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Abstract

Purpose To evaluate the rate at which children and adolescent athletes return to sporting activities after anterior cruciate
ligament (ACL) reconstruction.

Methods Three databases, PubMed, MEDLINE, and EMBASE, were searched from database inception until September 9,
2017 by two reviewers independently and in duplicate. The inclusion criteria were English language studies that reported
return to sport outcomes. Book chapters, conference papers, review articles, and technical reports were excluded. The rate
of return to sports was combined in a meta-analysis of proportions using a random-effects model.

Results Overall, 20 studies with a combined total of 1156 ACL reconstructions met the inclusion criteria, with a mean age
of 14.3 years (range 6—19) and a mean follow-up time of 6.5 years (range 1-22). All studies were level IV evidence (14
retrospective case series and 6 prospective case series). The pooled rate of return to any sport participation was 92.0% [95%
confidence interval (CI), 86-96%]. The pooled rate of return to pre-injury level of sport was 78.6% (95% CI 71-86%) and
that to competitive level of sport was 81.0% (95% CI 62-94%). A total of 93 of the 717 assessed athletes (13%) sustained
re-injuries with graft ruptures, and in 91 of 652 patients (14%), contralateral ACL injuries were reported on final follow-up.
Conclusion Pooled results suggest a high rate of return to sport following ACL reconstruction in children and adolescent
athletes; however, this is associated with a relatively high rate of graft rupture and a similar rate of contralateral ACL injury.
This study provides clinicians with evidence-based data on the ability of children and adolescent athletes to return to sport
after ACL reconstruction, an important consideration for athletes of this population with ACL injuries.

Level of evidence IV, systematic review of level IV studies.

Keywords Pediatric - Adolescent - Child - Anterior cruciate ligament reconstruction - Sport

Introduction

More than 120,000 anterior cruciate ligament (ACL) recon-
structions are performed per year in the US [27]. In the pedi-
atric population, the rate of ACL reconstruction has been
P4 Olufemi R. Ayeni steadily increasing over the past 20 years [12], owing in part

ayenif @mcmaster.ca to the increased sport participation by younger athletes [13].
) It has been estimated that 50.9 [95% confidence interval (CI)
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McMaster University, Hamilton, ON, Canada 48.8-53.0] per 100,000 children aged 10-19 undergo ACL
reconstruction per year [12].
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of secondary meniscal and chondral injuries in the pediatric
population [1]. Recent literature has also favored early ACL
reconstruction over delayed or non-operative management
in children and adolescents, reporting improved stability and
activity levels in those who had undergone early surgery
[34]. Moreover, delayed reconstruction may increase the risk
of secondary meniscal and chondral injuries in the pediatric
population [1]. Furthermore, delaying surgery results in sig-
nificantly reduced rates of participation in higher level sport
[30], and this must be carefully considered in the manage-
ment of these patients as sport restriction is not feasible in
this age group [33].

While the rate of return to sport has been synthesized
in systematic reviews and meta-analyses for all individuals
undergoing ACL reconstruction 2], the rate at which pediat-
ric patients return to sports is unclear. This is vital informa-
tion to pediatric athletes, wherein one of the most important
outcomes for these patients is the ability to return to sport.
The purpose of this systematic review and meta-analysis is
to examine the rate at which children and adolescent athletes
return to sport after ACL reconstruction.

Materials and methods

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses) statement was used for the
reporting of study selection [29].

Search strategy

The online databases PubMed, EMBASE, and MEDLINE
were searched for literature addressing return to sports fol-
lowing ACL reconstruction in the pediatric population from
database inception until September 9th, 2017. The search
terms “ACL”, “Adolescent/pediatric”, and “sport” were used
(Table 6 in “Appendix”).

Study screening

Two reviewers (JK and MM) independently screened the
titles, abstracts, and full-text articles resulting from the
searches. Any disagreements were resolved by consensus
discussion between reviewers and a senior author (ORA)
when necessary. The references of the included studies were
then screened for additional articles that may not have been
captured by the initial search strategy.

