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Background: The rates of anterior cruciate ligament (ACL) graft failure or contralateral ACL rupture range from 17% to 30% in
pediatric patients after ACL reconstruction (ACLR). A contributing factor to the high reinjury rate in this population may be the
limited evidence regarding appropriate criteria for allowing unrestricted return to activity (RTA) postoperatively.

Purpose: To review the literature and identify the most commonly used criteria when determining unrestricted RTA after ACLR in
pediatric patients.

Study Design: Systematic review; Level of evidence, 4.

Methods: A search was performed of the Medline/PubMed, Cochrane Central Register of Controlled Trials, Embase, CINAHL, and
SPORTDiscus databases using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines.
The authors identified studies that included pediatric patients (<19 years of age) and specified the criteria used to determine RTA
after ACLR.

Results: A total of 27 articles met all criteria for review, of which 13 studies only used 1 criterion when determining RTA. Objective
criteria were the most common type of criteria for RTA (17 studies). Strength tests (15 studies) and hop tests (10 studies) were the
most commonly used tasks when deriving RTA criteria. Only 2 studies used validated questionnaires to assess the patient’s
physiological readiness for RTA, and only 2 studies used an objective assessment of movement quality before RTA.

Conclusion: Only 14 of the 27 reviewed studies reported using>1 criterion when determining RTA. Furthermore, few studies used
patient-reported outcome measures or lower limb kinematics as RTA criteria, indicating that more research is needed to validate
these metrics in the pediatric population.
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Injuries to the anterior cruciate ligament (ACL) are
increasing in prevalence in the pediatric and adolescent
populations (<19 years of age),9,28 with girls aged 13 to 17
years possessing the highest injury incidence of any sex-age
strata.34 After an ACL injury, a surgical reconstruction
(ACLR) is a common treatment option, aimed at facilitating
the resumption of preinjury activities.21 However, only two-
thirds of pediatric patients will return to their preinjury
levels of activity.58 Furthermore, once an athlete has
returned to activity, the risk for a subsequent ACL injury
is considerably higher compared with the initial

injury.65,66,74 Approximately 17% to 19% of adolescent ath-
letes will retear their ACL within 2 years after an
ACLR,18,47,66 with >30% of second ACL injuries occurring
within the first 20 sport exposures after return to sports.66

There is also a discrepancy between reinjury rates in adult
and pediatric patients, with 1 study reporting that 17% of
patients<18 years of age at the time of their ACLR went on
to sustain a second ACL injury, compared with only 4% for
patients >25 years.74

Return to activity (RTA) criteria typically refer to the
results of a set of tests, or test batteries, designed to incor-
porate a number of risk factors, which can be used to clear
athletes for RTA at the final stage of rehabilitation.19 Sur-
prisingly, there are no standardized or widely accepted
measures for assessing RTA readiness,30 which may
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contribute to the high reinjury rates in pediatric popula-
tions. Despite the continuing development of milestone-
based postoperative rehabilitation programs for young
athletes,86 there is considerable debate regarding the
optimal criteria for RTA clearance in this population. Nota-
bly, a recent survey of pediatric orthopaedic surgeons30 and
a review of children hospital’s rehabilitation programs22

found that the mode of testing and criteria thresholds for
activity advancement varied considerably across hospitals
and surgeons.

Several systematic reviews have sought to develop a consen-
sus on what criteria should be utilized when releasing patients
to unrestricted sports activities postoperatively1,7,8 as well as
determining whether passing an RTA test battery indeed
reduces the risk for subsequent ACL injury.52,83 However,
these reviews have not isolated or independently examined the
pediatric population in their findings. We postulate that man-
agement of pediatric patients with ACL injuries must be con-
sidered separately from adults. First, musculoskeletal
immaturity dictates that alternative surgical techniques may
be required in some patients, and some surgical techniques
traditionally used for adults are not performed in children and
adolescents.42,54 Alternative, physeal-respecting and physeal-
sparing ACLR techniques have been developed for this popu-
lation, to help prevent physeal injury and premature growth
arrest.42,54 Furthermore, numerous anatomic and hormonal
changes occur during puberty that influence a person’s loco-
motion.35,40 This has led to the identification of age-specific
risk factors for ACL injury59,64 and further emphasizes the
need for age-specific criteria when evaluating RTA.

