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Background: The incidence of second anterior cruciate
ligament (ACL) injury after ACL reconstruction (ACLR) is high in
young, active populations. Failure to successfully meet return-
to-sport (RTS) criteria may identify adult athletes at risk of future
injury; however, these studies have yet to assess skeletally
mature adolescent athletes.

Objective: To determine if failure to meet RTS criteria would
identify adolescent and young adult athletes at risk for future
ACL injury after ACLR and RTS. The tested hypothesis was that
the risk of a second ACL injury after RTS would be lower in
participants who met all RTS criteria compared with those who
failed to meet all criteria before RTS.

Design: Prospective case-cohort (prognosis) study.
Setting: Laboratory.
Patients or Other Participants: A total of 159 individuals

(age ¼ 17.2 6 2.6 years, males ¼ 47, females ¼ 112).
Main Outcome Measure(s): Participants completed an

RTS assessment (quadriceps strength, functional hop tests)
and the International Knee Documentation Committee patient
survey (0 to 100 scale) after ACLR and were then tracked for

occurrence of a second ACL tear. Athletes were classified into
groups that passed all 6 RTS tests at a criterion level of 90% (or
90 of 100) limb symmetry and were compared with those who
failed to meet all criteria. Crude odds ratios and 95% CIs were
calculated to determine if passing all 6 RTS measures resulted
in a reduced risk of second ACL injury in the first 24 months after
RTS.

Results: Thirty-five (22%) of the participants sustained a
second ACL injury. At the time of RTS, 26% achieved �90 on all
tests, and the remaining athletes scored less than 90 on at least
1 of the 6 assessments. The second ACL injury incidence did
not differ between those who passed all RTS criteria (28.6%)
and those who failed at least 1 criterion (19.7%, P ¼ .23).
Subgroup analysis by graft type also indicated no differences
between groups (P . .05).

Conclusions: Current RTS criteria at a 90% threshold did
not identify active skeletally mature adolescent and young adult
athletes at high risk for second ACL injury.
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Key Points

� Rates of second anterior cruciate ligament injuries in skeletally mature adolescent and young adult athletes who
undergo reconstruction are high, and many of these athletes fail to return to their preinjury levels of function after
rehabilitation.

� This study adds to existing knowledge in that the current return-to-sport (RTS) criteria commonly implemented as a
decision tool to permit return to sport in skeletally mature adolescent and young adult athletes failed to identify those
at risk for a second anterior cruciate ligament injury after RTS. These findings underscore the critical need to identify
more appropriate RTS criteria for these athletes and other populations.

W
ide variations in outcomes have been observed
after anterior cruciate ligament (ACL) recon-
struction (ACLR) in young, active patients. The

incidence of second ACL injury after ACLR and return to
sport (RTS) ranges from 1 in 4 to 1 in 3 among young,
active populations, with the greatest risk in the first 12
months after RTS.1,2 The authors3 of a systematic review
and meta-analysis reported that the percentage of patients

who returned to their preinjury level of activity within the
first year after ACLR could be as low as 65%, with only
55% able to return to competitive levels of sports. As a
result, consistent successful outcomes have yet to be
achieved at a reliable level after ACLR.

One factor that contributed to these variations in
outcome was a lack of consensus on appropriate,
standardized objective criteria to evaluate an athlete’s
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readiness to safely RTS after ACLR. In 2004, Kvist4 noted
the absence of consistent objective measures for deter-
mining readiness to RTS after ACLR. Specifically,
researchers in as few as 33% of studies recommended
isokinetic strength assessment, and fewer than 75%
recommended functional hop testing. In a systematic
review of more than 264 manuscripts in 2011, Barber-
Westin and Noyes5 confirmed that a standard set of
discharge criteria had yet to be identified in the literature.
More recently, in a 2019 scoping review, Burgi et al6

observed that time was the sole criterion for RTS after
ACLR in 42% of the 209 studies examined. Collectively,
the existent literature demonstrated that a set of objective
measures to identify an athlete’s readiness to safely RTS
was still needed to improve outcomes after ACLR.

Attempts have been made to assess the risk of future
injury in populations of patients after ACLR who have
failed to meet the requirements of a discharge algorithm.
Grindem et al7 reported that among a population of patients
between the ages of 13 and 60 years after ACLR, those who
failed to meet the current criteria before RTS had a higher
reinjury rate. Specifically, the RTS criteria were .90% on
the Limb Symmetry Index (LSI) for isokinetic quadriceps
and hamstrings strength and all 4 functional hop tests;
reinjury was defined as any type of knee injury to either the
involved or contralateral limb rather than a second ACL
injury. More specific to ACL reinjury, Kyritsis et al8

identified a 4 times greater risk of ACL graft rupture among
a population of professional male soccer players who failed
to meet 6 clinical discharge criteria before RTS. Their RTS
criteria were isokinetic strength, a running T-test, and 3
single-legged functional hop tests. Collectively, these
studies indicated that regular use of the current RTS
criteria could be sufficient to help reduce future knee and
ACL injury rates. However, these investigators did not
evaluate the effectiveness of these RTS criteria in the
highest-risk populations, particularly adolescent athletes in
pivoting-and-cutting sports.9 Therefore, the ability of
current RTS measures to identify outcomes in the athletic
adolescent population has yet to be validated.