Assessment of study eligibility
The research question and eligibility criteria were deter-

mined a priori. The inclusion criteria included studies writ-
ten in English, human studies, and studies investigating
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return to sport following ACL reconstruction in children
or adolescents. The age range of children/adolescents was
defined as those age 19 and younger. Studies of all levels
were included. Cadaveric studies, animal studies, conference
papers, book chapters, review articles, and technical reports
were excluded.

Quality assessment

The Methodological Index For Non-Randomized Studies
(MINORS), which was designed to assess the methodo-
logical quality of comparative and non-comparative, non-
randomized surgical studies, was applied to the included
studies and was scored independently by two reviewers (JK
and MM) [37]. The MINORS checklist assigns a maximum
score of 16 for non-comparative studies and a maximum
score of 24 for comparative studies. Any disagreements were
resolved by consensus discussion between reviewers and a
senior author (ORA) when necessary.

Assessment of agreement

Inter-reviewer agreement was assessed by the kappa (k) sta-
tistic for the title, abstract, and full-text screening stages. An
intra-class correlation coefficient (ICC) was calculated for
the quality assessment using the MINORS criteria. Agree-
ment was categorized a priori as follows: x/ICC of 0.61 or
greater was considered substantial agreement; x/ICC of
0.21-0.60, moderate agreement; and x/ICC of 0.20 or less,
slight agreement [25].

Data abstraction and statistical analysis

Two reviewers (JK and MM) collected data in duplicate and
recorded them in a Microsoft Excel spreadsheet (Version
2007, Microsoft, Redmond, WA, USA). Data regarding
authors, year of publication, location of study, study design,
level of evidence [42], sample size, age, gender, follow-up,
rehabilitation protocols, graft rupture rates and contralateral
ACL injury rates, and complications were recorded.

The primary outcome was the rate at which patients
returned to sport. A meta-analysis of proportions was con-
ducted to determine the pooled rate of return to sport, and
return to pre-injury level of sport. Subgroup analyses were
conducted where possible. To establish the variance of the
raw proportions, a Freeman—Tukey transformation was
applied [15]. The transformed proportions were then com-
bined using the DerSimonian—Laird random-effects model
(to incorporate the anticipated heterogeneity) [11]. The pro-
portions were back-transformed using an equation derived
by Miller [23]. The Chochran Q and I? tests were used to
assess heterogeneity. Values of I* between 25 and 49% were
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considered “low”, 50-74% “moderate”, and values greater
than 75% considered to be high statistical heterogeneity [20].

For other variables, where results were presented in a
non-uniform nature across studies, the results are presented
in narrative summary fashion. Descriptive statistics includ-
ing means, proportions, ranges, kappa values, and ICC val-
ues were calculated using Minitab® statistical software (Ver-
sion 17, Minitab Inc., State College, USA).

Results
Search strategy and study characteristics

The initial search of three databases resulted in 3578 total
studies. A systematic screening approach removed articles
failing to meet inclusion criteria and resulted in 20 available
full-text articles for review (Fig. 1). There was substantial
agreement among reviewers at the title (k=0.842; 95% CI
0.819-0.865), abstract (k=0.871; 95% CI10.831-0.911), and
full-text (x=1.00) screening stages. A total of 20 studies,
including 1156 pediatric patients, met the inclusion crite-
ria and were included for assessment, 45% (490 of 1088
reported) of which were female. The mean age of patients

included was 14.3 years (range 6—19 years), and the mean
follow-up time was 6.5 years (range 1-22 years).

