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Context: Multiple factors are likely associated with an
adolescent athlete’s ability to return to play after anterior
cruciate ligament (ACL) reconstruction (ACLR).

Objective: To investigate the relationship between self-
reported and functional outcome measures on return-to-play
timing in an adolescent population, in athletes who returned and
those who did not return to sport, and to identify a cutoff value for
isometric quadriceps strength that could serve as a clinical
target for maximizing the odds of returning to play after ACLR.

Design: Cross-sectional study.

Setting: Outpatient clinic.

Patients or Other Participants: Adolescent athletes who
underwent ACLR and completed clinical measures at their 3-
and 6-month follow-up appointments were included.

Main Outcome Measure(s): Clinical measures included
functional outcomes of isometric and isokinetic strength tests
and the Anterior Cruciate Ligament Return to Sport After Injury
scale and the pediatric version of the International Knee
Documentation Committee subjective form. Physician clearance
dates for return to play were obtained from patient records.

Results: Higher strength measures were associated with
better scores on the Anterior Cruciate Ligament Return to Sport

After Injury and the pediatric version of the International Knee
Documentation Committee instruments at each follow-up.
Differences were found in isometric extension strength (P =
.001) and isokinetic extension strength at 180°s (P = .03) and
300°/s (P = .002) between patients who returned to sports and
those who did not. A 6-month isometric extension deficit (mean
Limb Symmetry Index =85.48 + 23.15) displayed high accuracy
(area under the curve = 0.82, 95% confidence interval = 0.68,
0.95) for identifying patients who returned to play after ACLR.

Conclusions: Higher strength measures at both 3 and 6
months after ACLR were associated with greater self-reported
knee function and greater readiness to return to functional
activities at 6 months and ultimately earlier return to sport in
adolescent athletes. These results provide evidence that self-
reported outcome scores should be used as an additional
screening tool in conjunction with quadriceps strength testing to
help provide realistic recovery timeframes for adolescent
patients.

Key Words: knee, strength, International Knee Documen-
tation Committee form, ACL Return to Sport After Injury scale

reconstruction.

Key Points

» Improved functional strength measures at 3 and 6 months postoperatively were associated with improved self-
reported knee function and greater readiness to return to functional activities after anterior cruciate ligament

 Self-reported outcome scores should be used as additional screening tools in conjunction with quadriceps strength
testing to help promote improved recovery and resumption of functional activities in adolescent athletes.

nterior cruciate ligament (ACL) injuries are
A extremely prevalent within the athletic population,

with more than 300 000 injuries occurring annually
in the United States." Until recently, it was believed that
ACL injuries in pediatric and adolescent athletes were
predominantly avulsion fractures of the tibial spine.?
Further examination of the condition has demonstrated a
higher incidence of midsubstance ACL tears than previ-
ously believed. Researchers*™ have reported that the ACL
injuries in skeletally immature athletes accounted for 0.5%
to 3% of all ACL injuries. Authors of other epidemiologic
studies®’ have observed that, in children with traumatic

acute knee hemarthosis and effusion, 29% and 47%,
respectively, were diagnosed with an ACL injury. The
percentage of these pediatric and adolescent athletes
undergoing ACL reconstruction (ACLR) is on the rise.®’
As surgical techniques for skeletally immature athletes
advance and surgical interventions become more prevalent
in this population, examining the requirements needed for a
safe return to play is pertinent.

A successful ACLR has traditionally been defined as a
return to normal symmetric function based on multiple
clinical measures, including muscular power and endur-
ance, functional movement, and proprioception of the
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involved extremity.'® Objective measures, such as isoki-
netic and isometric strength testing, as well as additional
functional testing that analyzes a series of double- and
single-limb hop tasks, are often used to determine an
athlete’s readiness to return to sport after ACLR.!""!> These
functional tests are frequently conducted at specific
postoperative time points to assess progress throughout
rehabilitation. Clearance for return to play normally
requires a Limb Symmetry Index (LSI), or quadriceps
strength, of >80%—90% of the contralateral side.'>'* Adult
athletes are typically expected to return to functional or
sport-related activities between 6 and 12 months after
ACLR; most individuals will successfully return to sport by
1 year after surgery.'* However, limited evidence suggests
that these time points are appropriate for adolescent
athletes.

