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Background: Significant variation exists in the published rates of return to sport after anterior cruciate ligament (ACL) recon-
struction (ACLR). Functional outcomes and psychological response to injury have been implicated as factors that influence return
to sport. Most studies focus on patients aged in the mid-20s, and less is known about this topic in adolescents.

Purpose: To report midterm ACLR results for adolescent patients with regard to return to primary sport, patient-reported out-
comes, and reinjury rate.

Study Design: Case-control study; Level of evidence, 3.

Methods: Adolescent athletes were contacted at a minimum of 2 years after ACLR. Patients completed 2 patient-reported out-
come measures, the ACL-Return to Sport After Injury (ACL-RSI) and the International Knee Documentation Committee (IKDC)
subjective form, and responded to questions regarding preinjury primary sport and level of competition, post-ACLR return to
primary sport status, and reinjury.

Results: A total of 74 patients (mean + SD surgical age, 15.9 £ 1.5 years; follow-up age, 19.9 £ 2.0 years; response rate, 24.5%)
completed the surveys at a mean of 4.0 £ 2.0 years after primary ACLR. Outcome scores averaged 90.3 + 12.3 for IKDC and 81.6 =
20.4 for ACL-RSI. Questionnaire responses indicated that 27.0% of patients did not return to or sustain primary sport participation
after ACLR,; the principal reasons were poor knee function, team/training change, and fear of another injury. Both IKDC and ACL-
RSI scores were statistically lower in patients who did not successfully return to their primary sport in contrast to patients who
successfully resumed their primary sport (IKDC, P = .026; ACL-RSI, P < .001). IKDC and ACL-RSI scores were moderately
positively correlated with one another (rspearman = 0.60). There were 18 patients (reinjury rate, 24.3%) who suffered another ACL
injury; 8 of these injuries included ipsilateral ACL graft tear (retear rate, 10.8%).

Conclusion: In our cohort, 73% of adolescent patients successfully returned to their primary preinjury sport at a minimum of 2
years after ACLR. Both knee function and psychological responses to injury were important in determining an adolescent athlete’s
return to sport. The findings support the use of the IKDC and ACL-RSI at midterm follow-up, with higher scores associated with a
greater likelihood of adolescent patients returning to sport after ACLR.
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The anterior cruciate ligament (ACL) plays a vital role in
providing translational and rotatory stability to the knee.??
More than 200,000 ACL injuries occur in the United States
annually,’” with the highest incidence seen in athletes aged
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15-25 years who participate in pivoting sports.® Most ath-
letes undergo ACL reconstruction (ACLR) in order to
regain knee function, with the goal of returning to sport
participation®? at the same or higher level of competition.

Despite surgical intervention, many patients do not
return to their primary sport. Return-to-sport rates vary
widely; studies have reported that 55% to 97% of patients
participate in their primary sport after ACLR.1817-19
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Patient characteristics, such as age at time of injury and
sex, have been identified as factors that can contribute to
the ability to return to sport. Additionally, functional and
psychological factors obtained from patient-reported out-
comes have been identified to influence return to sports.
These functional deficits include knee pain,'®!” effu-
sion,'®7 instability,'>'” and decreased strength.'” Psycho-
logical barriers to return to sports include fear of reinjury
and kinesiophobia.'®!® However, the mean age of patients
in each of these studies ranged from 22 to 28 years, and
limited evidence exists on return to sport in adolescent ath-
letes. One study?* focusing only on return to sport in ado-
lescents found that those who met clinical strength and
International Knee Documentation Committee (IKDC) cut-
off for return to sport were more likely to sustain their sport
participation for 1 year after returning to play from ACLR,
but the study did not include any comparison with adoles-
cents who failed to return to sport or the psychological fac-
tors contributing to return to sport.