Study quality

Fourteen retrospective case series and six prospective
case series were identified. The median MINORS scores
for these non-comparative studies were 9 out of 16 (range
6-11). Overall, 100% of studies had a clearly stated aim,
75% had appropriate endpoints, 90% had an appropriate
follow-up period, and 80% had loss of follow-up less than
5%. However, only 30% of studies had prospective collection
of data and only 10% of studies had unbiased assessment
of study endpoints. There was substantial inter-rater agree-
ment for the MINORS score with an ICC of 0.836 (95% CI
0.782-0.890) (Table 1).

Patient characteristics

The physeal status was reported in 370 patients, of which
346 had an open physis on pre-operative radiographic
assessment. Tanner stages were reported in 190 of the
patients of which 85 (45%) were Tanner stages 1 or 2, 53
(28%) were Tanner stage 3, 51 (27%) were Tanner stage
IV, and 1 (< 1%) was Tanner stage V. In the studies where

Fig.1 PRISMA flow diagram
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Table 1 Study characteristics

References Study design (level of Minors score  Num- % female Follow-up time (range), = Mean age (range), years
evidence) ber of months
patients
Calvo et al. [3] Retrospective case series 9 27 41 10.6 years (range 13 years (range
av) 1013 years) 12-16 years)
Cohen at al. [5] Retrospective case series 9 26 58 45+ 18.3 months 13.3 years (11-15)
v
Cordasco et al. [6] Prospective case series 10 23 26 32.1 months (range 12.2 years (range
(Iv) 24-45 months) 9.9-14.5 years)
Chicorelli at el. [4] Retrospective case series 7 250 54 24 months 12.7 years (range 6-14)
av
Dekker et al. [9] Retrospective case series 11 85 60 48.3 +15.3 months 13.9+2.1 years (range 6 to
av) 17 years)
Demange et al. [10] Prospective case series 10 12 42 15-years (range 10.7 years (range
av) 15-22 years) 8.3—-12.4 years)
Giudici et al. [8] Prospective case series 9 19 26 5 years 13.9 years (12 to 16)
av
Goddard et al. [17] Prospective case series 10 29 38 2 years 13 years (range 8-16 years)
Iv)
Graziano et al. [18] Prospective case series 9 42 29 NR 12 years (range
av) 10-15 years)
Holwein et al. [21] Retrospective case series 6 42 33 24.9 months (range 13.2 years (range 9.8-15.9)
Iv) 9.3-50.1, SD+11.4)
Hui et al. [22] Retrospective case series 8 16 25 25 months (range 21-34 12 years (range 8—14 years)
av) months)
Jong et al. [24] Retrospective case series 7 11 0 77.7 months (range 14.7 year (range 13.1-
av) 45.0-131) 15.5)
Larson et al. [26] Retrospective case series 9 29 55 4 years (range 13.9 years (range
Iv) 24-84 months) 9-16 years)
McCullough et al. [28] Retrospective case series 9 68 NR NR Range 13-17
Iv)
Morgan et al. [31] Prospective case series 10 242 43 16.5 years 16 years (range
av) 13-18 years)
Placella et al. [33] Retrospective case series 7 29 34 8 years minimum 13.15 years (range
av) 9-14 years)
Schmale et al. [35] Retrospective case series 7 29 79 4 years (range 2-8 years) 14 years (range and
Iv) maximum NR), only ado-
lescent and preadolescent
patients included
Shelbourne et al. [36]  Retrospective case series 9 16 31 3.4+1.1 years 14.8 +£0.68 (range
aIv) 13.09-15.82 years)
Wall et al. [39] Retrospective case series 7 21 19 3.6+ 1.4 years (range 11 years (range 8-15 years)
(Iv) 2.0-6.6 years)
Webster et al. [41] Retrospective case series 8 140 41 5 years (range 3—7 years) 17.2 years (SD, 1.3 years),

av)

all patients < 20 years

NR not reported

the pre-operative sports were reported, the most com-
monly reported sports were football/rugby (n=198), soc-
cer (n=194), basketball (n=114), skiing (n=62), lacrosse
(n=20), and baseball/softball (n=20) (Table 2).
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Procedure and rehabilitation details