The purpose of our study was to determine if failure to
meet all current standard RTS criteria would identify
skeletally mature adolescent and young adult athletes at
risk for future ACL injury after primary ACLR and RTS.
Our hypothesis was that the likelihood of second ACL
injury in the 1-year and 2-year follow-ups after RTS would
be higher in patients who failed to meet all RTS criteria
before initiation of pivoting-and-cutting activity than in
those who met all RTS criteria.

METHODS

Participants

This analysis was a subset of the larger prospective,
longitudinal ACL-RELAY study10 that recruited 159
participants (female ¼ 112, male ¼ 47, age ¼ 17.2 6 2.6
years) from local orthopaedic practices, physical therapy
clinics, and the community and were successfully contacted
at 24 months post-RTS. The participants (1) were between
13 and 25 years; (2) underwent primary, unilateral ACLR;
(3) had pursued rehabilitation and been released to return to
pivoting-and-cutting sports by their physician and rehabil-
itation specialist; and (4) intended to return to a level I or II
pivoting-and-cutting sport11 after completing rehabilitation.
Rehabilitation and the decision for RTS clearance were not
controlled by the study researchers. Participants were
enrolled in the prospective, observational cohort study,
completed an RTS assessment at a mean of 7.0 6 2.2
months postsurgery (Table 1), and were then tracked for
occurrence of a second ACL injury for 24 months after
RTS. Exclusion criteria were a history of low back or lower
extremity injury or surgery (beyond ACL injury) that
required the care of a physician in the past year, a
concomitant ligament injury (beyond grade I medial
collateral ligament injury) to the involved limb, or skeletal
immaturity as defined by an ACLR procedure that was
modified due to open epiphyseal plates in the tibia or femur.
All participants, and guardians when required, provided
written consent and assent approved by the Institutional
Review Board of Cincinnati Children’s Hospital Medical
Center, which also approved the study.

Table 1. Characteristics at the RTS Testing Session for the Entire Sample and by Second Injury Sustained in the First 12 and 24 Months

After ACLR and RTS

Characteristic

Overall Sample

(N ¼ 159)

Second ACL Injury After RTS

First 12 mo First 24 mo

Yes (n ¼ 26) No (n ¼ 133) P Value Yes (n ¼ 35) No (n ¼ 124) P Value

Sex, No, (%)

Female 112 (70.4) 21 (18.8) 91 (81.3) .25 27 (24.1) 85 (75.9) .40

Male 47 (29.6) 5 (10.6) 42 (89.4) 8 (17.0) 39 (83.0)

Age, mean 6 SD, y 17.2 6 2.6 16.2 6 1.2 17.4 6 2.7 ,.0001 16.1 6 1.3 17.6 6 2.7 ,.0001

Height, mean 6 SD, cm 168.9 6 9.3 167.2 6 8.3 169.2 6 9.5 .33 167.9 6 10.6 169.1 6 9.0 .51

Weight, mean 6 SD, kg 68.9 6 14.4 65.5 6 14.4 69.6 6 14.4 .18 66.3 6 14.5 69.7 6 14.4 .23

Graft type, No. (%)

Hamstrings 86 (54.1) 14 (16.3) 72 (83.7) .97 20 (23.3) 66 (76.7) .92

Bone-patellar tendon-bone 59 (37.1) 10 (16.9) 49 (83.1) 12 (20.3) 47 (79.7)

Allograft 14 (8.8) 2 (14.3) 12 (85.7) 3 (21.4) 11 (78.6)

Meniscus injury, No. (%)

No 84 (52.8) 15 (17.9) 69 (82.1) .37 20 (23.8) 64 (76.2) .35

Yes 75 (47.2) 11 (14.7) 64 (85.3) 15 (20.0) 60 (80.0)

Time from surgery to RTS test, mean 6 SD, mo 7.0 6 2.2 6.90 6 1.8 7.1 6 2.3 .77 6.90 6 2.5 7.1 6 2.2 .74

Abbreviations: ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; RTS, return to sport.
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The RTS Testing Session

Each patient participated in an RTS assessment within 4
weeks of medical clearance to RTS. The assessment
included standard measures commonly used to assess
readiness to RTS by clinicians: patient-reported function,
lower extremity strength, and functional hop testing.