As previously noted, physical impairments and return to
function are well studied and represented within the
literature and clinical practice. Psychological aspects of
injury, especially in younger adolescents, may be less
apparent and subsequently may not be fully addressed in
typical clinical settings. Numerous psychosocial and
environmental factors have been identified as potential
barriers to return to sport. These factors include a general
loss of interest in sport, changes in level of play, and fear of
reinjury.®!%14-18 QOther factors, such as lifestyle changes,
loss of motivation, and perceived self-efficacy, may also
contribute to whether athletes return to sport.'®!? Self-
reported outcome scales can be used to gain a better
understanding of how an athlete feels about his or her knee
function and readiness to return to sport after an injury.
However, self-reported outcome measures have not been
used routinely in adolescent patients, thereby limiting our
understanding of this population’s satisfaction after surgical
intervention.?° In addition, little evidence addresses how
clinical outcome measures of subjective function, psycho-
logical readiness, and strength may be associated with an
adolescent patient’s recovery of function and ability to
obtain clearance to return to play and resume an active
lifestyle. Therefore, the primary purpose of our study was
to investigate the association between functional strength
measurements and self-reported outcomes and how they
related to return-to-play timing in adolescent athletes who
underwent ACLR. We hypothesized that higher strength
measures would correlate with better self-reported outcome
scores and earlier return-to-play timing. Additionally, we
proposed that athletes who returned to play within a year of
surgery (RTP) would have better self-reported outcome
scores and strength measures compared with those athletes
who did not return to play within a year of surgery (NRTP).
A secondary aim of this study was to identify a cutoff value
for isometric quadriceps strength that could serve as a
clinical target for maximizing the odds of returning to play
after ACLR.

METHODS

Study Design

This study was a retrospective review that employed a
cross-sectional design. Institutional review board approval
was obtained before data collection.

Participants

All participants were patients of 2 fellowship-trained
orthopaedic surgeons at an outpatient pediatric and
adolescent sports medicine clinic. Patients were identified
by the Current Procedural Terminology code 29888 as
having an ACL tear. A search of the medical records
revealed a total of 101 patients who underwent ACLR using
a hamstrings autograft between April 2014 and July 2015.
Patients who had concomitant meniscal involvement
requiring meniscectomy or meniscal repair were included
in this study. Patients were excluded if they were 19 years
of age or older at the time of surgery, failed to follow up at
3 and 6 months after surgery, had a previous surgery on the
contralateral knee, had reconstructive surgery with a bone-
patellar tendon-bone graft, underwent a revision surgery, or
sustained a multiligamentous injury (Figure 1). All included
patients were referred for rehabilitative therapy postoper-
atively, and a standard ACLR postoperative rehabilitation
protocol was provided to both the patient and treating
therapist. Physician clearance to resume unrestricted
athletics was determined by a combination of criteria: full,
pain-free range of motion; resolution of joint effusion; an
LSI of >80% for quadriceps isometric and isokinetic
testing at 180°/s; and a satisfactory score on the Noyes hop
test. Patients were categorized based on clearance status:
RTP or NRTP.

Measures

Clinical data (age, sex, date of surgery, and physician
clearance date for return to play, when applicable) were
obtained from the patients’ medical records. During the 3-
and 6-month clinic appointments, as part of the surgeon’s
standard postoperative care, patients completed 2 self-
reported outcome forms, as well as a functional strength
test. Return-to-play timing was determined from clinical
notes as the date the surgeon released all physical
restrictions after a review of the functional performance
testing results when appropriate and calculated as the
number of months between surgery and return to play.

Self-Reported Outcomes. The ACL Return to Sport
After Injury (ACL-RSI) scale was used to assess the
patient’s readiness to return to functional activity. The
ACL-RSI is a 12-item, valid, and reliable questionnaire
designed to incorporate specific elements, such as patient
confidence and risk appraisal, and is associated with an
athlete’s readiness to return to functional activity.?! The
ACL-RSI scores range from 0 to 100, with higher scores
representing patients who are more ready to return to sport.
An ACL-RSI score of 56 or less has correctly identified
adult athletes who may fail to return to their sport after
surgery due to psychological factors.?? Self-reported knee
function was measured using the pediatric version of the
International Knee Documentation Committee (Pedi-
IKDC) subjective evaluation form. The Pedi-IKDC is a
13-item, valid, and reliable knee-specific outcome mea-
sure.?*-** Pediatric IKDC scores range from 0 to 100, with
higher scores indicating healthier knee function.

Objective Qutcomes. Strength measurements were
collected using a Humac isokinetic dynamometer (CSMi
Solutions, Stoughton, MA) for both the surgical and
contralateral limbs. For all testing procedures, the unin-
volved extremity was tested first, followed by the involved
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101 Patients Underwent Anterior
Cruciate Ligament Reconstruction
From April 2014 to July 2015

50 Patients Included in Final
Analysis

Figure 1. Patient flow chart.

extremity, and patients were allowed a practice trial before
data collection. Isometric strength tests of the quadriceps
and hamstrings muscle groups were completed at both 3
and 6 months postoperatively. Isometric strength was
measured as the average torque across the 3 trials and
reported as the deficit ratio between the surgical and
contralateral limbs, also known as the LSI.>® Patients
completed 3 trials with each knee in 60° of flexion and were
allowed a 10-second rest period between trials. Isokinetic
concentric strength testing of the quadriceps and hamstrings
muscle groups was conducted at the patient’s 6-month
clinic visit. Isokinetic testing was similarly measured as the
average torque across the 3 trials and was reported as an
LSI percentage. Patients completed 3 trials through a full
range of knee motion at 60°/s, 180°/s, and 300°/s and were
allowed a 30-second rest period between trials.