The technique utilized for tunnel drilling was reported in
18 studies. A transphyseal technique was reported to have
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been used for 683 patients (75%), while an all-epiphyseal
technique was used in 226 patients (25%). The most com-
monly used graft types were hamstring autografts (n =864),
allografts (including patellar tendon, tibialis anterior, and
iliotibial) (n=139), bone patella-tendon-bone autografts
(n=108), and living donor hamstring grafts (n =45). The
criteria for returning to sport were reported by nine studies
(45%). Four studies reported a timeframe for return to sport-
ing activities with 3 allowing return between 6 and 9 month
postoperatively [22, 31, 39], while one study delayed return
to sport until 12 months postoperatively [17]. Two stud-
ies evaluated the quality of movements of the athletes and
allowed to return when these were deemed safe with proper
control and quality of sports-specific movements [6, 18].
Finally, four studies allowed return to sports when patients
regained 90% strength symmetry in the reconstructed knee
[3, 26, 33, 39] (Table 3).

Return to sport

The pooled rate of return to any sporting activities as
reported in 18 studies (n=852) was 92.0% [95% CI
86.2-96.2, I’=78.21% (66.1-86.0%), Q =78.0] (Fig. 2).
The pooled rate of return to sport at the pre-injury level
was reported in 19 studies (n=1008) as 78.6% [95% CI
70.7-85.7%, I> =85.8% (79.3-89.5%), Q = 128.7] (Fig. 3).
For those that participated in competitive sports before the
injury, the pooled rate of return to competitive level of sport
was 81.0% [95% CI 62.3-94.4%, =92.2% (87.0-95.3%),
0=289.8].

A subgroup analysis revealed a rate of return to any sport
participation of 91% (95% CI 84-96%, I* = 69.3%) for those
reconstructed with hamstring tendon autografts (11 studies),
while 80% (95% CI 66-91%, I> =86.5%) returned to their
pre-injury level of play (10 studies). Those reconstructed
using a transphyseal technique returned to any sport par-
ticipation at a rate of 94% (95% CI 88-99%, I*=54.4%) (10
studies), and returned to pre-injury level of play at a rate of
82% (95% CI 72-90%, I*=79.3%) (12 studies). Following
all-epiphyseal ACL reconstruction, adolescents returned to
any sport participation at a rate of 91% (95% CI 83-96%,
I>=8.4%) (four studies). In ACL reconstruction in patients
14 years old or younger, 98% (95% CI 94-100%, I =37.6%)
returned to some level of sport (5 studies). The remainder of
the subgroups that were assessed had less than four studies
in each group and were, therefore, not combined in a meta-
analysis of proportions (Table 4).

Secondary outcomes
When reported, there were a total of 93 graft ruptures (13%)

in 717 reconstructed knees and a rupture of the contralateral
ACL in 91 (14%) of 652 knees. Correlation between earlier
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return to sport and graft rupture was reported in only one
study [9]. This study used a Cox regression analysis to assess
risk factors for subsequent ACL injuries and found a signifi-
cant correlation with time to return to sport [hazard ratio
0.86 (95% CI 73-98%), p=0.03] [9]. Two studies reported
correlation between return to high level sports and contralat-
eral ACL rupture [9, 31]. Complications related to growth
between the operative and non-operative limb were reported
in 32 patients overall. Twenty-three patients had overgrowth
of the operative leg; with three having a leg-length discrep-
ancy greater than 20 mm, 6 between 7 and 19 mm, and 14
between 1 and 7 mm. Five patients had decreased growth of
the operative limb with a discrepancy between 1 and 7 mm.
Four patients had valgus (n=1) or varus (n=3) deformity of
the operative limb between 3° and 4.5° (Table 5).