Patient-reported outcomes are gold standard clinical
tools to evaluate knee function and psychological response
to sport participation. Several series with patient-reported
functional outcomes, as assessed by the IKDC question-
naire, indicated that 86% of patients (mean age in mid-
20s) reported to have normal or nearly normal knee func-
tion at 2 years after ACLR.%¢-%1518.28 Patient-reported psy-
chological outcomes, as evaluated via the ACL-Return to
Sport After Injury (ACL-RSI) Scale, have indicated that
patients (mean age, 27-30 years) with a more positive psy-
chological response to sport are more likely to have
returned to competitive sports at 6 and 12 months after
ACLR.1%162! Thege studies focus on patients who are, on
average, in their mid- to late-20s and provide insufficient
evidence for a younger, adolescent population.

Adolescents differ significantly from young adults for
numerous reasons. Adolescents have much more access to
organized sports through school and community leagues,
and thus the intensity and commitment to sports are dif-
ferent from most young adults who are not collegiate- or
professional-level athletes. Further, skeletally immature
or recently skeletally mature patients may have different
functional outcomes from ACLR, which may or may not be
because of underlying neuromuscular control issues.
Finally, the psychological response to injury and the ability
to cope with the associated challenges may be different in
adolescents versus adults. Together, these differences high-
light the necessity to study adolescents as a separate cohort
from young adults.
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The purpose of this study was to evaluate return to sport,
patient-reported outcomes, and reinjury rate for adolescent
athletes at a minimum of 2 years after ACLR. Results from
this study may allow orthopaedic surgeons to more accu-
rately counsel adolescent athletes on midterm functional
outcomes and return to same-level sport.

METHODS
Study Population

The study cohort included adolescent athletes treated at a
single outpatient pediatric sports medicine clinic by 2
fellowship-trained, board-certified orthopaedic surgeons.
After institutional review board approval, a chart review
was conducted on patients who underwent ACLR between
December 2006 and December 2016. Inclusion criteria
included patients who were 18 years of age or younger at
the time of ACLR and were more than 2 years out from
ACLR surgery. Patients were excluded from the study if
they were nonathletes, underwent revision ACLR, or were
non-English speaking. Patients undergoing multiligament-
ous knee reconstruction were also excluded. Patients who
met the inclusion criteria for this study were contacted via
telephone and asked to complete a series of surveys. After
providing informed consent, patients were given the option
to complete the surveys by telephone or email.

A chart review yielded 314 patients that met inclusion
criteria between December 2006 and December 2016. Of
these patients, 77 were successfully contacted and agreed
to participate in the study, indicating a response rate of
24.5% (Figure 1). Three patients were excluded because
they did not consider themselves athletes before their
ACLR. The final study population included 74 patients with
a mean t+ SD follow-up of 4.0 = 2.0 years (range, 2.0-12.1
years) after ACLR.

Study Measures

Patient-reported outcomes were evaluated using the IKDC
Subjective Knee Form and the ACL-RSI questionnaires.
In addition, participants were asked to complete a return-
to-sport questionnaire with their preinjury primary sport
and level of competition (middle school recreational, middle
school competitive, high school recreational, or high school
competitive), ability to return to their primary sport post-
ACLR (yes or no), ability to return to preinjury level of
competition after ACLR (same level, higher level, lower
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15 patients exluded
(prior ACLR)

299 patients called
(Study Population)

200 patients
unable to contact

99 patients contacted

22 patients declined participation

3 patients excluded (non-athletes)

74 patients included in final analysis
(Study Cohort)

Figure 1. Flowchart of patient cohort selection. ACLR, ante-
rior cruciate ligament reconstruction.

level), and any subsequent ACL injuries. Patient who did
not return to their primary sport after ACLR were asked
follow-up questions regarding the reason for not returning,
with the following possible responses: “poor knee function,”
“I do not trust my knee,” “fear of getting a new injury,”
“team or training has changed,” “moving on to college/
work,” and “other reasons.”