Statistical Analysis

Initial bivariate Pearson product moment correlations
were performed between LSI outcome predictor variables
(isometric flexion and extension and isokinetic flexion and
extension at 60°s, 180°s, and 300°/s) and self-reported
outcomes (ACL-RSI, Pedi-IKDC) for all patients at both
the 3- and 6-month time points. Correlation coefficients ()
were classified as weak (0.4), moderate (0.4—0.7), or strong
(0.7—1.0).26 Pearson product moment correlations were also
performed between all predictor variables. Spearman p
correlations were performed in the case of any non-
normally distributed variables.

Follow-up hierarchal multiple linear regression analyses
were then calculated to examine the variance in the ACL-
RSI and Pedi-IKDC scores at 6 months that could be
explained by the variance in each outcome variable at both
the 3- and 6-month testing sessions. The order in which the
predictor variables were entered into the regression model
was determined by the magnitude of the respective Pearson
product moment correlations. Only predictor variables that
demonstrated significant Pearson product moment correla-

51 Patients Excluded:

e =19 Years of age (n = 2)

e Underwent revision surgery (n = 10)

e Had a bone-patellar tendon-bone
graft (n =12)

¢ Did not complete outcomes at 3 and
6 mo after surgery (n = 25)

e Reinjured the anterior cruciate
ligament graft (n = 2)

tions were entered into the regression models. The R? value
of the model was reported along with the change in R? after
the addition of each subsequent variable into the model.

Additional bivariate Pearson product moment correla-
tions and hierarchal multiple linear regression analyses
were also performed on only the group of patients (n = 34)
who returned to play, in the same manner as described
earlier, using the independent functional variable predictors
(LSI isometric flexion, LSI isometric extension, LSI
isokinetic flexion, and LSI isokinetic extension at 60°/s,
180°s, and 300°s) and self-reported outcome variable
predictors (ACL-RSI, Pedi-IKDC) to determine how these
affected return-to-play timing.

To further identify outcomes that help explain those who
g0 on to return to play, separate independent-samples ¢ tests
were conducted to examine the differences in functional
strength measures and self-reported outcomes at 3 and 6
months between patients in the RTP and NRTP groups.
Lastly, a separate receiver operating characteristic (ROC)
curve was constructed to determine the ability of 6-month
LSI isometric extension strength to predict the dichotomous
variable of return to play. Limb Symmetry Index isometric
extension is a common, clinically relevant measure used to
assess quadriceps strength after ACLR.?” In this case, return
to play was categorized as either yes, RTP, or no, NRTP.
Results of the ROC curve were reported as the area under
the curve (AUC) and corresponding 95% confidence
intervals (ClIs). The strength of the AUC represented a
perfect test (0.9—1), highly accurate test (0.7—0.89),
moderately accurate test (0.69—0.5), or noninformative test
(<0.5).2% A cutoff score for LSI isometric extension values
that maximized the sensitivity and specificity for return to
play was determined by identifying the LSI values on the
ROC curve positioned closest to the upper left corner of the
graph (Figure 2). Odds ratios and corresponding 95% Cls
for return to play based on the cutoff scores for LSI
isometric extension were calculated. Additional odds ratios
were calculated as previously described for both males and
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Figure 2. Receiver operating characteristic curve for 6-month
Limb Symmetry Index isometric extension predicting return to play.

females. The level of statistical significance was established
a priori at o < .05. All statistical analyses were performed
using SPSS (version 24; IBM Corp, Armonk, NY).

RESULTS

A total of 50 adolescent patients (27 males/23 females;
average age = 15.9 *= 1.82 years, range = 11.4-18.8 years)
were included in the final analysis. See Figure 1 for the
delineation of excluded patients. Additional demographic
data are shown in Table 1, and means and standard
deviations for all main outcome variables and group
differences can be found in Table 2.

Functional Strength Measures on Self-Reported
Outcomes at 3 and 6 Months

Correlation analyses for the 3-month postoperative
variables identified several associations (Table 3). A greater
LSI for isometric extension was moderately associated with
higher Pedi-IKDC scores at 3 months and weakly
associated with higher ACL-RSI scores at 6 months.
Higher ACL-RSI scores were moderately associated with
higher Pedi-IKDC scores at 3 months. In addition, higher
Pedi-IKDC scores at 3 months were weakly associated with
higher Pedi-IKDC scores at 6 months.

Correlation analyses for the 6-month postoperative
variables also identified several associations (Table 4).
Greater LSIs for isometric extension were associated with
higher ACL-RSI and Pedi-IKDC scores. Higher LSI values
for isometric flexion were associated with higher Pedi-
IKDC scores. Higher ACL-RSI scores were associated with
higher LSIs for isokinetic extension at all 3 testing speeds.
Additionally, higher ACL-RSI scores were associated with
higher Pedi-IKDC scores.

