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Background: Successful return to sport after anterior cruciate ligament (ACL) reconstruction (ACLR) can be affected by a patient’s
physical and psychological state throughout the rehabilitation process.

Purpose: To prospectively compare differences in patients at 6 months after primary ACLR with the ACL–Return to Sport after
Injury (ACL-RSI), International Knee Documentation Committee (IKDC) or pediatric (Pedi)-IKDC, Hospital for Special Surgery
Pediatric Functional Activity Brief Scale (Pedi-FABS), and Patient-Reported Outcomes Measurement Information System–Psy-
chological Stress Experiences (PROMIS-PSE) scores.

Study Design: Prospective cohort study; Level of evidence, 2.

Methods: Patients enrolled were 8 to 35 years old who underwent primary ACLR and had their 6-month follow-up appointments
between December 2018 and March 2020. Patients were divided into 3 age groups as follows: (1) preadolescents (10-14 years); (2)
adolescents (15-18 years); and (3) adults (>18 years). Outcomes on the ACL-RSI, IKDC/Pedi-IKDC, Pedi-FABS, and PROMIS-PSE
were compared according to age group, graft type (hamstring, patellar tendon, quadriceps, or iliotibial band autograft), and sex.

Results: A total of 176 patients (69 male, 107 female), with a mean age of 17.1 ± 3.1 years were included in the study. The mean
ACL-RSI scores were significantly different among age groups (preadolescents, 75 ± 18.9; adolescents, 61.5 ± 20.4; and adults,
52.5 ± 19.8 [P < .001]) and graft types (P ¼ .024). The IKDC and PROMIS-PSE scores were also significantly different among age
groups (P < .001 and P ¼ .044, respectively) and graft types (P ¼ .034 and P < .001, respectively), with the iliotibial graft and the
younger age group performing the best. There was no significant difference in the Pedi-FABS either by age group (P¼ .127) or graft
type (P ¼ .198). Female patients had lower ACL-RSI scores and higher (worse) scores on PROMIS-PSE than their male coun-
terparts (P ¼ .019 and P < .001, respectively), with no sex-based differences on IKDC or Pedi-FABS scores. The ACL-RSI and
IKDC were positively correlated (Spearman r ¼ 0.57; P < .001), while the ACL-RSI and PROMIS-PSE were negatively correlated
(Pearson r ¼ –0.34; P < .001).

Conclusion: This study suggests that psychological profiles and subjective perceptions of knee function 6 months after ACLR may
vary in patients of different ages and between the sexes. Preadolescent patients had better scores on a majority of patient-reported
outcomes compared with adolescent and adult patients.
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Anterior cruciate ligament (ACL) tear is one of the most
common orthopaedic sports injuries and the number of ACL
reconstructions (ACLRs) has increased significantly over
the past 15 years.33,44 While the overall incidence of ACLRs

has increased by 43% across all age groups, it has increased
by 74% in patients aged <25 years.44 One study found that
the number of ACLRs performed on patients aged <15
years had increased10,11,38 by 924% between 1994 and 2006.

Reinjury continues to be a major concern after ACLR.
Younger patients have a reinjury risk between 18% to 23%,
while adult populations have a lower risk of reinjury.5,41,43
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has varied in the literature from 44% to 80%.3,5,7,21,23,24 The
rate is highest in younger patients,7 with 80% returning to
prior activity level. However, this comes with a higher rate of
reinjury at around 20%. Patients seem to be most at risk of
ACL reinjury during the first 1 to 2 years after ACLR with
the risk of injury within the first year reported15 to be as high
as 50%. Fear of reinjury has been identified as a major factor
in decision making for return to sports (RTS) after ACLR.24

RTS is commonly used as a measure of the success of ACLR
and is often essential to patients and their families. A variety
of factors have been identified to guide RTS decision, includ-
ing time from surgery, strength testing, functional testing,
patient-reported outcome (PRO) scores, and psychological fac-
tors.16 As the understanding of psychological readiness after
ACLR has improved, previous studies have identified that
younger age positively affects psychological readiness.42 How-
ever, it is unknown how other factors such as sex or graft type
affect psychological readiness. Even though there are differ-
ent graft types used for different age groups, it is of interest to
observe how the PRO scores vary across the graft types and
age groups separately.