Patient-Reported Measure of Function. Each patient
completed the subjective portion of the International Knee
Documentation Committee (IKDC) patient-reported out-
come tool.12 The IKDC was both reliable and valid in
participants after ACLR12 and validated in a population of
young athletes. Commonly used with patients after ACLR,
the IKDC assesses patient perspectives on knee-related
symptoms, daily function, and sports activities. On a scale
of 0 to 100, 100 represents a high level of knee function13

Strength Assessment. Quadriceps strength was evaluat-
ed in each patient using a maximal voluntary isometric
contraction (MVIC) on an isokinetic dynamometer (Biodex
Medical Systems) and previously described methods.14

Each participant was stabilized using static straps and
placed in a seated position with 908 of hip flexion, 608 of
knee flexion, and the knee joint center aligned with the
dynamometer axis of rotation. After a practice trial, the
patient executed 3 maximal-effort knee-extension kicks for
5 seconds with a 15-second rest between trials. Peak torque
of the 3 trials was recorded, and the average was used to
calculate the LSI (involved-limb peak torque/uninvolved-
limb peak torque 3 100%). A score of ,100% indicated
weakness in the involved limb.

Functional Hop Testing. Each participant completed 4
single-legged hop tests15 for evaluation of physical
performance in a closed kinetic chain. These hop tests
have been used most often clinically as an RTS measure
after ACLR,4 in part due to their ease of administration and
few resources needed, which allows them to be conducted
in diverse clinic and athletic settings. The hop tests were
administered sequentially, beginning with the single-legged
hop for distance, followed by the triple-hop test for
distance, the triple-crossover–hop test for distance, and
then the 6-m single-legged timed-hop test. Each participant
completed 1 practice trial using each limb and then
performed 2 randomly selected trials using each limb.
The average of the 2 trials was used for data analysis. In
addition, the LSI was calculated as described earlier. As the
single-limb timed-hop test was the only test in which a
lower score represented better performance, we determined
the LSI by dividing the uninvolved by the involved limb
and multiplying by 100%. Collectively, a score of ,100%
indicated worse performance with the involved limb.

Injury Tracking

Each patient was tracked for 24 months after RTS testing
to determine the incidence of a second ACL injury to either
the ipsilateral or contralateral limb. Tracking was conduct-
ed during regularly attended longitudinal follow-up assess-
ments. As part of the parent study, patients agreed to
longitudinal data-collection sessions for �24 months after
RTS. Second-injury data were obtained at this time. Each
patient who failed to participate in the longitudinal data
collections was contacted by telephone to confirm his or her
second-injury status. If a second ACL injury occurred, this
was confirmed by either magnetic resonance imaging or

arthroscopy report in the case of a second surgery. During
the 24-month observation period after RTS, 35 patients
sustained a second ACL injury, 26 of which occurred in the
first 12 months post-RTS.

Statistical Analysis

We computed means, SDs, and frequencies to describe
the study sample characteristics, graft type, history of
meniscal injury, and time from surgery to RTS. Chi-square
test analyses were used to compare the percentage
differences for each RTS measure between those who
experienced a second ACL injury in the first 12 and first 24
months after RTS and those who did not. To test our
primary hypothesis, we defined passing each RTS measure
a priori as 90% LSI on strength and functional performance
test assessments and 90/100 on the IKDC instrument.
Participants were then classified as meeting all 6 RTS tests
or failing to meet all RTS tests if he or she scored ,90 on
any RTS test. A cutoff value of 90 was selected as
evidence7,8,16 indicated that values of �90% on the LSI and
90/100 on the IKDC tool were recommended for RTS.
Adjusted odds ratios (AORs) and 95% CIs were calculated
using multiple variable logistic regression, adjusting for sex
and time to test, to determine if passing all 6 RTS measures
at �90 resulted in a reduced risk of second ACL injury in
the 24 months after RTS.

RESULTS

At the time of RTS testing, the average age of the 159
participants was 17.2 6 2.6 years (range¼ 13–25 years). In
the 24 months after RTS, 35 patients (22%) sustained a
second ACL injury, 16 (10%) sustained an ipsilateral graft
rupture, and 19 (12%) sustained a contralateral ACL injury.
Of those who experienced a second ACL injury, 26 (74%)
incurred their second ACL injury within 12 months after
RTS. No differences in height, weight, time from surgery to
RTS, distribution of sex or graft type, or presence of
meniscal injury between those who sustained a second ACL
injury and those who did not were present (Table 1).
Participants who sustained a second ACL injury during the
2-year observation period were younger (age¼ 16.1 6 1.3
years) than those who did not (age¼ 17.6 6 2.7 years; P ,
.0001).