Discussion

The most significant finding in the present study was a very
high rate of return to any sporting activity after ACL recon-
struction in the pediatric population (92%), and a high rate
of return to competitive level sports at the pre-injury level
(81%). Unfortunately, this was associated with a relatively
high graft rupture rate (13%) and injury to the contralateral
ACL (14%).

The rate of graft rupture in young athletes undergoing
ACL reconstruction has been reported to be as high as 20%
[40]. High rates of re-injury have prompted concern over the
early return to sports in young athletes after ACL reconstruc-
tion [9]. The present meta-analysis has identified a high rate
of graft rupture (13%) as well as contralateral ACL injury in
these athletes. This high rate of graft or contralateral ACL
rupture following ACL reconstruction in this age group
(close to 30% combined) highlights an important concern
during rehabilitation for this population. Therefore, special
precaution should be considered in children and adolescent
athletes who undergo ACL reconstruction. However, the
similar rates of graft and contralateral ACL rupture may
suggest that underlying patients’ predisposition to ACL
injury or the high-risk activities with which these athletes
are participating may be more relevant to graft rupture than
the readiness of the reconstructed ligament to sustain these
activities. This is supported by a 15-year follow-up study by
Morgan et al. who noted that return to high-risk sports was
a risk factor for contralateral ACL injury in young athletes
that had undergone ACL reconstruction, while it was not
found to be a significant risk factor for graft rupture in the
operative knee [31].

Compliance in activity restriction is historically poor
among this group [32]. Several re-ruptures in the present
review were reported in patients who returned to sports
pre-maturely against medical advice. Parent and caregiver
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Fig.2 Forest plot demonstrat- Calvo (2015)
ing a pooled rate of return to
any level of sport of 92% after Cohen (2009)

ACL reconstruction in children
and adolescents based on the
reported rates in 18 studies
combined using a random-
effects model

Cordasco (2017)
Chicorelli (2017)

Dekker (2017)

1.00 (0.87, 1.00)

0.88(0.70, 0.98)

0.96 (0.78, 1.00)
0.96 (0.92, 0.98)

0.91 (0.82, 0.96)

Demange (2014)
Giudici (2016)
Goddard (2013)
Graziano (2017)
Holwein (2016)
Hui (2012)

Jong (2005)
Larson (2016)

McCullough (2012)

0.83 (0.52, 0.98)

0.89(0.67, 0.99)

0.86 (0.68, 0.96)

0.93 (0.81, 0.99)

0.83 (0.69, 0.93)

1.00 (0.79, 1.00)

0.91(0.59, 1.00)
1.00 (0.88, 1.00)

0.63 (0.51, 0.75)

Placella (2016)
Shelbourne (2004)

Wall (2017)

1.00 (0.88, 1.00)

1.00 (0.79, 1.00)

0.81 (0.58, 0.95)

Webster (2017)

combined

0.5

education and close observation and monitoring to ensure
these patients are adhering to activity restrictions is critical
given the high rates of re-injury and inherently poor compli-
ance in activity restriction.

There is currently a lack of universal guidelines in terms
of optimal rehabilitation and return to sport protocols after
ACL reconstruction in the pediatric population [32]. Adher-
ence to similar return to sport timelines as per adult patients
is complicated by the fact that some pediatric patients may
have significant muscle deficits for more than a year after
ACL reconstruction and may benefit from a more prolonged
rehabilitation [19]. It is imperative that specific return to
sport criteria are used and followed by the patients under-
going ACL reconstruction to ensure readiness to return
and limit the rate of re-injury [18]. Criteria that have been
reported in the literature include a battery of tests aimed at
measuring impairments in strength and power of the leg,
examination of proactive and reactive activities simulating
a real-case sport activity scenario, as well as psychomet-
ric assessments [7]. Less than half of the included studies
reported specific criteria that patients were required to meet

0.76 (0.69, 0.83)

0.92 (0.86, 0.96)

0.7 0.8 0.9 1.0

proportion (95% confidence interval)

before returning to sports. While definitive guidelines are
lacking, particularly for patients of this age group, recent
studies have investigated individualized programs and tar-
gets for young athletes using quality of movement assess-
ments [6, 18].