The purpose of this systematic review was to identify the
most commonly used criteria when assessing RTA readi-
ness post-ACLR in pediatric patients. Our findings can be
used to validate or adapt the most commonly used RTA
criteria as well as to identify new areas for RTA develop-
ment according to the identified literature gaps.

METHODS

Search Strategy

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines were followed when
preparing, conducting, and reporting this review.57 The pro-
tocol for this systematic review was then further finalized,
peer reviewed, and published.69 The electronic databases
Medline (PubMed), Embase, CINAHL, SPORTDiscus, and
Cochrane Central Register of Controlled Trials were searched
from January 1, 2000, through May 31, 2021, to identify

studies reporting RTA criteria in pediatric patients recovering
from an ACLR. The combination of these databases produces
an estimated 97% recall of all primary studies involving ortho-
paedic surgical interventions.78 A university librarian
assisted with the creation and execution of the search strategy
(see Supplemental Material, Table S1). Where possible, terms
were mapped to Medical Subject Headings and searched
using keywords. Publication details from all identified studies
were exported to Covidence systematic review software (Ver-
itas Health Innovation), and duplicates were removed.

Study Identification

Three authors (N.J.R, H.L., and K.J.L.) independently
reviewed the title and abstract of each article identified
through the literature search. The full text of an article was
obtained and evaluated when eligibility could not be
assessed from the first screening, and full-text screening
was performed independently by 2 authors (NJ.R. and
H.L.). Any discrepancies were resolved through a consen-
sus discussion between reviewers, and a senior author
(S.C.) was consulted if a disagreement could not be
resolved. To supplement the electronic database search,
citations within all included studies were manually
reviewed to identify any additional studies omitted during
the initial database searches.

Studies were considered if they (1) included participants
who had undergone a primary ACL reconstructive surgery
(any graft type), (2) included a cohort of pediatric partici-
pants (<19 years of age at the time of surgery), (3) specified
the criteria used to determine unrestricted RTA after
ACLR surgery (with enough detail to determine if the cri-
teria were subjective or objective), and (4) published in
either English or French. Conference proceedings, surgical
techniques, technical notes, letters to the editor, case
reports, clinical commentaries, and review articles were
excluded. In addition, several studies with potential dupli-
cate participants were identified (eg, same institution,
overlapping patient enrollment dates). The authors of these
articles were contacted to determine any patient overlap;
however, no new information was gathered from these
efforts. Thus, for these groups of studies, only the study
with the largest patient population was included.

Assessment of Study Quality

The quality of each study, including the risk of bias, was
assessed using the validated methodological index for non-
randomized studies.5 Each study was independently
assessed by 2 authors (N.J.R. and H.L.), and any
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disagreements were discussed until a consensus was
reached. Articles were not excluded on the basis of the
assessment; instead, the results of the quality scoring sys-
tem for all studies are provided (Supplemental Table S2).

Data Extraction and Outcome Measures

A standardized data sheet was used to record the following
information and outcome data: study type, number of
patients, patient sex, patient age at surgery, surgical tech-
nique and graft type, concomitant injuries, length of follow-
up, criteria used to determine RTA, number of patients who
returned to sports activities, number of failed ACLRs (post-
RTA), and number of contralateral ACL ruptures (post-RTA).
Continuous variables were recorded as the mean ± standard
deviation (SD). If the mean or SD was not reported, it was
estimated according to a previously validated formula: (higher
range value – lower range value)/4 or interquartile range/
1.35.36,37 Categorical variables (eg, reinjury rate) were
recorded as frequencies with percentages. If results were
reported separately for multiple cohorts within the same
paper, the cohorts were combined and recorded together.38

The primary outcome of interest was the RTA assessment
used by each study when determining clearance to unre-
stricted RTA, recorded according to (1) how many criteria
were used; (2) whether the criteria were time based, subjec-
tive, or objective; and (3) the specific test or benchmark used.

RESULTS

Search Strategy

The electronic database search identified 2106 studies;
after 1004 duplicates were removed, 1102 articles remained

as the total yield. After the review of titles and abstracts,
477 studies were excluded, and the full texts of the remain-
ing 625 were procured for detailed assessment. Of these,
601 were excluded, leaving 24 studies from the initial
search. An additional 3 studies were then identified from
the manual search of the reference lists. A qualitative anal-
ysis was therefore performed on 27 studies (Figure 1). Of
the 601 excluded articles, 23 met the inclusion criteria but
did not describe the RTA criteria with enough detail to be
included in this review; these studies are listed in Supple-
mental Table S3.