The multiple hierarchical regression model (Table 5)
examining 3-month Pedi-IKDC scores, 6-month ACL-RSI
scores, and 6-month LSIs for isometric extension and

Table 1. Demographic Characteristics

Group
Returned Did Not Return
to Play to Play
Characteristic (n = 34) (n = 16)
Sex
Male 21 6
Female 13 10
Average age, y (mean = SD 159 = 1.8 156 = 1.9
[range]) (11.4—18.5) (12.2—18.8)
Additional surgical procedures
Meniscal pathologic condition, % 44 62
Meniscal repair, No. 12 8
Meniscectomy, No. 3 2

Surgical modifications
Physeal sparing, No. 3 1
Average time to return to play, 74 =19 NA
mo (mean = SD [range]) (4.1-12.2)

Abbreviation: NA, not applicable.

flexion predicted 47% of the variance in 6-month Pedi-
IKDC scores; however, 6-month ACL-RSI scores signifi-
cantly predicted 44% of the total variance, with the
remaining variables demonstrating nonsignificant R>
change values and providing only 3% to the model. In
the second model examining 6-month ACL-RSI scores, the
6-month LSI for isokinetic extension at 60°/s was the
largest predictor at 28% of the variance in the 6-month
ACL-RSI scores. The other variables contributed 27% of
the variance and wholly explained 55% of the variance in
the 6-month ACL-RSI scores. However, the second largest
single predictor of the variance was the 6-month Pedi-
IKDC score, which contributed an R? change of 13% to the
model and, when combined with the 6-month LSI for
isokinetic extension at 60°/s, drove 41% of the total
variance.

Functional Strength and Self-Reported Outcomes on
Return-to-Play Timing

Further Pearson correlation analyses examining the
relationship between functional strength and self-reported
outcome measures at 3 and 6 months indicated that, at 3

Table 2. Main Outcome Variables (Mean *= SD)

Variable 3-Month Visit 6-Month Visit
Limb Symmetry Index
Isometric extension 74.42 = 20.37 85.48 = 23.15
Isometric flexion 66.27 = 20.30 79.44 = 15.08
Isokinetic extension at 60°/s a 85.37 = 23.15
Isokinetic extension at 180°/s a 86.03 = 15.18
Isokinetic extension at 300°/s a 87.16 = 20.28
Isokinetic flexion at 60°/s a 90.95 = 13.42
Isokinetic flexion at 180°/s a 94.21 = 15.53
Isokinetic flexion at 300°/s a 96.61 = 21.52
Anterior Cruciate Ligament
Return to Sport After Injury
scale 64.23 = 20.48 74.12 = 19.29
Pediatric International Knee
Documentation Committee
self-reported questionnaire 69.17 = 13.79 83.49 = 14.48

2 The relationship was not measured at 3 months.
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Table 3. Pearson Product Moment Correlations?® for Subjective Outcomes

Months After Anterior Cruciate Ligament Reconstruction

3 6
ACL-RSI Pedi-IKDC ACL-RSI Pedi-IKDC
3-Month Outcome Variable r Value P Value r Value P Value r Value P Value r Value P Value
Limb Symmetry Index: isometric extension 0.25 11 0.47 .0020 0.38 .009° 0.28 .06
Limb Symmetry Index: isometric flexion 0.28 .97 0.23 14 0.20 .30 0.06 .69
ACL-RSI score e c 0.55 <.001° 0.23 15 0.17 .27
Pedi-IKDC score e ° e e 0.31 .05 0.37 .01¢

Abbreviations: ACL-RSI, Anterior Cruciate Ligament Return to Sport after Injury; Pedi-IKDC, Pediatric International Knee Documentation

Committee.

a Correlation coefficients were classified as weak (0-0.4), moderate (0.4-0.7), or strong (0.7-1.0).

b Indicates relationship (P < .01).
¢ The relationship was redundant and, therefore, was omitted.
9 Indicates relationship (P < .05).

months post-ACLR, the LSIs for both isometric extension
(r=-0.45, P=.01) and flexion (r =—0.44, P =.01) were
moderately associated with return-to-play timing, demon-
strating that greater strength was associated with quicker
timing. The 6-month ACL-RSI and Pedi-IKDC scores and
LSI for isokinetic extension at 60°/s were moderately
associated with earlier return to play, whereas the LSI for
isometric extension was weakly associated with earlier
return to play (Table 6). The multiple regression model
using the 3-month LSIs for isometric extension and flexion
predicted 25% of the variance in return-to-play timing.
The LSI values for isometric extension and flexion were
both significant to the model; however, the LSI for
isometric extension predicted 20% of the total variance,
whereas the LSI for isometric flexion had a nonsignificant
R? change of 5% (P =.19). A second model using 6-month
self-reported outcome scores and the LSIs for isometric
and isokinetic extension significantly predicted 55% of the
overall variance in return-to-play timing. The largest
predictor of return-to-play timing was the Pedi-IKDC
score at 6 months (29%). The other 3 variables added an
additional 25% to the model, but the values for the

corresponding R? change were insignificant contributors
(Table 7).