The IKDC Subjective Knee Form,'° intended to assess
the total overall knee function, includes information on
symptoms/pain, function, and sports/physical activity. A
higher score indicates a higher level of knee function and a
lower degree of symptoms. This form is considered valid for
all patients 10 years and older, whether the patients com-
plete the form alone or with the assistance of their parent or
guardian. The ACL-RSI questionnaire?® is a validated 12-
question scale to evaluate patients’ confidence in their knee
and fears associated with return to sport after ACLR. Scores
range from 0 to 100, with a higher score indicating an
increased psychological desire to return to sport.

Patients were grouped based on their return to primary
sport response: those who returned to and sustained partici-
pation in their primary sport after ACLR (group 1) and those
who did not return to their primary sport after ACLR (group
2). Patients who initially returned to sport for a limited period
of time but who had a subsequent injury that prevented sus-
tained sport participation were considered to have not suc-
cessfully returned to sport and were included in group 2.
Patients who returned to sports after ACLR but completed
their sport career before follow-up were considered to have
successfully returned to sport and were included in group 1.

Statistical Analysis

Descriptive statistics were generated for characteristic
data for both the initial study population (299 patients) and
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TABLE 1
Patient Characteristics®

Study Cohort Study Population

(N=174) (N =299) P

Age at surgery, y 159+1.5 159+1.5 .681
Sex .256

Male 28 (37.8) 135 (45.2)

Female 46 (62.2) 164 (54.8)
Time to follow-up, y 4.0+£2.0 4.7+24 .023
Age at follow-up, y 19.9+£2.0 20.3+2.4 222
Laterality .651

Right 33 (44.6) 149 (49.8)

Left 41 (55.4) 150 (50.2)
Body mass index, kg/m? 24.3+5.3 25.6 + 7.7 215

“Data are presented as mean * SD or n (%).

the final study cohort (74 patients). Characteristic data
were compared between the study population and the study
cohort as well as between groups 1 and 2 within the study
cohort. Age at surgery was normally distributed and was
compared using independent-samples ¢ tests (o = .05). Time
to follow-up, age at follow-up, and body mass index (BMI)
were not normally distributed and were compared using
Mann-Whitney U tests. Categorical characteristic data
were compared using a chi-square test or Fisher exact test.
Within the study cohort, neither ACL-RSI nor IKDC scores
were normally distributed in group 1; as such, Mann-
Whitney U tests were used to compare these scores
between the 2 groups. Power analysis was performed for
sample size estimation based on preliminary data
collected for this study, which compared ACL-RSI scores
at minimum 2-year follow-up between patients who
returned and those who did not return to sport. The
difference in group means was 25, with a mean SD of 21.
With o = .05 and power = 0.8, the projected sample size
needed was approximately N = 22 (11 patients in each
group).

Spearman rank correlation was performed to describe
the linear relationship between IKDC and ACL-RSI in the
study cohort. Logistic regression was performed on the fol-
lowing independent variables to determine any additional
influence on return to sport: BMI, sex, age at surgery, later-
ality, preinjury level of competition, primary sport, time
between injury and surgery, type of insurance, graft type,
presence or absence of meniscal tear, and type of meniscal
surgery performed. Calculations and statistical analysis
were performed using Microsoft Excel (Microsoft 2010) and
SAS software Version 9.4 (SAS Institute).

RESULTS

Characteristic data on the 299 patients in the study popu-
lation and the 74 patients ultimately included in the study
cohort (Figure 1) are reported in Table 1. Female athletes
represented 62.2% of the study cohort.