A total of 2289 patients with an estimated mean patient
age of 14.1 ± 2.3 years were included in this review. Of the
27 studies included, 13 studies{ only used 1 criterion when
determining RTA, 2 studies70,74 used 2 different criteria,
and 12 studies# used �3 criteria. In addition, 8 stud-
ies3,23,25,60,70,73,80,85 used elapsed time postoperatively, 11
studies** used subjective criteria, and 17 studies†† used
objective criteria as one of the components when determin-
ing RTA (Figure 2). The graft failure rates for the ACLR
ranged from 0%25 to 39%,70 and injuries to the contralateral
ACL ranged from 0%6 to 19.2%.41 A summary of all study
characteristics can be found in Appendix Table A1.

Time Postoperatively

Time after ACLR surgery was the only criterion for deter-
mining RTA in 6 studies,3,23,25,60,73,80 while 1 study70 used
time postoperatively in combination with a subjective

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for study inclusion. ACL,
anterior cruciate ligament; RTA, return to activity.

{References 3, 6, 14, 23, 25, 44, 45, 60, 71–73, 76, 80.
#References 24, 29, 41, 46, 53, 67, 68, 75, 81, 82, 84, 85.
**References 29, 41, 44–46, 67, 68, 70, 75, 76, 85.
††References 6, 14, 24, 29, 41, 46, 53, 67, 68, 71, 72, 74, 75, 81, 82,

84, 85.
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criterion and 1 study85 used time postoperatively in combi-
nation with subjective and objective criteria. The time
points used to release patients to full activity ranged from
6 months to 12 months post-ACLR, with the most common
time point being 6 months (5 studies23,60,70,73,85).

Subjective Criteria

The second most commonly used category for RTA (11 stud-
ies) was subjective criteria. Of these, 3 studies44,45,76 used
only subjective factors when determining RTA, 1 study70

used subjective criteria in combination with time, 1 study85

used subjective criteria in combination with time and objec-
tive criteria, and 6 studies29,41,46,67,68,75 used subjective and
objective criteria. The most common subjective criterion
was a movement quality assessment, typically evaluated
based on movement mechanics, balance, and
form.29,46,67,68,85 Of note, only 5 studies41,44,75,76,85 consid-
ered the patient’s psychological status before RTA, with
only 2 studies41,85 using validated questionnaires (eg, Pedi-
atric International Knee Documentation Committee Ques-
tionnaire [Pedi-IKDC] and Anterior Cruciate Ligament–
Return to Sport after Injury scale [ACL-RSI]).

Objective Criteria

Most of the reviewed studies (n¼ 17) used objective criteria
to determine RTA. Objective criteria were the only reported
criteria used to determine RTA in 10 studies,‡‡ whereas 6
studies29,41,46,67,68,75 used both subjective and objective cri-
teria, and 1 study85 used objective, subjective, and time-
based criteria. The most commonly used objective criterion

was leg strength (15 studies§§). Only 1 study29 reported
knee laxity as a factor for RTA, measured through KT-
1000 arthrometry. In addition, only 2 studies67,68 provided
an objective measurement of movement quality by compar-
ing knee flexion angles during a single-leg dip.

Strength and Functional Tasks

The most commonly reported strength or functional tasks
for deriving RTA criteria were isokinetic strength
(9 studiesk k) and anterior hop (8 studies29,41,46,53,67,68,81,84)
(Table 1). Strength and functional tasks were typically
evaluated using a limb symmetry index (LSI), with an LSI
>90% as the most common threshold for RTA (Table 2).{{

DISCUSSION

This systematic review identified the most commonly used
variables reported in the literature when determining
unrestricted RTA after an ACLR in pediatric patients.
There was substantial variation in the criteria used to
determine RTA across studies, with no clear “most
common” criteria. These findings are consistent with sys-
tematic reviews looking at RTA criteria in adults,7 as well
as studies showing significant variability in the RTA crite-
ria used by children’s hospitals and pediatric orthopaedic
surgeons.22,30 One possible explanation for this variation in
RTA criteria is that progression of activity after an ACLR is
typically a collaborative process, with shared decision mak-
ing between the orthopaedic surgeon and the rehabilitation
specialist(s).30

Figure 2. Flowchart of factors used to determine unrestricted return to activity after an anterior cruciate ligament reconstruction in
pediatric patients. Studies that reported >1 return-to-activity criterion were tallied in multiple categories. PROM, patient-reported
outcome measure; QMA, Quality Movement Assessment; ROM, range of motion.