A previous systematic review and meta-analysis of 69
studies by Ardern et al. assessed the rate at which individu-
als of all ages (mean 25.8, SD 3.2 years) return to sport
following ACL reconstruction. Eighty-one percent returned
to any sport, 55% returned to competitive sports, and 65%
returned to their pre-injury level of competition [2]. These
rates are lower than the corresponding rates of 92, 81, and
79%, respectively, identified in the present meta-analysis.
Younger athletes are likely more determined to return to
sporting activities, and have fewer commitments such as
work and family restricting their return to sports.

A meta-analysis of 55 studies by Frosch et al. assessed
the clinical outcomes after ACL reconstruction in children
and adolescents [16]. The rate at which the athletes returned
to sports was not assessed by this study; however, it was
found that the overall rate of growth disturbances after ACL

@ Springer
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Fig. 3 Forest plot demonstrating
a pooled rate of return to the
pre-injury level of sport of 79%
after ACL reconstruction in
children and adolescents based
on the reported rates in 19 stud-
ies combined using a random-
effects model

Calvo (2015)
Cohen (2009)
Cordasco (2017)
Chicorelli (2017)
Dekker (2017)
Giudici (2016)
Goddard (2013)
Graziano (2017)
Holwein (2016)
Hui (2012)

Jong (2005)

Larson (2016)
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0.86 (0.68, 0.96)

0.93 (0.81, 0.99)

0.64 (0.48, 0.78)
1.00 (0.79, 1.00)

0.91 (0.59, 1.00)

0.76 (0.56, 0.90)

McCullough (2012)
Morgan (2016)
Placella (2016)

Schmale (2014)

0.48 (0.33, 0.63)

0.69 (0.63, 0.75)

0.69 (0.49, 0.85)

Shelbourne (2004)

Wall (2017)

0.41 (0.24, 0.61)

1.00 (0.79, 1.00)

Webster (2017)

combined

0.3

reconstruction in this population was less than 2%, simi-
lar to the growth disturbance rate of 2.7% identified in the
present systematic review. It was found that those recon-
structed with a transphyseal technique and with hamstring
tendon autografts had lower rates of growth disturbances but
a higher rate of graft re-rupture than those who had an epi-
physeal technique or bone patellar tendon-bone. However,
the rate of growth disturbance was much higher in Fauno
et al. who reported on the results of transphyseal ACLR
using hamstring autograft without intraosseous-placed fixa-
tion implants in pediatric patients (mean 11.7 years, range
9.0-14.0 years) and found more than 10 mm of shortening
of the operated leg in 24%, and a change in anatomic femoral
axis in 82% of the patients [14].

Finally, it is important to note that studies on return to
play after ACL reconstruction have inherent bias as fac-
tors other than the patients reconstructed knee may affect
whether they return to sport and at which level. For instance,
they may be entering a period of transition where they do
not have the ability to move to the next level of play or their

@ Springer

0.57 (0.34, 0.78)

0.50 (0.41, 0.59)

0.79 (0.71, 0.86)
0.5 0.6 0.7 0.8 0.9 1.0

proportion (95% confidence interval)

priorities change such as those entering post-secondary edu-
cation. Other factors that limit the ability of young athletes
to return to sport are psychological factors, primarily the fear
of re-injuring the reconstructed ACL [38].