At the time of RTS testing, the average IKDC score of the
entire cohort was 89.4 6 10.1, average quadriceps strength
LSI was 91.5% 6 17.4%, and average single-legged–hop
test limb symmetry ranged from 95.5% 6 6.6% to 97.3%
6 7.3% (Table 2). When differences in each of these
RTS measures were compared between those who sustained
a second ACL injury 0 to 12 months after RTS and those
who did not, no differences were seen (P values . .05).
Similarly, when differences between each of these RTS
measures were compared between those who sustained a
second ACL injury 0 to 24 months after RTS and those who
did not, no differences were found in any measures except
the IKDC score (P¼ .05). Those athletes who experienced a
second ACL injury within 24 months of RTS reported
higher IKDC scores at the time of RTS (91.7 6 6.6) than
those who did not (88.8 6 10.9; P ¼ .05). However, the
magnitude of this difference did not achieve the clinically
significant difference of 11.5 points.17
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Regarding the ability to obtain a score of �90 on all RTS

testing measures, only 42 patients (26%) achieved these

metrics and were subsequently classified as passing all RTS

measures. The remaining 117 patients (74%) scored ,90

on at least 1 of the 6 assessments (Table 3) and were

classified as failing to meet all RTS criteria. At this

criterion level, after adjusting for sex and the time to RTS

testing, the incidence of second ACL injury incidence in the

24 months after RTS was not significantly associated with

passing all RTS criteria (12/42, 28.6%) or failing �1

criterion (23/117, 19.7%; P¼ .24; Figure). Similarly, when

the initial 12 months after ACLR and RTS were evaluated

and we adjusted for sex and the time to RTS testing, no

significant association was demonstrated between those

who passed all 6 test criteria and those who did not (P ¼
.30).

Subgroup analysis by graft type showed no significant
associations in second-injury risk at 24 and 12 months in
the group of patients who had ACLR with a hamstrings
(HS) graft or those with a patellar bone-tendon-bone (BTB)
graft with an RTS criteria of 90 on all tests (Tables 4 and
5). Specifically, 45% (39/86) of patients with HS grafts
passed all RTS criteria of 90, while the remaining 55%
failed to meet at least 1 of the 6 RTS criteria. After
adjusting for sex and time to RTS testing, we observed no
difference in second ACL injury incidence between the
patients with HS grafts who passed all RTS criteria (10/39,
25.6%) and those who failed at least 1 criterion (10/47,
21.3%; P ¼ .62). Among the patients who received ACLR
with a BTB graft, only 5% (3/59) passed all RTS criteria at
90, while the remaining 95% failed to meet at least 1 of the
6 criteria. After adjusting for sex and time to RTS testing,
we identified no difference in the second ACL injury

Table 2. Variables of Interest at the RTS Testing Session for the Entire Sample and by Second Injury Sustained in the First 12 and 24

Months After ACLR and RTSa

Variable

Overall Sample

(N ¼ 159)

Second ACL Injury After RTS

First 12 mo First 24 mo

Yes

(n ¼ 26)

No

(n ¼ 133)

P

Value

Yes

(n ¼ 35)

No

(n ¼ 124)

P

Value

International Knee Documentation Committee

Subjective Knee Form score (range ¼ 0–

100, 100 ¼ perfect)

89.4 6 10.1 90.8 6 7.0 89.1 6 10.7 .44 91.7 6 6.6 88.8 6 10.9 .05

Quadriceps Limb Symmetry Index (100 ¼ no

strength deficit), distance, %

91.5 6 17.4 93.7 6 13.3 91.1 6 18.0 .48 94.2 6 12.9 90.8 6 18.4 .30

Single-legged hop for distance, % 95.5 6 6.6 96.5 6 6.5 95.3 6 6.7 .39 95.9 6 6.1 95.4 6 5.4 .72

Triple hop for distance, % 96.0 6 6.7 95.3 6 6.1 96.1 6 6.8 .55 95.3 6 5.4 96.2 6 7.0 .49

Crossover hop for distance, % 95.9 6 8.4 95.4 6 5.2 96.0 6 8.8 .76 96.2 6 5.7 95.8 6 8.9 .82

6-m Timed hop, % 97.3 6 7.3 98.7 6 7.2 97.1 6 7.3 .31 98.5 6 7.4 97.0 6 7.2 .26

Abbreviations: ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; RTS, return to sport.
a Data are mean 6 SD unless otherwise indicated.