The study cohort included 54 patients in group 1 (73.0%)
and 20 patients in group 2 (27.0%). Within group 1, the
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TABLE 2
Reasons for Not Returning to Primary Sport
Reason No. of Patient Reports
Poor knee function 5
My team/training has changed 4
Fear of getting another injury 4
I do not trust my knee 3
Went to college/work 2
Suffered another injury (non—knee related) 1
TABLE 3
Characteristics of Study Groups®
Group 1 Group 2
(n = 54) (n = 20) P
Age,y 158+14 16.0+16 .660
Body mass index 23.8+4.2 256%7.3 .325
Sex .398
Male 22 (40.7) 6 (30.0)
Female 32 (59.3) 14 (70.0)
Laterality .966
Right 24 (44.4) 9 (45.0)
Left 30 (55.6) 11 (55.0)
Insurance 991
Medicaid 14 (25.9) 5(25.0)
Private 37 (68.5) 14 (70.0)
None 3(5.6) 1(5.0)
Graft type
Hamstring autograft 45 (83.3) 20 (100) .123
BTB autograft 8(14.8) 0 (0.0)
Hamstring allograft 1(1.9) 0(0.0)
Meniscal pathology .954

Meniscal tear 22 (40.7) 8(40.0) .772

Meniscectomy 11 (50.0) 4 (50.0)
Repair 9 (40.9) 3(37.5)
Both 1(4.5) 1(12.5)
Observed 1(4.5) 0(0.0)
None 32 (59.3) 12 (60.0)
Days between injury and surgery 51.2+33.3 91+84.9 .088
Primary sport
Soccer 16 (29.6) 6 (30.0)
Basketball 7(13.0) 2(10.0)
Football 7(13.0) 3(15.0)
Softball/baseball 7 (13.0) 2(10.0)
Lacrosse 7(13.0) 2 (10.0)
Gymnastics/cheerleading 4(7.4) 2(10.0)
Other® 6 (11.1) 3(15.0)
Competition level
Recreational middle school 1(1.9 0(0.0)
Competitive middle school 4(7.4) 1(5.0)
Recreational high school 6(11.1) 2(10.0)
Competitive high school 40 (74.1) 15 (75.0)
Recreational college 0(0.0) 1(5.0)
Competitive college 3(5.6) 1(5.0)

“Data are presented as mean + SD or n (%). Group 1 = returned
to sport; group 2 = did not return to sport. BTB, bone—patellar
tendon—bone.

5Qther sports include 2 patients participating in track and field
and 1 patient each in field hockey, hacky-sack, downhill skiing, ice
hockey, skateboarding, motocross, and volleyball.
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TABLE 4
Difference in PROs Between Patients Who Returned
Versus Those Who Did Not Return to Sport After ACLR”

Group 1 Group 2

(n = 54) (n = 20) P
ACL-RSI 81.6 +£20.4 52.7+26.7 <.001
IKDC 90.3 £12.3 81.9+14.8 .026

“Data are presented as mean + SD. Group 1 = returned to sport;
group 2 = did not return to sport. ACL-RSI, ACL-return to sport
after injury; ACLR, anterior cruciate ligament reconstruction;
IKDC, International Knee Documentation Committee; PRO,
patient-reported outcome.

majority of patients (90.7%) reported returning to the same
level (29 patients) or a higher level (20 patients) of compe-
tition. There were 4 patients who reported returning to a
lower level of competition and 1 patient who was unsure. In
group 2, there were 3 patients who indicated that they had
initially returned to their primary sport but underwent a
subsequent knee injury; among them, 2 had second ACL
tears, which led them to stop participation. Table 2 sum-
marizes patient-reported reasons for not returning to sport.
Table 3 summarizes the patient characteristics of each
group. No significant differences were found between
groups on any of the included characteristics.

There was a statistically significant difference in IKDC
and ACL-RSI scores between groups, with group 1 patients
reporting higher scores on both the IKDC and ACL-RSI
relative to patients in group 2 (Table 4). Spearman rank
correlation indicated a significant positive correlation
between IKDC score and ACL-RSI score (rgpearman = 0.60;
P < .001). Logistic regression identified that time between
injury and surgery had a significant association with the
ability to return to sports (P = .0442; 95% CI, 0.975-1.000;
odds ratio, 0.987). This signifies that a delay of surgery by 1
day reduces the odds of return to sport by 1.3%. No other
variables analyzed reached statistical significance.