Comparisons of Functional Strength and Self-
Reported Outcomes Between Return-to-Play Groups

We performed an independent-samples ¢ test to determine
if there were differences in functional strength and self-
reported outcomes between patient groups (RTP versus
NRTP). No differences for 3-month functional and self-
reported outcomes were identified between groups. At the
6-month time point, the RTP group was stronger than the
NRTP group in the LSIs for isometric flexion (P = .049),
isometric extension (P = .001), and isokinetic extension at
180°/s (P =.03) and 300°/s (P = .002; Table 8).

Predictive Capacity of the 6-Month LSI Isometric
Extension Strength for Return to Play

The 6-month LSI for isometric extension (mean = 85.48
* 23.15) displayed high accuracy (AUC = 0.82; 95% CI =
0.68, 0.95) for identifying patients who returned to play
after ACLR (Figure 2). An LSI isometric extension value of

Table 4. Pearson Product Moment Correlations? of Main Outcome Variables at 6 Months

Anterior Cruciate Ligament
Return to Sport After Injury Score

Pediatric International
Knee Documentation Committee
Self-Reported Questionnaire Score

Qutcome Variable rValue P Value rValue P Value
Limb Symmetry Index
Isometric extension 0.36 .01° 0.34 .01°
Isometric flexion 0.23 18 0.31 .03°
Isokinetic extension at 60°/s 0.54 .001¢ 0.32 .05
Isokinetic extension at 180°/s 0.43 .009° 0.28 .09
Isokinetic extension at 300°/s 0.34 .04° 0.18 27
Isokinetic flexion at 60°/s 0.02 91 0.06 74
Isokinetic flexion at 180°/s 0.24 15 0.16 .35
Isokinetic flexion at 300°/s 0.03 .87 —0.01 .94
Anterior Cruciate Ligament Return to Sport
After Injury scale d d 0.51 <.001°
Pediatric International Knee Documentation
Committee self-reported questionnaire d d d d

a Correlation coefficients were classified as weak (0-0.4), moderate (0.4-0.7), or strong (0.7-1.0).

b Indicates relationship (P < .05).
¢ Indicates relationship (P < .01).
d The relationship was redundant and, therefore, was omitted.

446 Volume 53 ® Number 5 ¢ May 2018



Table 5. Regression Analyses Performed Using Predictor Variables to Explain the Variance in the 6-Month Pediatric International Knee
Documentation Committee (Pedi-IKDC) Self-Reported Questionnaire and Anterior Cruciate Ligament Return to Sport After Injury Scale

Model Variable R? Value P Value AR? Value P Value
Pedi-IKDC score
1 6-mo Anterior Cruciate Ligament Return to Sport After Injury score 0.4402 <.001 0.4402 <.001
2 3-mo Pedi-IKDC score 0.4482 <.001 0.008 .50
3 6-mo LSI: isometric extension 0.4502 <.001 0.002 71
4 6-mo LSI: isometric flexion 0.4712 <.001 0.021 .27
Anterior Cruciate Ligament Return to Sport After Injury scale
1 6-mo LSI: isokinetic extension at 60°/s 0.2792 .002 0.2792 .002
2 6-mo Pedi-IKDC score 0.4102 .001 0.1312 .02
3 6-mo LSI: isokinetic extension at 180°/s 0.4112 .002 0.002 .79
4 3-mo LSI: isometric extension 0.4352 .004 0.024 .30
5 6-mo LSI: isometric extension 0.5242 .002 0.0882 .04
6 6-mo LSI: isokinetic extension at 300°/s 0.5502 .002 0.026 .25
Abbreviation: LSI, Limb Symmetry Index.
2 Indicates difference (P < .05).
87.35% maximized the sensitivity (0.72) and specificity DISCUSSION

(0.87) for predicting return to play. Patients with a 6-month
LSI isometric extension value >87.35% demonstrated 8.33
(95% CI =2.13, 32.60) times the odds of returning to play
compared with patients who exhibited LSI isometric
extension values of <87.35% (Table 9). Males (n = 27)
and females (n = 23) with an LSI isometric extension value
of >87.35% demonstrated 9.00 (95% CI=1.28, 63.02) and
6.40 (95% CI = 0.89, 45.99) times higher odds, respec-
tively, of returning to play after ACLR.

