criterion 5

Demographic
data reported

Criterion 6

Return to preinjury
sport level reported

Aglietti 1994 [1]
Aglietti 1996 [2]
Aglietti 1997 [3]
Aglietti 2004 [4]
Ardern 2011 [5]
Ardern 2012 [6]
Ardern 2013 [7]
Bak 2001 [8]
Barrett 1991 [9]
Blonna 2012 [10]
Brophy 2012 [11]
Colombet 2002 [12]
Daniel 1994 [13]
Deehan 2000 [14]
Erickson 2013 [15]
Erickson 2013 [16]
Fabbriciani 2005 [17]
Feller 2003 [18]
Frobell 2010 [19]
Gobbi 2003 [20]
Gobbi 2006 [21]
Grindem 2012 [22]

< < < < < Z < < < < < < < zZ < < < < < < < <

<~ < < < Z Z < < Z < < < < Z < < < < < < < =z

<~ < < Z Z < < < Z Z < < Z < < << <<z < <

<~ < < < < < Z Z < < < < Z < <<z zZz < < < <

< < < < < < < <X < Z < < < < < < < < < < < =z

<~ < < < < < < < Z Z < < < < Z < < < < zZ < =
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Criterion 1  Criterion 2 Criterion 3 Criterion 4 Criterion5  Criterion 6
Selection Representative  Preinjury sport Prospective Demographic  Return to preinjury
First author criteria sample participation described  data collection datareported  sport level reported
Harris 2013 [23] Y Y Y N Y Y
Hasebe 2005 [24] N N Y Y Y Y
Heijne 2008 [25] Y Y Y Y Y Y
Hofmeister 2001 [26] Y Y N N Y Y
lbrahim 2005 [27] Y Y Y Y Y Y
Jarveld 2001 [28] Y N Y N Y Y
Jarvinen 1995 [29] N Y Y Y N N
Jerre 2001 [30] Y Y Y N Y Y
Kocher 2002 [31] Y Y N Y Y N
Kvist 2005 [32] Y Y N N Y Y
Langford 2009 [33] Y Y Y Y Y N
Lee 2008 [34] Y Y Y N Y Y
Lentz 2012 [35] Y Y N N Y Y
Makihara 2006 [36] N N Y Y Y N
Marcaccil995 [37] N N Y Y Y Y
Marcacci 1999 [38] Y N Y Y Y Y
Marcacci 2003 [39] Y N Y Y Y Y
Mascarenhas 2010
[40] Y N N N Y Y
Mascarenhas 2012
[41] Y N N Y
McCullough 2012 [42] Y N Y N Y Y
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First author

Criterion 1  Criterion 2

Selection
criteria

Representative
sample

Criterion 3

Preinjury sport
participation described

Criterion 4

Prospective
data collection

Criterion 5

Demographic
data reported

Criterion 6

Return to preinjury
sport level reported

McDevitt 2004 [43]
Mikkelsen 2000 [44]
Muellner 1998 [45]
Murray 2012 [46]
Myklebust 2003 [47]
Nakayama 2000 [48]
Noyes 1997 [49]
O'Neill 1996 [50]

Rebeyrotte-Boulégue
2005 [51]

Roos 1995 [52]

Ross 2002 [53]
Sandberg 1988 [54]
Sauter 1998 [55]
Scott 2011 [56]

Seto 1988 [57]

Shah 2012 [58]
Shaieb 2002 [59]
Shelbourne 1997 [60]
Shelbourne 2000 [61]
Smith 2004 [62]

ZzZ < Z < < < < <

<~ < < < < < < < < < zZ <
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dix B

Criterion 1  Criterion 2 Criterion 3 Criterion 4 Criterion5  Criterion 6
Selection Representative  Preinjury sport Prospective Demographic ~ Return to preinjury
First author criteria sample participation described  data collection datareported  sport level reported
Thomeé 2013 [63] Y Y Y Y Y Y
Tjong 2012 [64] Y Y Y N N Y
Waldén 2011 [65] Y Y Y Y Y Y
Wehbster 2008 [66] Y N N Y Y N
Wiger 1999 [67] Y Y Y Y Y Y
Zaffagnini 2008 [68] Y Y N Y Y N
No. of articles fulfilling
each criterion (% of
total included studies) 60 (87) 46 (67) 44 (64) 47 (68) 61 (88) 51 (74)

Note
Y = criterion fulfilled
N = criterion not fulfilled
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Supplementary Appendix C

Articles contributing data to contextual factor sub-group analysis

Contextual factor Variable Reference

Men [5, 7,11, 15-17, 23, 25, 27, 32, 35, 42, 47, 58, 62, 64]
Gender

Women 5,7, 11, 16, 25, 26, 32, 35, 47, 56, 62-64]

Hamstring tendon
Graft type
Patellar tendon

Sports performance level Elite

Non-elite

Up to 12 months
Length of follow up 12-36 months

> 36 months

[1-7,11, 12, 18, 19, 21, 24, 34, 38, 39, 41, 48, 50, 59, 63, 68]

[1,3,4,10, 13, 18, 21, 28-30, 40, 41, 43-47, 49, 50, 54, 59-61,
67

[12, 15-17, 23, 37, 47, 56, 58, 64, 65]

[1-14, 18-22, 24-36, 38-42, 44-46, 48-55, 57, 59-64, 66-68]
[5, 7,11, 15, 16, 22, 23, 33-35, 45, 48, 62, 65]

[1,4,12, 14, 17-21, 24-26, 29-31, 36, 43, 44, 49, 51, 53, 63]

[2,3,6,8-10, 13, 27, 34, 37, 40, 41, 46, 47, 50, 52, 54, 57, 60
61, 67, 68]
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