Table 3. Crude Odds Ratiosa for Associations Between Functional Tests and Second ACL Injury at 12 or 24 Months After RTS

Test Variables

Total (Second Injury in First 12 Mo After RTS) Total (Second Injury in First 24 Mo After RTS)

No. at Risk No. Injured (%) AOR 95% CI P Value No. at Risk No. Injured (%) AOR 95% CI P Value

International Knee Documentation Committee Subjective Knee Form score

�90 (Passed) 89 15 (16.9) 1.00 Reference 89 22 (24.7) 1.00 Reference

�89 (Failed) 70 11 (15.7) 0.94 0.4, 2.2 .88 70 13 (18.6) 0.71 0.3, 1.5 .39

Quadriceps Limb Symmetry Index

�90 (Passed) 86 15 (17.4) 1.00 Reference 86 20 (23.3) 1.00 Reference

�89 (Failed) 72 10 (13.9) 0.71 0.3, 1.7 .45 72 14 (19.4) 0.77 0.4, 1.7 .52

Single-legged hop for distance

�90 (Passed) 120 21 (17.5) 1.00 Reference 120 28 (23.3) 1.00 Reference

�89 (Failed) 33 4 (12.1) 0.56 0.2, 1.8 .34 33 6 (18.2) 0.72 0.3, 2.0 .52

Triple hop for distance

�90 (Passed) 123 20 (16.3) 1.00 Reference 123 29 (23.6) 1.00 Reference

�89 (Failed) 28 5 (17.9) 1.11 0.4, 3.4 .82 28 5 (17.9) 0.73 0.3, 2.1 .56

Crossover hop for distance

�90 (Passed) 115 20 (17.4) 1.00 Reference 115 20 (24.3) 1.00 Reference

�89 (Failed) 32 3 (9.4) 0.48 0.1, 1.8 .27 32 4 (12.5) 0.45 0.2, 1.4 .17

6-m Timed hop

�90 (Passed) 125 22 (17.6) 1.00 Reference 125 30 (24.0) 1.00 Reference

�89 (Failed) 24 2 (8.3) 0.40 0.1, 1.9 .24 24 3 (12.5) 0.45 0.1, 1.6 .22

Met criteria for all 6 tests

�90 (Passed) 42 9 (21.4) 1.00 Reference 42 12 (28.6) 1.00 Reference

�89 (Failed) 117 17 (14.5) 0.62 0.3, 1.5 .30 117 23 (19.7) 0.61 0.3, 1.4 .24

Abbreviations: ACL, anterior cruciate ligament; AOR, adjusted odds ratio; RTS, return to sport.
a Adjusted for sex and time (in mo) to test.
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incidence between patients with BTB grafts who passed all
RTS criteria (2/3, 66.7%) and those who failed at least 1
criterion (10/56, 17.9%; P¼ .07). Similarly, after adjusting
for sex and time to RTS testing, no differences were seen in
the incidence of second ACL injury at 12 months post-RTS
for patients with HS grafts (P ¼ .71) or BTB grafts (P ¼
.06).

DISCUSSION

The purpose of our study was to determine if failing to
achieve RTS criteria (patient-reported outcomes, physical
performance testing, and muscle strength) would be
associated with an increased likelihood of future ACL
injury in the 24 months after RTS in skeletally mature
adolescent and young adult athletes. These data failed to
support the hypothesis that athletes who met the current
RTS criteria would incur fewer second ACL injuries when
compared with those who failed to meet all RTS criteria, as
no difference was present in the relative proportions of

second ACL injuries between groups during the 24 months
after RTS. These findings were consistent when using
passing criteria scores of �90.

With respect to second-injury rates in a young, athletic
population and the athletes’ ability to achieve standard RTS
criteria, these data were consistent with the current
literature. Although the second-injury rate was reported to
be as low as 6% in heterogeneous populations,18 more
recent evidence19 indicated a much higher second-injury
rate in particular high-risk populations. Specifically, rates
of second ACL injuries were as high as 35% in adolescent
athletes returning to pivoting-and-cutting sports after
ACLR. At 24 months after ACLR and RTS, Paterno et
al2 identified the second-injury rate to either the ipsilateral
or contralateral limb as 29%. In their systematic review,
Wiggins et al20 observed that athletes younger than 25 years
who returned to sport had a secondary ACL injury risk of
23%. Therefore, consistent evidence supports that particu-
larly among young, pivoting-and-cutting athletes, a rela-
tively high second-injury rate persists. Importantly, in
corroboration of the current findings, 2 recent meta-
analyses21,22 showed that passing RTS criteria did not lead
to a decreased risk of second ACL injury. Although
Webster and Hewett21 reported a 60% decrease in graft
ruptures, they also noted a 235% increase in risk for a
second contralateral ACL injury among patients who
passed all RTS criteria and no difference among all
patients combined.