Table 6. Pearson Product Moment Correlations? of Return-to-Play
Timing

Return-to-Play Timing

Qutcome Variable r Value P Value
3 mo
Anterior Cruciate Ligament Return
to Sport After Injury score -0.04 .86
Pediatric International Knee
Documentation Committee self-
reported questionnaire score —0.26 .19
Limb Symmetry Index
Isometric extension —0.45 .01°
Isometric flexion -0.44 .01°
6 mo
Anterior Cruciate Ligament Return
to Sport After Injury score —0.40 .020
Pediatric International Knee
Documentation Committee self-
reported questionnaire score —-0.43 .01¢
Limb Symmetry Index
Isometric extension -0.39 .02°
Isometric flexion -0.21 .25
Isokinetic extension at 60°/s -0.43 .020
Isokinetic extension at 180°/s -0.28 13
Isokinetic extension at 300°/s -0.05 .81
Isokinetic flexion at 60°/s -0.29 12
Isokinetic flexion at 180°/s -0.22 .26
Isokinetic flexion at 300°/s 0.11 57

a Correlation coefficients were classified as weak (0-0.4), moderate
(0.4-0.7), or strong (0.7-1.0).

b Indicates relationship (P < .05).

¢ Indicates relationship (P < .01).

We sought to investigate the association between
functional strength measures and self-reported outcomes
and how they related to return-to-play timing in adolescent
athletes who underwent ACLR. The results of this study
may provide clinicians with an overview of functional and
psychological indicators among adolescent athletes. Addi-
tionally, our findings may offer insight into those
individuals who trend toward an extended recovery course
after ACLR. First, patients who exhibited greater LSIs for
isometric extension at 3 months postoperative had im-
proved self-reported knee function and greater readiness to
return to play at their 6-month follow-up. Second, a greater
LSI for isometric extension at 3 months, along with higher
self-reported knee function, readiness to return to functional
activities, and a greater LSI for isokinetic extension at 6
months predicted a quicker return to play after ACLR. The
RTP patients demonstrated greater LSIs for isometric
extension and isokinetic strength at 180°/s and 300°/s than
the NRTP patients. Lastly, patients who exhibited an LSI
isometric extension value of >87.35% at 6 months had
approximately 8 times the odds of returning to play
compared with patients who exhibited an LSI isometric
extension value of <87.35%.

Self-reported outcome questionnaires provide clinicians
with valuable information regarding a patient’s perception
of his or her current knee function, such as symptoms,
physical function, and activity level in daily life and
sports.'” Numerous self-reported outcome questionnaires
are available for use after ACLR to help clinicians further
understand their patients’ perceptions of their knee function
over the course of recovery. However, the routine use of
self-reported outcomes in a purely adolescent population
has been limited.?* We chose to examine the Pedi-IKDC
and ACL-RSI to gauge both an individual’s perception of
knee function and symptoms as well as his or her
psychological feelings and readiness to return to functional
activities after ACLR. The Pedi-IKDC differentiates
between patients who exhibit greater knee symptoms and
lower-level physical function from those with fewer
symptoms and better knee function,!® whereas the ACL-
RSI?? helps to identify those athletes who may not be
psychologically ready to return to activities.
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Table 7. Regression Analyses Performed Using Predictor Variables to Explain the Variance in Return-to-Play Timing

Model Variable R?Value P Value AR2?Value P Value
Return to play 3-mo variable

1 LSI: isometric extension 0.2032 .01 0.2032 .01

2 LSI: isometric flexion 0.2492 .02 0.047 19
Return to play 6-mo variable

1 Pediatric International Knee Documentation Committee self-reported questionnaire score 0.2922 .004 0.2922 .004

2 LSI: isokinetic extension at 60°/s 0.3942 .003 0.102 .06

3 Anterior Cruciate Ligament Return to Sport After Injury score 0.4202 .006 0.036 .25

4 LSI: isometric extension 0.5462 .002 0.1172 .03

Abbreviation: LSI, Limb Symmetry Index.
2 Indicates difference (P < .05).

Our findings add clinically relevant information regard-
ing patient-reported outcome measures of adolescent
patients at 3 and 6 months after ACLR. Patients who
returned to play demonstrated higher overall self-reported
outcome scores on the Pedi-IKDC and ACL-RSI; however,
the scores were not statistically different between groups.
The ranges of our patients’ subjective scores on both the 6-
month Pedi-IKDC and ACL-RSI agreed with those in a
recent review>" of factors affecting return-to-play rates after
ACLR that determined patient self-reported function to be
less than optimal (>10% self-reported deficits) at the time
of release to activity or sport. A self-reported functional
deficit of less than 10% on self-reported outcome
questionnaires, such as the Pedi-IKDC, IKDC, or Knee
Injury and Osteoarthritis Outcome activity scale, is the
current clinically recommended criterion for return to
play.’' Both groups of patients in the present study
demonstrated >10% deficits on the Pedi-IKDC, suggesting
that, although some patients returned to play, they did not