The purpose of this study was to assess the level of psycho-
logical readiness and psychological stress in young athletes
and compare it with other commonly utilized PROs. We
hypothesized that there would be an inverse relationship
between psychological stress and psychological readiness and
that PRO scores would not differ significantly with age, sex, or
graft types at 6 months after ACLR.

METHODS

In this prospective cohort study, we identified patients
between the ages of 8 and 35 years who underwent primary
ACLR between December 2018 and March 2020. Patients
were included if they had a primary ACLR and completed
PRO measures between 5 to 8 months postoperatively at
their clinical visit closest to 6 months postoperatively.
ACLR was performed by 1 of 6 orthopaedic surgeons
(M.D.M., D.E.K., M.S.K., L.J.M., Y.M.Y, M.A.C.) at a single
tertiary-referral pediatric hospital/sports medicine center.
Patients who had meniscal repair, partial meniscectomy,
lateral extra-articular tenodesis, or anterolateral ligament
reconstruction were included. Exclusion criteria included a
history of prior ipsilateral knee surgery, revision ACLR,

incomplete PROs, and multiligamentous knee surgery. The
graft type selected was based on the preferences of the
orthopaedic surgeon and the patient/family considering
the patient’s skeletal age and physeal status. Patients
received either a hamstring, bone–patellar tendon–bone
(BTB), quadriceps, or iliotibial band (ITB) autograft. Demo-
graphic and clinical data collected included sex, age, pri-
mary sport, time to RTS, and presence of concomitant
meniscal pathology.

Patients were divided into 1 of 3 following groups based
on their chronological age at the time of their surgery:
(1) preadolescents (10-14 years); (2) adolescents (15-
18 years); or (3) adults (19-30 years). Although the adult
group spanned a large range of ages, it had a mean age of
21.4 years and only 6 patients were aged >23 years; thus,
for analysis purposes, it was not further stratified. Postop-
erative rehabilitation protocols were similar across all
orthopaedic surgeons. Patients who received only an ACLR
were allowed weightbearing as tolerated immediately after
surgery and patients who had both ACLR and a meniscal
repair were instructed to have limited weightbearing for
the first 6 weeks. All patients were to gradually increase
their strength and range of motion over 6 to 12 weeks. The
patients were to begin light running and plyometrics if
capable approximately 4 months after surgery. RTS testing
was done at 6 months after surgery, with the goal in most
cases being to have the patient RTS around 9 months after
surgery. The results of testing at 6 months allowed for the
rehabilitation protocol to be altered for the final stages of
rehabilitation if necessary.

Patients completed an electronic or paper version of a
questionnaire at their 6-month follow-up appointment. The
electronic questionnaire was constructed and administered
via a REDCap version 12.0.28 database and was a compi-
lation of 4 PRO measures. The Anterior Cruciate Liga-
ment–Return to Sport after Injury (ACL-RSI) is a
measure of psychological readiness to RTS after ACLR,
which combines scores across 3 categories of emotion, con-
fidence, and risk appraisal to yield a total score, with a
higher score indicating a greater, more positive psycholog-
ical readiness to RTS.40 The International Knee Documen-
tation Committee (IKDC) (for patients aged >18 years),
and pediatric (Pedi)–IKDC (for patients aged 10-18 years)
subjective forms were used to assess knee symptoms and
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function in activities of daily living.14,17 Previous studies
have not found any clinically significant difference between
pediatric and adult IKDC scores.29,35 Given this, pediatric
and adult IKDC scores were directly compared and not con-
verted in our study. The Hospital for Special Surgery Pedi-
atric Functional Activity Brief Scale (Pedi-FABS)
quantifies the activity level of athletes.12 The Patient-
Reported Outcomes Measurement Information System
Psychological Stress Experiences (PROMIS-PSE) is a vali-
dated tool that assesses a patient’s cognitive perception of
disruption, controllability, manageability, anger, and fear,
with higher T scores indicating higher levels of stress.6

Statistical Analysis

Continuous variables were summarized using means ± SDs
and ranges as needed. Categorical variables were summa-
rized using numbers and percentages. Comparisons
between groups were performed with the Fisher exact test
for categorical variables and with the independent t test,
analysis of variance F test, Wilcoxon rank-sum test, and
Kruskal-Wallis test for continuous variables as appropri-
ate. Pearson/Spearman correlation analyses were per-
formed to evaluate the association between outcome
measures. Post hoc pairwise comparison testing among the
age and graft type groups was performed with Tukey-
Kramer adjustments. All tests were 2-sided, and P < .05
was considered statistically significant. SAS Version 9.4
(SAS Institute) software was used.