This systematic review and meta-analysis is limited by
the quality of the studies that were included for assessment.
These studies were primarily retrospective observational
studies, without control groups for comparison or rand-
omized designs to limit bias. Other potential biases included
differences across studies in terms of the sport and level of
participation. Furthermore, various graft types were used
and different techniques used for tunnel drilling and graft
fixation creating a somewhat heterogeneous group. Moreo-
ver, most studies did not report the different rates of return
to sporting activities for patients in separate groups. As such,
this meta-analysis could not compare the rates of return to
sport for children and adolescents reconstructed with dif-
ferent methods, or those participating in different level and
types of sports. However, subgroup analyses of the return
to sport rates were conducted wherever possible. There was



Knee Surgery, Sports Traumatology, Arthroscopy

Table 4 Return to sport outcomes

References

Number of patients Time to return to

returning to sport
at any level (of
total patients)

sport at any level
(range), months

Number of patients
returning to sport
at pre-operative
level (of total

Time to return to
sport at pre-opera-
tive level (range),
months

Number of patients Time to return to

returning to com-
petitive sport (of
those who partici-

competitive sport
(range), months

patients) pated in competi-
tive sports)
Calvo et al. [3] 27127 NR 24/27 NR NR NR
Cohen at al. [5] 23/26 NR 23/26 NR NR NR
Cordasco et al. [6] 22/23 13.5 (8-22) 22/23 13.5 (8-22) 22/23 13.5 (8-22)
Chicorelli at el. [4] 239/250 9+1 107/142 NR NR NR
Dekker et al. [9] 77/85 9.6+3212t024) 65/77 9.6+32((2to24) NR NR
Demange et al. 10/12 NR NR NR 5/12 NR
[10]
Giudici et al. [8] 17/19 6 17/19 6 NR NR
Goddard et al. [17] 25/29 NR 25/29 NR 25/29 NR
Graziano et al. 39/42 1242 39/42 12+2 39/42 12+2
[18]
Holwein et al. [21] 35/42 NR 27142 NR 23/42 NR
Hui et al. [22] 16/16 NR 16/16 NR 16/16 NR
Jong et al. [24] 10/11 NR 10/11 NR NR NR
Larson et al. [26]  29/29 NR 22/29 NR NR NR
McCullough et al.  43/68 NR 23/48 NR
[28]
Morgan et al. [31] NR NR 168/242 NR NR NR
Placellaet al. [33] 29/29 6.43 months (range 20/29 6.43 months (range NR NR
4 months and 25 4 months and 25
days to 7 months days to 7 months
and 23 days) and 23 days)
Schmale et al. [35] NR NR 12/29 NR NR NR
Shelbourne etal.  16/16 NR 16/16 NR 16/16 NR
[36]
Wall et al. [39] 17/21 NR 12/21 NR NR NR
Webster et al. [41] 107/140 NR 70/140 NR 70/140 NR

NR not reported

also significant heterogeneity across studies, measured using
the I? statistic, which gives us less confidence in the pooled
results. However, the rates were combined using a random-
effects model in a meta-analysis of proportions to account
for these differences.

Despite the limitations, the findings in this systematic
review are important for orthopedic surgeons manag-
ing ACL injuries in children and adolescents. For these
young athletes in consideration for ACL reconstruction, an
important outcome is the ability to return to sport partici-
pation. This review summarizes the literature that is avail-
able to provide the clinicians and patient families with an
up to date, evidence-based review on peer-reviewed data
pertaining to the ability to return to sport after ACL recon-
struction in this population. We recommend that clinicians

use the information presented in the current systematic
review and meta-analysis (within its limitations) to supple-
ment the informed-consent process while coming up with
a decision on the management of ACL injuries in children
and adolescents.

Future research should use high-quality prospective
study designs to compare the different techniques that are
used for ACL reconstruction in children and adolescents
to create a standardized, validated, and easy-to-adhere to
rehabilitation and return to sport protocol in this group
to ensure optimal outcomes while minimizing the risk of
re-injury. Furthermore, preventative programs that may be
able to limit the number of index, graft, or contralateral
injuries should be sought out and assessed.
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Conclusion

Pooled results suggest a high rate of return to sport follow-
ing ACL reconstruction in children and adolescent athletes;
however, this is associated with a relatively high rate of graft
rupture and a similar rate of contralateral ACL injury.
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