In addition to consistent second-injury rates, these data
were consistent with the relatively low percentage of
participants who met current RTS criteria when they
returned to sport or at a 6-month postoperative evalua-
tion.23,24 Published recommendations and clinical practice
guidelines16 advocated for minimum RTS criteria to
include patient-reported outcome measures of function,

Table 4. Crude Odds Ratiosa for Associations Between Functional Tests and Second ACL Injury at 12 Months After RTS by Graft Type

Test Variables

Hamstrings Bone-Patellar Tendon-Bone

No. at Risk No. Injured (%) AOR 95% CI P Value No. at Risk No. Injured (%) AOR 95% CI P Value

International Knee Documentation Committee Subjective Knee Form score

�90 (Passed) 62 10 (16.1) 1.00 Reference 24 4 (16.7) 1.00 Reference

�89 (Failed) 24 4 (16.7) 1.08 0.3, 3.9 .90 35 6 (17.1) 1.19 0.3, 5.0 .81

Quadriceps Limb Symmetry Index

�90 (Passed) 65 11 (16.9) 1.00 Reference 16 20 (18.8) 1.00 Reference

�89 (Failed) 20 2 (10.0) 0.48 0.1, 2.4 .38 43 14 (16.3) 0.83 0.2, 3.8 .81

Single-legged hop for distance

�90 (Passed) 74 11 (14.9) 1.00 Reference 37 8 (22.6) 1.00 Reference

�89 (Failed) 10 2 (20.0) 1.18 0.2, 6.9 .85 18 2 (11.1) 0.48 0.1, 2.8 .41

Triple hop for distance

�90 (Passed) 75 10 (13.3) 1.00 Reference 36 8 (22.2) 1.00 Reference

�89 (Failed) 9 3 (33.3) 3.22 0.7, 15.3 .14 17 2 (11.8) 0.50 0.1, 2.8 .43

Crossover hop for distance

�90 (Passed) 69 10 (14.5) 1.00 Reference 37 8 (21.6) 1.00 Reference

�89 (Failed) 14 2 (14.3) 0.97 0.2, 5.1 .98 14 1 (7.1) 0.30 0.1, 2.8 .30

6-m Timed hop

�90 (Passed) 71 11 (15.5) 1.00 Reference 43 9 (20.9) 1.00 Reference

�89 (Failed) 12 1 (8.3) 0.49 0.1, 4.2 .51 10 1 (10.0) 0.40 0.1, 3.6 .41

Met criteria for all tests

�90 (Passed) 39 7 (17.9) 1.00 Reference 3 2 (66.7) 1.00 Reference

�89 (Failed) 47 7 (14.9) 0.80 0.3, 2.5 .71 56 8 (14.3) 0.08 0.1, 1.1 .06

Abbreviations: ACL, anterior cruciate ligament; AOR, adjusted odds ratio; RTS, return to sport.
a Adjusted for sex and time (in mo) to test.

Figure. Incidence of second anterior cruciate ligament (ACL)
injury after ACL reconstruction and return to sport (RTS) by ability
to meet RTS criteria at �90 criteria.
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physical performance testing, and objective measures of
lower extremity strength. Further, these guidelines advised
meeting or exceeding an LSI of 90% on measures versus
the contralateral limb and minimum scores of 90/100 on
patient-reported measures.16 Wellsandt et al25 suggested
that the LSI may have underestimated the return to the
preinjury level of function, as the contralateral limb may
have weakened during the postoperative period of inactiv-
ity, thereby lowering the baseline targets in strength and
hop measures. Despite this, several researchers demon-
strated that a high percentage of participants failed to
achieve these metrics by 6 months after ACLR or before
RTS.26 Di Stasi et al27 found that only 48% of their patients
met all RTS criteria at the 90% metric at 6 months after
ACLR. Welling et al23 added the ACL-Return to Sport after
Injury (ACL-RSI) patient-reported outcome and a quality-
of-movement assessment to the current RTS criteria and
determined that only 3.2% of patients met all criteria at 6
months post-ACLR and only 11.3% met all criteria at 9
months post-ACLR. Similarly, our results supported these
findings as only 26% met the RTS criteria at a �90 level at
7 months post-ACLR. Collectively, these data supported
the work of investigators21 who cited the low rate of
patients who achieved the current RTS criteria at 6 months
post-ACLR and often at the time of RTS.