‡‡References 6, 14, 24, 53, 71, 72, 74, 81, 82, 84.
§§References 6, 14, 24, 29, 41, 53, 67, 68, 71, 72, 74, 75, 81, 82, 85.

k kReferences 14, 29, 53, 67, 68, 72, 74, 75, 85.
{{References 6, 14, 24, 41, 46, 53, 67, 68, 75, 81, 84.
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In contrast to a systematic review of RTA in adults,
which found that time-based measures dominated RTA cri-
teria (time was the sole RTA criterion in 42% of studies),13

our findings showed that the most common types of RTA
criteria in pediatric and adolescent patients were objective-
based (17/27 studies). There are several potential explana-
tions for the higher rate of objective criteria in pediatric
studies. First, there are clear methodological differences
between the 2 studies, as this review excluded research
that (1) did not specify any RTA criteria and (2) did not
specify the criteria with enough detail to assess if they were
subjective or objective. Second, since this review was spe-
cific to pediatric participants, this could suggest that RTA
criteria used in pediatric patients are more objective based
relative to the criteria used in adult populations. However,
it is not clear why this difference may exist. Orthopaedic

surgeons could adjust their RTA criteria based on patient’s
age/maturation, or there may be environmental factors
(increased access to multidisciplinary teams, higher preva-
lence of pediatric teams located in academic centers, etc)
contributing to the difference between patient populations.
Finally, this review identified that almost half of the stud-
ies (13/27) only used 1 criterion when determining RTA.
Considering the numerous psychological,12,15 biomechani-
cal,11,56,77 and biological33 changes that occur after an
ACLR, it is unlikely that 1 metric is sufficient when asses-
sing RTA readiness. To include a combination of RTA mea-
sures, a collaborative process, including access to the
required personnel and equipment, is needed.

With regard to time-based RTA criteria, pediatric
patients were typically cleared for RTA between 6 and 12
months after ACLR (8/27 studies). Interestingly, a 2011
study of the Canadian Orthopaedic Association showed
that the majority of surgeons allowed RTA between 6 and
9 months postoperatively.55 However, the inconsistencies
in RTA timing should be considered in light of research
showing that the rate of secondary knee injuries decreased
by approximately 51% for each month that RTA was
delayed until 9 months after ACLR.32 In addition to
prolonging the postoperative time before RTA, recent liter-
ature has advocated for the use of patient-reported outcome
measures (PROMs) to quantify both functional deficits and
psychological readiness before RTA.2,19,48 Despite evidence
that the scores from these assessments are associated with
interlimb functional asymmetries87 and an increased risk
of second ACL injuries,63 only 2 studies measured PROMs
using validated questionnaires (Pedi-IKDC, ACL-RSI,
etc).41,85 Considering that patient psychological factors are
predictive of ACLR outcomes,4,20 validated and age-appro-
priate PROMs seem warranted as RTA criteria. This
underscores the importance of developing and validating
pediatric-specific PROMs questionnaires, as many PROMs
in adults are not transferable to the younger population.39

Our review demonstrates that very few studies (2/27)
used an objective assessment of movement biomechanics
when determining RTA.67,68 Despite advances in modern

TABLE 2
Frequency of LSI Cutoff Thresholds Reported in the Literature for Each Dynamic Taska

LSI Cutoff Threshold Reported, No. of Studies

Criterion 100% Symmetry �90% Symmetry �88% Symmetry �85% Symmetry

Leg strength — 7 — 5
Hop tests — 6 — 1
Jumping tests — 1 — —
Endurance tests — 3 2 —
Agility tests — 1 — 1
Y-balance test — 1 — —
Knee kinematics 2 — — —
KOS-ADLS — 1 — —
GRS — 1 — —
Total 2 21 2 7

aDashes indicate no studies reporting that cutoff threshold. GRS, Global Rating Scale of perceived knee function; KOS-ADLS, Knee
Outcome Survey–Activities of Daily Living Scale; LSI, limb symmetry index.