A total of 18 patients (13 female, 5 male) reported a sec-
ond ACL tear, for an overall reinjury rate of 24.3% of the
study population. Of these, 5 patients tore their ipsilateral
ACL, 10 patients tore their contralateral ACL, and 3
patients tore both their ipsilateral and contralateral ACLs.
A total of 16 of these patients received hamstring autograft
and 2 had bone—patellar tendon—-bone (BTB) autograft.
Additionally, 7 of these patients had concurrent meniscal
pathology, of which 4 had meniscectomy, 2 were repaired,
and 1 was observed. Of the 18 patients who sustained a
subsequent ACL injury, 13 (72%) reported returning to
their primary sport and were thus included in group 1. Of
the 5 patients who did not return to sport, 3 patients never
returned to their primary sport and 2 patients returned to
sport after their first but not their second ACL injury.
These 5 patients were all included in group 2. No difference
was found regarding IKDC and ACL-RSI scores in patients
with a subsequent ACL injury (P = .160 and P = .150,
respectively) relative to adolescents without a subsequent
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injury, but there was not sufficient power to exclude failure
of finding this effect given the low number of reinjuries in
the study cohort.

DISCUSSION

Overall, this study established a midterm return to sus-
tained sport participation rate of 73% and a reinjury rate
of 24.3% for adolescent athletes at a minimum of 2 years
after ACLR. These findings provide focused results on the
high-risk adolescent population to help orthopaedic
surgeons more accurately counsel these athletes on their
expected outcomes after ACLR. Further, this study
suggests that those who do return to sport have higher
ACL-RSI and IKDC scores, indicating that an
adolescent’s return to sport participation is associated
with both knee function and knee confidence.

Previously reported return-to-sport rates have varied
widely among studies, in large part because of variation
in the characteristics and the definition of return to sport
across the literature.»®'"1? In this study, we found the rate
of sustained return to primary sport participation to be 73%
for adolescent patients, suggesting that the majority of
young patients are able to achieve their presurgery goal
to return to sport. These findings are comparable with the
56%-97% return rates for highly competitive young ath-
letes'*121927 and are higher than the 55%-65% reported
by recreational adult athletes (mean age, 22-28 years).317
Of the 27% unable to maintain sport participation after
ACLR, 3 patients (4.1% of the study cohort) were able to
return to their primary sport initially but did not sustain
sport participation secondary to a subsequent knee injury.
Despite this, the overall sustained return-to-sport rate
among patients with a subsequent ACL injury was 72%,
which is comparable with the overall rate of 73% for the
whole cohort.

Of the 20 patients in our study who were unable to
return and maintain their primary sport through the end
of their sport career, 30% reported changes in their life
circumstances (changes in training or starting work/col-
lege), 25% reported psychological reasons (fear of reinjury
or lack of trust in knee), and 25% reported poor knee func-
tion. A recent systematic review' on pediatric and adoles-
cent athletes’ return to sport after ACLR also identified
the life transition period from adolescence to young adult-
hood as a possible bias in return rates. In our cohort, this
held true for 30% of patients who did not return back to
their primary sport. These patients experienced a change
in priorities, became ineligible to play on their team owing
to time away during postsurgical rehabilitation, or were
unable to continue their sports at the collegiate level after
high school. This aligns with the trend of decreased sport
participation with age, as it has been reported that 45% of
sport participants will stop athletics during childhood or
adolescence.® The second major barrier to return to sports
was psychological reasons, present among 25% of our
cohort. Recent studies®!®152" have increasingly identified
that some of these psychological reasons include fear of
reinjury and the psychological stress of undergoing
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rehabilitation.* The third major reason for failing to
return to sports was poor knee function, accounting for
25% of the patients. Of the 5 patients citing poor knee
function, 3 had concurrent meniscal pathology, 2 of which
had meniscectomy and 1 had a repair. This aligns with
multiple studies'®5172! that have shown lower knee
function among groups that fail to return to sport.