Given the low rate of success in patients’ ability to meet
current RTS criteria after ACLR, these gaps in function and
strength may have been related to second ACL injury rates.
Preliminary support for this theory has been provided.
Grindem et al7 evaluated 2-year outcomes of 106 patients
after ACLR. These authors noted that 38.2% of participants
who failed RTS criteria (passing defined as �90) sustained
a second knee injury, though it was not specific to ACL
injury. Conversely, only 5.6% of patients who passed the
RTS criteria before RTS experienced a second knee injury.
No difference was present in second ACL injury rates

between groups; however, the authors highlighted a higher
second knee injury rate in those who failed RTS testing.
More specifically, Kyritsis et al8 assessed the prevalence of
ACL graft rupture in groups that successfully met 6 RTS
criteria compared with those that failed to meet 6 RTS
criteria. In a cohort of 158 professional male soccer players,
those who failed to meet standard discharge criteria were 4
times more likely to incur an ACL injury. Collectively,
these studies support the theory that failure to pass the RTS
criteria, including patient-reported outcomes, lower ex-
tremity strength, and functional hop testing, may relate to
future injury in some populations, particularly adults.

Conversely, our data demonstrated no difference in the
ACL second-injury prevalence based on the ability to meet
the current RTS criteria at 90% levels. Notably, no
difference occurred in the proportion of participants who
passed or failed the RTS criteria and subsequently sustained
a second ACL injury. One partial potential explanation for
the divergent results may have been the populations tested.
Specifically, Grindem et al7 recruited a more heterogeneous
sample based on age and activity level and included all
subsequent knee injuries, whereas we evaluated only
second ACL injuries in young athletes who returned to
pivoting-and-cutting sports. Kyritsis et al8 recruited a group
of professional soccer players, all men. Neither of these
research groups focused their populations on female and
male skeletally mature adolescent and young adult athletes
who participated in pivoting-and-cutting sports, who
historically had the highest injury and second-injury rates,
and, consequently, their results may not be generalizable to
this high-risk population.1,2,20

The inability of the current RTS criteria (including
patient-reported outcomes, objective strength testing, and
physical functional testing) to identify young female and
male pivoting-and-cutting–sport athletes at risk for future
ACL injuries is concerning and results in a significant gap

Table 5. Crude Odds Ratiosa for Associations Between Functional Tests and Second ACL Injury at 24 Months After RTS by Graft Type

Test Variables

Hamstrings Bone-Patellar Tendon-Bone

No. at Risk No. Injured (%) AOR 95% CI P Value No. at Risk No. Injured (%) AOR 95% CI P Value

International Knee Documentation Committee Subjective Knee Form score

�90 (Passed) 62 16 (25.8) 1.00 Reference 24 4 (16.7) 1.00 Reference

�89 (Failed) 24 4 (16.7) 0.60 0.2, 2.0 .41 35 8 (22.9) 1.76 0.4, 7.0 .42

Quadriceps Limb Symmetry Index

�90 (Passed) 65 15 (23.1) 1.00 Reference 16 4 (25.0) 1.00 Reference

�89 (Failed) 20 4 (20.0) 0.77 0.2, 2.7 .68 43 8 (18.6) 0.61 0.2, 2.7 .72

Single-legged hop for distance

�90 (Passed) 74 16 (21.6) 1.00 Reference 37 9 (24.3) 1.00 Reference

�89 (Failed) 10 3 (30.0) 1.44 0.3, 6.7 .64 18 3 (16.7) 0.64 0.1, 3.0 .57

Triple hop for distance

�90 (Passed) 75 16 (21.3) 1.00 Reference 36 10 (27.8) 1.00 Reference

�89 (Failed) 9 3 (33.3) 1.77 0.4, 7.9 .46 17 2 (11.8) 0.37 0.1, 2.0 .25

Crossover hop for distance

�90 (Passed) 69 16 (23.2) 1.00 Reference 37 9 (24.3) 1.00 Reference

�89 (Failed) 14 2 (14.3) 0.54 0.1, 2.7 .45 14 2 (14.3) 0.53 0.1, 3.0 .47

6-m Timed hop

�90 (Passed) 71 17 (23.9) 1.00 Reference 43 10 (23.3) 1.00 Reference

�89 (Failed) 12 1 (8.3) 0.28 0.1, 2.4 .25 10 2 (20.0) 0.75 0.1, 4.2 .74

Met criteria for all tests

�90 (Passed) 39 10 (25.6) 1.00 Reference 3 2 (66.7) 1.00 Reference

�89 (Failed) 47 10 (21.3) 0.77 0.3, 2.1 .62 56 10 (17.9) 0.09 0.1, 1.3 .07

Abbreviations: ACL, anterior cruciate ligament; AOR, adjusted odds ratio; RTS, return to sport.
a Adjusted for sex and time (in mo) to test.