RESULTS

A total of 176 patients were included in the final patient
cohort (Figure 1). The mean age was 17.1 ± 3.1 years (range,
10-30 years). The study included 69 (39.2%) male and
107 (60.8%) female patients. The patients were divided into
the following age groups: 29 (16.5%) preadolescents;
105 (59.7%) adolescents, and 42 (23.9%) adults. Graft type

distribution was 128 (72.7%) hamstring autografts,
31 (17.6%) BTB autografts, 13 (7.4%) ITB autografts, and
4 (2.3%) quadriceps autografts. Patients who received a
hamstring autograft had a mean age of 17.3 years (range,
13-30 years), and those who received a BTB autograft had a
mean age of 18.4 years (range, 15-27 years). Patients who
received an ITB autograft had a mean age of 12.5 years
(range, 10-14 years), and patients who received a quadri-
ceps autograft had a mean age of 15.5 years (range, 14-
17 years). No meniscal pathology was present in 84 patients
(47.7%), while 33 patients (18.8%) underwent a partial
meniscectomy and 59 patients (33.5%) underwent a menis-
cal repair. A total of 165 participants were most commonly
injured while playing sports (93.8%). The participants’ pri-
mary sports were soccer (n¼ 50 [28.4%]), basketball (n¼ 32
[18.2%]), or lacrosse (n ¼ 19 [10.8%]) (Table 1).

Patient-Reported Outcomes

There was a significant difference in ACL-RSI scores
both across age groups (P < .001) and among graft types (P
¼ .024) (Tables 2 and 3). Younger patients reported signifi-
cantly higher ACL-RSI scores than both adolescent and adult
patients (preadolescents, 75 ± 18.9; adolescents, 61.5 ± 20.4;
and adults, 52.5 ± 19.8; pairwise P¼ .004 and P< .001, respec-
tively). The mean IKDC scores were significantly higher for
both preadolescent and adolescent patients compared with
adults (preadolescents, 82; adolescents, 78.1; and adults,
61.5; both pairwise P < .001). There were significant differ-
ences between IKDC scores among graft types (ITB, 81.8; ham-
string, 75.1; BTB, 69.6; and quadriceps, 81.5) (P ¼ .034).
PROMIS-PSE scores were also significantly different among
age groups (preadolescents, 50 ± 9.3; adolescents, 53.8 ± 8.1;
and adults, 54.7 ± 7.4) (Table 2), with adult patients demon-
strating more perceived stress than preadolescents (pairwise P
¼ .048). Overall, 3 of the 4 outcome measures (ACL-RSI, IKDC,
and PROMIS-PSE) demonstrated significant differences
between age groups and graft types, with the younger age
group and ITB autograft cohorts demonstrating better scores.
There was no significant difference in reported pediatric activ-
ity levels based on Pedi-FABS scores between age groups (P ¼
.127) or graft types (P ¼ .198). The mean overall PRO scores
were as follows: ACL-RSI, 61.5 ± 21.2 (range, 5.8-99.2); IKDC,
74.8 ± 14 (range, 42.5-100); Pedi-FABS, 22.7 ± 7.7 (range, 0-30);
and PROMIS-PSE, 53.4 ± 8.2 (range, 34.2-78.5).

When examining the effects of sex, female patients scored
statistically lower on the ACL-RSI than their male counter-
parts (58.5 ± 19.2 vs 66.2 ± 23.3; P ¼ .019) (Table 4). Female
patients were also found to score higher (worse) on the
PROMIS-PSE than male patients (55.1 ± 8.2 vs 50.8 ± 7.7;
P < .001). There were no significant sex differences noted
between the IKDC (P¼ .406) or Pedi-FABS (P¼ .916) scores.