TABLE 1
Frequency of Dynamic Tasks Reported in the Literature for

Accessing Return to Activity

Task No. of Studies

Isokinetic strength 9
Anterior hop 8
Triple hop 7
Cross hop 5
Timed hop 3
Isometric strength 2
Single-heel raise 2
Single-leg dip 2
Tuck jump 2
Shuffle t test 2
Sprint/cutting t test 2
Vertical jump 1
Y-balance test 1
Shuttle run 1
Sprint and back peddle 1
Sprint stop and go 1
Cutting 90� 1
Side shuffle 90� 1
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operative techniques and rehabilitation programs, there is
strong evidence that deficits in balance, proprioception,
muscle strength, and neuromuscular control exist for many
months postoperatively.11,43,56,77 Numerous studies have
shown that even when a patient’s rehabilitation is deemed
successful, differences in joint kinematics and gait patterns
(eg, anteroposterior translation, hamstring muscle activa-
tion) can be observed for up to 5 to 10 years after an
ACLR.11,43,56,77 These findings indicate that RTA criteria
that solely focus on spatiotemporal variables (eg, distance
and time) or subjective evaluations of movement quality
are not adequate to identify individuals with dysfunctional
movement patterns. Future research should standardize,
validate, and make uniformly available a clear and usable
battery of objective, in-depth biomechanical assessments.

This is of particular note considering that the most com-
monly used strength and functional tasks were evaluated
by comparing between-limb spatiotemporal differences (eg,
LSI). Specifically, LSI during a lower limb strength test
was the most commonly used objective criterion for RTA
(15/27 studies). Although >90% was the most commonly
used threshold, a recent systematic review showed that
mean LSI values for isokinetic knee extension were fre-
quently in the 70% range at 6 months and remained below
90% in almost all categories at the 1-year mark postopera-
tively.1 These findings may explain why several studies
used a lower LSI of 85% when evaluating strength testing
before RTA. The most frequently used functional tasks
were the 4 standard hop tests (single-leg, cross hop, triple,
and 6-m timed hop tests),61 also evaluated with an LSI
threshold of >90% for RTA. Despite the widespread use of
these tests in pediatric and adult patients, the results of
hop testing have not been correlated with a reduced risk
for reinjury.52,83 They have, however, been correlated with
knee function as measured with self-reported question-
naires.31,50 Previous research suggests that the 6-m timed
and cross hop tests are the best predictors of normal sub-
jective knee function as measured by the 2000 IKDC Sub-
jective Knee Evaluation form.31,50 This is likely because the
cross hop test requires coordination and strength in the
frontal, sagittal, and coronal planes. Interestingly, accord-
ing to our review, the cross hop and 6-m timed hop tests
were the least frequently used of the 4 common hopping
tests. This is consistent with previous research showing
that only 30% of orthopaedic surgeons used the full comple-
ment of hop tests described by Noyes et al,61 despite experts
advocating for the entire hop battery.2,19,50,51

Despite the widespread use of LSI in the literature, the
support for LSIs as an RTA criterion is mixed. Some studies
have shown that patients who achieved an LSI>90% during
lower limb strength and functional testing 6 months after
ACLR had superior knee function and higher activity levels
2 years after surgery.79 However, it should be noted that
comparing between-limb differences after ACLR surgery has
limitations. As activity levels decline after injury, strength
and functional deficits occur in both the involved and the
contralateral limb.16 This is supported in the literature, with
some research showing that patients with excellent perfor-
mance on their isokinetic strength testing at 6 months are at
a greater risk for sustaining a contralateral ACL injury.79

This is likely a consequence of reduced functional status in
both limbs after ACLR and may indicate that LSIs are not
sufficient as a stand-alone criterion for RTA.79