942 Volume 57 � Number 9/10 � September/October 2022



in the literature. Importantly, valid and reliable RTS tools
that accurately assess and predict the future injury risk and
ability to successfully return to preinjury activity are
lacking. Beyond patient-reported outcomes, strength, and
physical function assessment, some have suggested more
specifically evaluating quality-of-movement and psycho-
logical factors. Altered movement patterns have been
identified in patients after ACLR. The most frequently
observed factors were decreased knee-flexion angles and
knee-extensor moments during gait and single-legged–
landing tasks.28–30 Unfortunately, none of these variables
have been identified as a predictive risk factor for future
ACL injury risk. Paterno et al31 characterized movement
patterns that were related to future ACL injury risk after
ACLR. They studied prospectively identified biomechani-
cal and neuromuscular variables that predicted future ACL
injury risk in a population of young female and male
athletes after ACLR and return to pivoting-and-cutting
sports. Altered hip internal-rotation moment, knee valgus,
and asymmetries in sagittal-plane knee moments during the
landing phase of the drop-vertical jump, as well as altered
postural stability, were predictive variables. Despite
producing a very sensitive and specific risk model, the
variables used to assess risk were collected using 3-
dimensional motion analysis. Therefore, these measures
may not be generalizable to all clinical settings. Other
clinical movement screening tools have been developed32,33

to assess future risk in populations after ACLR; however,
these tools have yet to be identified as predicting future
injury.

The participant’s psychological readiness to RTS, or
more specifically, the fear of future injury, has been
evaluated using measures such as the Tampa Scale of
Kinesiophobia34,35 or the ACL-RSI Scale36 and was a
critical factor to consider in RTS decision making.37 The
relationship between self-reported psychological factors
and measures of physical function and performance has
been explored,34,35 but few associations between these
factors and future injury were demonstrated.38 Paterno et
al38 identified high self-reported fear on the Tampa Scale of
Kinesiophobia as predictive of the future ipsilateral ACL
injury risk after ACLR and RTS. Knee-related confidence
on the Knee injury and Osteoarthritis Outcome instrument
and the ACL-RSI in young, skeletally mature athletes also
predicted future injury.10,38,40,41 Future work must better
define the relationship of patient-reported psychological
factors and future injury to better determine its utility as an
RTS measure in this population.

Limitations

The limitations in this study were noteworthy. Our focus
was on assessing the ability of the current RTS criteria to
categorize patients at risk of a second ACL injury,
including both ipsilateral and contralateral injuries. We
did not evaluate the ability of the current criteria to
independently assess an ipsilateral versus a contralateral
injury. Future analyses in larger cohorts are needed to better
examine this aspect. In addition, although the participants’
characteristics were comparable with those of similar
studies,7,8 the sample was relatively small, thus limiting
the ability to control for potential confounding variables.
The current standard of care suggests criterion values of

.90 to pass the RTS criteria.7,8,24 Further, the relatively
smaller size of some subgroups (ie, HS graft, patellar
tendon graft) in these analyses raises the concern for type II
error, considering the inability of these measures to identify
the risk of a future outcome. Confirming these findings by
replicating this study in a larger sample would be
beneficial. A third limitation relates to the use of the IKDC
instrument. The Pediatric IKDC (Pedi-IKDC) was devel-
oped specifically for patients under the age of 18 after we
began collecting data, so we continued to use the IKDC
tool. A fourth limitation of the study was the generaliz-
ability to a more heterogeneous sample. These participants,
by design, represented a very high-risk sample of patients
with an increased likelihood of sustaining a second ACL
injury, as they were young (13 to 25 years old) and active
and intended to return to pivoting-and-cutting sports.
Whether these findings also apply to potentially higher-
risk subgroups, such as female athletes, and potentially
lower-risk subgroups, such as older or less active patients,
is unknown. Also, because rehabilitation and RTS decision
making were not controlled, the average time to RTS was
earlier (7.0 6 2.2 months) than more recent recommenda-
tions of �9 months. Future authors must carefully evaluate
these metrics in more diverse populations to determine the
generalizability of the results. Finally, given that our
primary aim was to determine the relationship between the
ability to meet RTS criteria and a subsequent outcome,
rehabilitation was not controlled in these participants.
Research designed to identify optimal interventions for
improving outcomes must focus on the effects of unique
interventions.

CONCLUSIONS

The current RTS measures, including patient-reported
functional outcomes (�90/100), isokinetic strength tests
(�90% LSI), and functional hop testing (�90% LSI), did
not accurately identify skeletally mature adolescent and
young adult athletes at increased risk for ACL injury after
ACLR and RTS. Future work in this area should focus on
the identification and validation of clinically relevant and
feasible measures that can accurately assess the risk of
future ACL injury and potentially be implemented in a
novel RTS algorithm after ACLR.
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