The ACL-RSI and IKDC had a moderately positive
Spearman correlation of 0.57 (P < .001). The ACL-RSI
and PROMIS-PSE had a weak negative Pearson correla-
tion of –0.34 (P < .001). There was no significant differ-
ence (P ¼ .496) in the mean timing of RTS clearance
across the age groups: preadolescents, 8.8 ± 2.1 months;
adolescents, 8.3 ± 2 months; and adults, 8.1 ± 2 months.

Figure 1. Flowchart of patient inclusion. ACL, anterior cruci-
ate ligament; PRO, patient-reported outcome.
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TABLE 2
PRO Scores by Age Groupa

Outcome Measures
Preadolescent Group

(n ¼ 29)
Adolescent Group

(n ¼ 105)
Adult Group

(n ¼ 42) Pb

ACL-RSI 75 ± 18.9 61.5 ± 20.4 52.5 ± 19.8 < .001
IKDC 82 ± 13.2 78.1 ± 12.6 61.5 ± 8.2 < .001
Pedi-FABS 23.4 ± 6.6 23.4 ± 7.6 20.5 ± 8.4 .127
PROMIS-PSE 50 ± 9.3 53.8 ± 8.1 54.7 ± 7.4 .044

aValues are expressed as mean ± SD. Bold P values indicate a statistically significant difference between groups (P< .05). ACL-RSI, Anterior
Cruciate Ligament–Return to Sports after Injury; IKDC, International Knee Documentation Committee; Pedi-FABS, Pediatric Functional
Activity Scale; PRO, patient-reported outcome; PROMIS-PSE, Patient-Reported Outcomes Measurement Information System–Psychological
Stress Experience.

bBased on the analysis of variance F tests except for the Pedi-FABS, which was based on the Kruskal-Wallis test.

TABLE 3
PRO Scores by Graft Typea

Outcome Measures
ITB

(n ¼ 13)
Hamstring
(n ¼ 128)

BTB
(n ¼ 31)

Quadriceps
(n ¼ 4) Pb

ACL-RSI 78.2 ± 15.4 60.4 ± 20.8 58.7 ± 22.8 67.1 ± 16.5 .024
IKDC 81.8 ± 13.1 75.1 ± 13.5 69.6 ± 14.8 81.5 ± 13.9 .034
Pedi-FABS 21.4 ± 6.4 22.6 ± 7.8 23.4 ± 8.3 26.8 ± 3.2 .198
PROMIS-PSE 44.9 ± 7.9 53.5 ± 7.9 55.6 ± 7.5 61.5 ± 9.7 < .001

aValues are expressed as mean ± SD. Bold P values indicate a statistically significant difference between groups (P< .05). ACL-RSI, Anterior
Cruciate Ligament–Return to Sports after Injury; BTB, bone–patellar tendon–bone; IKDC, International Knee Documentation Committee;
ITB, iliotibial band; Pedi-FABS, Pediatric Functional Activity Scale; PRO, patient-reported outcome; PROMIS-PSE, Patient-Reported Outcomes
Measurement Information System–Psychological Stress Experience.

bBased on t tests except for Pedi-FABS, which was based on the Wilcoxon rank-sum test.

TABLE 1
Patient Characteristics (N ¼ 176)a

Variable Value Variable Value

Sex Sports
Female 107 (60.8) Soccer 50 (28.4)
Male 69 (39.2) Basketball 32 (18.2)

Age at consent, y 17.1 ± 3.1 (10-30) Lacrosse 19 (10.8)
Age group, y Football 13 (7.4)

Preadolescent 29 (16.5) Baseball/softball 7 (4)
Adolescent 105 (59.7) Cheerleading 4 (2.3)
Adult 42 (23.9) Dance 3 (1.7)

BMIb 24.1 ± 4.6 (16.3-52.7) Gymnastics 3 (1.7)
Graft type Hockey 6 (3.4)