The IKDC scores reported in this study are in agreement
with those previously reported in the literature. A study
inclusive only of adolescents who returned to sport partic-
ipation reported a mean IKDC score of 87.5 at the time of
return to sport.2* Another study!” reported mean IKDC
scores of 93.8 for adult patients (mean age, 22.4 years) who
returned to sport and 78.0 for those who did not return to
sport at 2-year follow-up. These results suggest that ado-
lescent athletes have self-reported functional knee out-
comes similar to adults after ACLR.

ACL-RSI scores presented in this adolescent cohort are
in line with prior literature focused on young adults. A
previous study* reporting ACL-RSI scores between those
who returned and those who did not return to sport (mean
patient age, 27.5 years) did not find a significant differ-
ence at 3 months postoperatively but did find significant a
difference at 1-year follow-up (71.05 = 16.25 vs 58.61 +
18.34; P = .001). We found a similar difference in ACL-
RSI scores at 2-year follow-up (81.6 for group 1 and 52.7
for group 2; P < .001) in adolescent athletes, and this sug-
gests that the likelihood of adolescent patients returning
to sport after ACLR is strongly associated with their trust
in their knee. Further, the Spearman rank correlation
showed a moderately strong positive correlation between
ACL-RSI and IKDC. Those who scored highly on the IKDC
were likely to score highly on the ACL-RSI, and vice versa.
This suggests that knee function and psychological readi-
ness to return to sport after ACLR were related in this
adolescent cohort.

ACL reinjury is a feared consequence of ACLR. Previ-
ously reported rates of secondary ACL injury to either the
ipsilateral or the contralateral knee in adolescent athletes
(mean age, 16-17 years) have ranged from 20% to 35%,
with a greater incidence of contralateral ACL injury.2%2°
Factors implicated with an increased rate of reinjury
include age <19 years, female sex, and greater self-
reported confidence.?° Furthermore, adolescents younger
than 18 years are more likely to have a secondary ACL
injury relative to 18- and 19-year-olds.?® The reinjury rate
of 24.3% observed in this study population aligns with the
rates reported by previous studies2®?® on adolescent ath-
letes. Most of these patients (16 patients; 89%) had a ham-
string autograft, while the remainder (2 patients) had a
BTB autograft. Despite experiencing a subsequent ACL
injury, there was no difference found on ACL-RSI or IKDC
scores in the reinjury cohort relative to those without a
reinjury.

One limitation of this study is the response rate of 24.5%,
as some selection bias may exist between patients who
chose to participate in the study and those who did not.
However, given that there were no significant between-
group differences in patient characteristics, with the excep-
tion of follow-up time, we think this bias did not affect our
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results. Another limitation of this study is that the retro-
spective study design increased the chance of recall bias
and limited our analysis. Last, we were only able to find
that time between injury and surgery had a significant
association with the ability to return to sport on regression
analysis. It is possible that this analysis was underpowered
to show other significant associations.

This study suggests that both knee function and psycho-
logical response to injury are important in determining an
adolescent athlete’s return to previous sport participation.
These 2 factors were related to one another such that those
who scored higher on the IKDC were likely to score higher on
the ACL-RSI and vice versa. These findings highlight the
importance of both the functional and psychological recov-
ery after ACLR in adolescent athletes’ return to sport.
This is consistent with the current literature. 12131721
Applying this to clinical practice can increase the support
not only for strong physical therapy interventions after
ACLR but also for psychological support to help patients
increase their confidence in their knee. Further studies
are necessary to see if interventions focused on increasing
psychological confidence in knee function can improve
return-to-sport rates among adolescent athletes. Addi-
tional studies are also necessary to evaluate the influence
of ACL reinjury on return-to-sport participation.
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