meet the clinical cutoff criteria for these self-reported
scoring tools. In previous research,? adult patients who
scored 56 or less on the ACL-RSI were identified as those
who may fail to return to functional activities after surgery
due to psychological factors. The RTP group demonstrated
ACL-RSI scores well above the 56 cutoff, whereas the
NRTP group still scored above 56. It is important to note
that these differences may be a factor of age, as no current
normative data exist for adolescent patients on the ACL-
RSI questionnaire. The findings of our study demonstrate
that the ACL-RSI scale, in addition to the Pedi-IKDC and
quadriceps strength, can be used as measures associated
with return-to-play timing after ACLR. When examining
the relationship between the 2 self-reported measures used
in this study, we observed that 6-month ACL-RSI scores
predicted almost half of the total variance in 6-month Pedi-
IKDC scores, demonstrating the comparability of the 2
measures with regard to self-reported physical and
psychological function. Additionally, greater readiness to

Table 8. Main Outcome Variables Between Returned-to-Play and Did-Not-Return-to-Play Groups and Independent t Test Results (P Value,

95% Confidence Interval)

Group (Mean * SD)

Returned Did Not Return 95% Confidence
Outcome Variable to Play to Play P Value t Value Interval
3 mo
Anterior Cruciate Ligament Return to Sport
After Injury score 66.38 = 19.05 60.47 = 22.94 .36 0.92 -7.1,18.8
Pediatric International Knee Documentation
Committee self-reported questionnaire score 68.11 = 14.41 70.99 = 12.91 .53 -0.64 -11.9, 6.2
Limb Symmetry Index
Isometric extension 77.36 = 18.07 68.13 + 24.05 15 1.47 -3.4,21.9
Isometric flexion 69.50 = 19.88 59.38 = 20.10 A1 1.62 —2.5,22.6
6 mo
Anterior Cruciate Ligament Return to Sport
After Injury score 76.72 = 16.49 68.41 + 24.02 A7 1.37 -3.6,20.3
Pediatric International Knee Documentation
Committee self-reported questionnaire score 85.22 = 14.45 79.93 = 14.34 .23 1.25 -3.5, 14.1
Limb Symmetry Index
Isometric extension 93.37 = 19.82 68.62 + 21.08 .0012 3.91 12.0, 37.5
Isometric flexion 82.37 = 13.88 73.15 = 16.07 .0492 2.02 0.0, 18.3
Isokinetic extension at 60°/s 86.48 + 13.66 81.78 = 14.51 .38 0.89 -6.0, 15.4
Isokinetic extension at 180°/s 89.03 = 14.04 76.33 = 15.41 .032 2.32 1.6, 23.8
Isokinetic extension at 300°/s 92.69 = 17.40 69.33 = 19.34 .0022 3.43 9.5,37.2
Isokinetic flexion at 60°/s 91.79 = 13.76 88.22 = 12.63 49 0.69 —6.9, 14.0
Isokinetic flexion at 180°/s 95.62 + 17.01 89.67 + 8.54 .32 1.01 -6.1,17.9
Isokinetic flexion at 300°/s 98.28 = 20.06 91.22 + 26.27 40 0.86 —9.6, 23.7

a Indicates difference between group means (P < .05).
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Table 9. Contingency Table for Limb Symmetry Index (LSI) Cutoff Score of 87.35% and Returned-to-Play Versus Did-Not-Return-to-Play

No. (%)

Returned to Play Total

Groups

6 Months LSI: Isometric Extension, % Did Not Return to Play
<87.35 12 (57.1)
>87.35 4 (13.8)

Total 16

9 (42.9) 21 Patients with 6-mo LSI for
isometric extension < 87.35
25 (86.2) 29 Patients with 6-mo LSI for
isometric extension > 87.35
34 50

return to functional activity and greater self-reported knee
function were associated with faster return-to-play timing
in those patients who returned to play.

Specific functional measures, such as isokinetic and
isometric strength testing on a dynamometer, are frequently
used to help evaluate limb symmetry in muscle strength and
functional performance.?>*7%> These functional strength
tests are often used at specific postoperative time points, as
designated by the treating physician or therapist, to assess
progress throughout the rehabilitation process. Current
clearance criteria for return to play normally include lower
limb symmetry measures that are >90% of the contralateral
side.!*%37 Greater isometric strength at 3 months postop-
eratively was associated with improved self-reported
outcome measures at both 3 and 6 months and predicted
faster return-to-play timing. Additionally, although iso-
kinetic extension strength at 60°/s was moderately associ-
ated with return-to-play timing, only isometric extension
strength predicted earlier return to play. A difference was
found in 6-month LSIs for isometric and isokinetic
extension between groups. Adolescent athletes in the RTP
group demonstrated adequate strength and limb symmetry
(>80%) for isometric extension strength and isokinetic
extension strength at 180°s and 300°s. Patients in the
NRTP group demonstrated LSIs that fell outside the
clinically recommended cutoff value for almost all of the
functional strength measures performed at the 6-month time
point. Among patients in the NRTP group, their 3-month
LSI for isometric extension strength values (68.13 = 24.05)
was almost identical to their 6-month LSI value (68.62 *
21.08), demonstrating their inability to recover appropriate
quadriceps function required to successfully return to play.