Finally, it should be noted that many of the RTA assess-
ments identified in this review, such as hop test LSIs, were
derived from research conducted on adult popula-
tions.2,26,27 Although these RTA assessments reflect the
best available evidence, it must be acknowledged that these
assessments do not always translate to the pediatric popu-
lation. In particular, pediatric RTA assessments should
take into consideration maturational changes, as pediatric
patients are expected to RTA with their peers who have the
advantage of developing from a musculoskeletal perspec-
tive without the dysfunction associated with an ACL injury.
Furthermore, sex-specific changes during puberty, such as
pelvic-width growth17 and increased estrogen production,49

have been linked to an increased risk for ACL injury in
females.10 Thus, considering the known sex- and age-
specific risk factors for ACL injury,59,64 and the unique
challenges of treating a pediatric population, the creation
and validation of sex- and age-specific RTA assessment cri-
teria are needed. It is also worth noting that RTA criteria
are typically derived by retrospectively identifying associa-
tions between routine postoperative testing at 6 to 12
months and ACL reinjury rates.13 However, to effectively
develop sex- and age-specific RTA criteria, RTA testing
should be performed immediately before RTA and retro-
spectively investigated for predictive factors for reinjury.

This review only included studies that reported RTA cri-
teria with sufficient detail to assess whether the criteria
were subjective or objective. Thus, there is potential that
some of the excluded investigations did in fact measure
RTA criteria but did not include sufficient detail to make
this information usable and were therefore excluded. To
enhance the transparency of our review, we have included
the list of articles excluded for having insufficiently
detailed RTA criteria (Supplemental Table S3). In addition,
only 3 studies29,75,76 included the participant’s sport and
only 10 studies## included the sport level. Thus, while activ-
ity type and level may influence the RTA criteria used by
clinicians, we were not able to incorporate this information
in our analysis. Furthermore, from this review, we were not
able to compare the ACL failure rates associated with each
RTA criterion. This type of analysis would require a sepa-
rate investigation in which cohorts are carefully matched
for graft type, sex ratio, chronicity of injury, concomitant
injuries, articular cartilage deterioration, postoperative
sports activity level, and time of follow-up.

CONCLUSION

With limited available evidence to support pediatric RTA
decision making,62 it is not surprising that we found signif-
icant variability in the field, with no consensus on the
appropriate criteria for RTA after a pediatric ACLR. Fur-
thermore, almost half of the studies included in the review
only used 1 criterion when determining RTA timing,

##References 14, 44, 45, 53, 60, 67, 68, 74, 80, 84.
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despite the multifactorial nature of ACLR. According to our
findings, current criteria have also focused on more easily
collected metrics, such as time from surgery or hopping LSIs.
Criteria such as PROMs and objective lower limb biomechan-
ics are seldom used as RTA criteria despite some evidence
suggesting their association with ACLR outcomes. Given the
lack of consensus regarding RTA metrics in pediatric patients,
there is a clear need for future research to validate and sup-
port evidence-based RTA criteria in this high-risk population.
This review provides the foundation for future research to
build effective and standardized RTA assessments for pediat-
ric patients. Researchers can use our findings to validate and
adapt current RTA criteria or target new areas for RTA devel-
opment according to the identified literature gaps. These
methods must be accessible and compatible with clinical prac-
tice to facilitate adaptation in the clinical environment, while
also being age– and sexspecific.
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APPENDIX

APPENDIX TABLE A1
Characteristics of the Included Studiesa

Lead Author (Year)
Sample
Size, n

Age at
Surgery, y RTA Criteria Follow-up, y

No. (%) of ACL
Graft Failures

No. (%) of
Contralateral
ACL Injuries

Anderson (2003)3 12 13.3 ± 1.4 Time (*6.5 mo) 4.1 ± 1.9 0 (0) 0 (0)
Aronowitz (2000)6 19 13.3 ± 1 Quad strength (LSI >90%) 2.1 ± 1.1 0 (0) 0 (0)
Calvo (2015)14 27 13 ± 1 Isokinetic strength (LSI >90%) 10.6 ± 0.8 4 (15) NR
Fourman (2021)23 43 11.4 ± 1.8 6 mo noncontact sports; 9 mo contact sports 5.5 ± 2.4 4 (11) NR
Gagliardi (2020)24 81 15.9 ± 1.7 Endurance, jumping, strength and agility

single-leg tests (LSI >90%)
3.1 ± 0.2 1 (1) 8 (10)

Goddard (2013)25 32 12.4 ± 2.5 Time (12 mo) 2 ± 0 0 (0) NR
Graziano (2017)29 42 12 ± 1.3 KT-1000 arthrometry (LSI), isokinetic leg

strength (LSI), single-leg hop (LSI), sport-
specific movements (control and quality)

NR 3 (7) 2 (5)

Johnson (2020)41 26 NR Quadriceps index >90%, single-leg hop test
>90%, KOS-ADLS >90%, single-item GRS
>90%, surgeon approval

2 ± 0 3 (12) 5 (19)

Kocher (2018)44 237 11.2 ± 1.7 Patient tolerance 6.2 ± 5.7 9 (7) NR
Lanzetti (2020)45 42 12.5 ± 0.8 Muscular tropism judged by surgeon 8 ± 12.5 2 (5) 1 (2)
Larson (2016)46 29 13.9 ± 1.6 Anterior and triple hop (LSI >90%, landing

and pivoting mechanics)
4 ± 1.3 5 (17) 5 (17)

Luo (2015)53 124 16.1 ± 1.4 Satisfactory score on 6 of the 7 isokinetic knee
extension and flexion strength (LSI >85%),
vertical jump, single- and triple-hop tests
(LSI >90%)

0.5 ± 0 NR NR

Nikolaou (2011)60 8 13.7 ± 1.1 6 mo NR 4 (4) NR
Pennock (2018)67 30 11.8 ± 1.6 ROM (LSI 100%), girth (0-1 cm), isokinetic leg

strength (LSI), single-leg heel raise (LSI
>90%), single-leg dip angle (LSI 100%),
single-leg dip endurance (LSI >88%),
single-leg anterior, cross, and triple hop
(LSI>90%), tuck jump (no deviations), t test
shuffle and sprint (no hesitation or valgus)

3.2 ± 0.8 4 (15) 3 (12)

Pennock (2019)68 90 14.8 ± 1.4 Same as for Pennock (2018) 2.7 ± 0.9 13 (16) 10 (12)
Salmon (2018)70 39 16 ± 1 Time (6 mo), ligamentous stability judged by

surgeon
NR 15 (39) 5 (13)

Sankar (2006)72 12 15.6 ± 1.1 Isokinetic quadriceps strength (LSI >85%) 5.3 ± 1.4 0 (0) 0 (0)
Sankar (2008)71 247 15.4 ± 1.3 Quadriceps strength (LSI >85%) 6.3 ± 2 17 (7) NR
Severyns (2016)73 11 13.5 ± 1.2 Time (6 mo) 2.08 ± 1.3 NR NR
Shelbourne

(2004)75
16 14.8 ± 0.7 ROM (LSI 100%), patient confidence,

isokinetic quadriceps strength (LSI >90%)
3.4 ± 1.1 1 (6) 2 (13)

Shelbourne
(2009)74

528 NR ROM (LSI 100%), isokinetic quadriceps
strength (LSI >85%)

>5 46 (9) 46 (9)

Shelbourne
(2009)76

402 15.6 ± 1 Patients felt comfortable 9.8 ± 5.2 43 (11) 63 (16)

Streich (2010)80 16 11 ± 0.8 Time (12 mo) 5.8 ± 0.9 0 (0) NR
Sugimoto (2020)81 105 13.4 ± 1.4 Isometric leg strength (LSI >90%); anterior,

cross, triple, and timed hop tests (LSI
>90%); Y-balance test (LSI >90%)

0.5-0.75 NR NR

Wall (2017)82 27 11.4 ± 1.9 Leg strength, hop, agility (LSI >85%) 3.6 ± 1.4 4 (15) 2 (7)
Willimon (2015)84 21 11.8 ± 1 Anterior, cross, triple, and timed hops (LSI) 3 ± 1.5 2 (10) NR
Willson (2018)85 23 13 ± 1.4 Time (6 mo), no pain or swelling; ROM (LSI

100%), Pedi-IKDC and ACL-RSI score,
isometric and isokinetic leg strength (LSI
>90%), hopping tests (distance and form)

1.8 ± 1 0 (0) 3 (13)

aData are reported as n (%) or mean ± SD unless otherwise indicated. ACL, anterior cruciate ligament; ACL-RSI, Anterior Cruciate
Ligament–Return to Sport after Injury scale; GRS, Global Rating Scale of perceived knee function; KOS-ADLS, Knee Outcome Survey–
Activities of Daily Living Scale; LSI, limb symmetry index; NR, not reported; Pedi-IKDC, Pediatric International Knee Documentation
Committee questionnaire; ROM, range of motion; RTA, return to activity.
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