We further sought to determine a clinical cutoff tool for
isometric extension strength that could be used as a
clinically meaningful criterion for predicting return to play
in adolescent athletes. We examined 6-month LSI percent-
age values for isometric extension strength to help identify
patients who returned to play after ACLR. Patients in our
study with a 6-month LSI for isometric extension >87.35%
demonstrated 8 times greater odds of returning to play
compared with patients who exhibited an LSI <87.35%.
This finding is extremely relevant for clinicians working
with adolescent athletes postoperatively as it agrees with
previously published literature'*!'*3! on appropriate
strength criteria and clinically meaningful cutoff values.
Earlier authors recommended functional strength measures
of 80% to 90%; however, although this is clinically
applicable, it does not always identify those individuals
who still may fail or decide not to return to play after
ACLR. Additional underlying barriers of return to play in
adult athletes have been identified and discussed at length;
yet the literature on adolescent athletes lacks consistency.

An interesting finding of this study was that, when we
considered sex in terms of differences in 6-month isometric
extension strength, females were at 12-times higher odds of
returning to play if they had an LSI for isometric extension
strength of >87.35 compared with males, who were at 9
times higher odds. This may be an important clinical factor
to note when adolescent females and males pursue
rehabilitation programs.

Used in isolation, individual outcome measures can
provide helpful clinical information, but how these
measures relate to each other may offer a stronger clinical
picture of the patient’s actual recovery from surgery. A
number of investigators®*3%3° have assessed the association
between self-reported outcomes and functional measures
after ACLR. Logerstedt et al'® found that lower IKDC
scores suggested poor isometric quadriceps strength during
functional testing for clearance to return to activity.
Christensen et al'® noted an association between higher
IKDC scores at 1 and 2 months after ACLR and better
isometric extension limb symmetry. However, the average
ages of the participants in these studies were 26.9 = 9.7
and 33.0 * 12.1 years, respectively. Zwolski et al®®
evaluated the relationship between IKDC scores and
isometric extension limb symmetry in adolescent athletes
(average age = 16.7 = 2.7 years) at the time of physician
clearance after ACLR. They reported that patients with
higher IKDC scores demonstrated an increased likelihood
of exhibiting greater involved-limb isometric extension
strength and better limb symmetry than patients who had
lower knee function scores after ACLR. Our results agree
with those of Zwolski et al,*® as we determined that
improved isometric extension limb symmetry was associ-
ated with greater self-reported function and greater
readiness to return to functional activities at 6 months after
ACLR. In addition, 6-month isometric extension limb
symmetry was different between RTP and NRTP patients.
These results support the practice of assessing both self-
reported and functional outcomes in adolescent athletes
during the recovery phase after ACLR. However, to our
knowledge, we are the first to examine the relationship
between self-reported psychological readiness to return to
functional activities and other clinical outcome measures in
a strictly adolescent population.

A unique aspect of our study is that we examined both
functional and self-reported outcome measures in an
adolescent athletic population to better understand the
relationship of physical function with self-reported function
and readiness to return to functional activities after ACLR.
Most previous authors have focused on a wider age range of
individuals who sustained ACL injuries and subsequently
underwent ACLR. We included only those athletes who had
primary hamstrings autografts after ACLR to avoid
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possible discrepancies in outcome measures of patients
with bone-patellar tendon-bone grafts or revision ACL
surgeries. A limitation of this study is that we did not
include those athletes who had bone-patellar tendon-bone
grafts or ACL revisions as these could have confounded our
results, thus preventing the results of this study from being
generalizable to all patients who undergo surgical inter-
vention for ACL tears. Additionally, we did not examine
long-term rehabilitation results, contralateral injuries, or
subsequent reinjury rates. Another limitation was the small
sample size. A larger sample size might have resulted in
significance of those findings that trended toward signifi-
cance. Future researchers should study these factors with a
larger population in long-term follow-up.

CONCLUSIONS

In an adolescent population, improved functional strength
measures at 3 and 6 months after ACLR were associated
with improved self-reported knee function and greater
readiness to return to functional activities. In addition, both
strength and self-reported outcomes were moderately
associated with and can be used as collective predictors
of return-to-play timing in those individuals who return to
play. Lastly, continuing to use appropriate clinically
recommended criteria for progression through rehabilita-
tion and when making return-to-play decisions is pertinent,
especially in young adolescent patient populations. These
results provide evidence that self-reported outcome scores
should be used as an additional screening tool in
conjunction with quadriceps strength testing to help
promote improved recovery and resumption of functional
activities in adolescent athletes after ACLR.
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