ITB 13 (7.4) Field hockey 5 (2.8)
Hamstring 128 (72.7) Running 4 (2.3)
BTB 31 (17.6) Track 5 (2.8)
Quadriceps 4 (2.3) Skiing 7 (4)

Meniscal pathology Marital arts 3 (1.7)
None 84 (47.7) Other 15 (8.5)
Partial meniscectomy 33 (18.8)
Meniscal repair 59 (33.5)

aValues are expressed as n (%) or mean ± SD (range). BMI, body mass index; BTB, bone–patellar tendon–bone; ITB, iliotibial band.
bn ¼ 166.
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DISCUSSION

We hypothesized that there would be an inverse relation-
ship between psychological stress and psychological readi-
ness and that PRO scores would not differ significantly
among different ages, sex, or graft types among this young
population at 6 months after ACLR. The results of this
study demonstrate differences in psychological metrics on
PRO measures that vary by patient age, sex, and graft
type. This is important, as improved performance on the
ACL-RSI and IKDC has been shown to correlate with post-
operative RTS and clinical outcomes.4 We found that pre-
adolescents, male patients, and those who received an ITB
autograft demonstrated higher ACL-RSI scores, potentially
indicating higher psychological readiness to RTS in youn-
ger patients. These same groups also demonstrated signif-
icantly lower scores on the PROMIS-PSE, in which a higher
score correlates with higher levels of stress and a higher
perception of disruption. This is in line with our finding of a
negative Pearson correlation between the ACL-RSI and
PROMIS-PSE, indicating that a patient with a higher
ACL-RSI score or higher feelings of being psychologically
ready to RTS also has a lower PROMIS-PSE score or lower
baseline levels of stress.

The PROMIS-PSE describes the child’s cognitive-
perceptual disruption as it relates to an event and is not
specific to an ACL injury but rather to a specific health attri-
bute or stressor.6 Although the PROMIS-PSE is a validated
and efficient outcome instrument for patients with ACL
tears and has a high correlation with currently utilized knee
PROs with no floor or ceiling effects for patients who under-
went ACLR, the PROMIS-PSE has not previously been
examined in this manner.13 Our study is the first to look
at PROMIS-PSE as it related to outcomes following ACL
reconstruction. Patients’ PROMIS-PSE scores could be use-
ful in determining their psychological recovery after ACLR,
as mild and moderate stress exposures can enhance produc-
tivity and motivation, while high-intensity stress can lead to
anxiety, depression, hopelessness, and negative self-evalua-
tion.20 Further studies are needed to examine the utility of
preoperative understanding of patients’ psychological stress

as it relates to their postoperative recovery and readiness to
RTS and activities.

In the present study, we demonstrated that female
patients scored lower on the ACL-RSI than male patients
and had higher PROMIS-PSE scores, indicating they had
lower levels of perceived psychological readiness and
higher levels of stress. Tan et al37 found that female
patients had worse subjective and functional outcomes with
lower rates of RTS after ACLR and suggested that this
difference may be influenced by psychological factors. In
their univariate analysis, Webster et al42 have shown that
female patients also had lower psychological readiness as
measured by the ACL-RSI and that they were less likely to
RTS. Kostyun et al18 echoed these findings and showed that
female patients had lower ACL-RSI scores at the RTS clear-
ance, as well as at 3 and 6 months postoperatively. Chris-
tino et al9 suggested that kinesiophobia could lead to
increased psychological distress that can affect outcomes
and suggested that female patients may be a particularly
vulnerable population. Similarly, Sims and Mulcahey34

found that female patients exhibit greater anxiety concern-
ing an injury’s impact on their lives and a loss of physical
self-worth while men report a greater overall loss of self-
worth with injury. The authors suggested that preoperative
identification of sex-specific psychological factors could con-
tribute to an improved RTS and quality of life. It is also
possible that male and female patients may respond differ-
ently to the psychological readiness outcome questions and
perhaps may differ in their willingness to honestly report
fear, anxiety, and concerns associated with RTS. Sex-based
differences in outcome reporting have previously been
documented in adolescent sports concussion data, with
female patients reporting more symptoms and at a higher
frequency than male patients.1 Of note, other authors have
shown no significant differences in psychological readiness
by sex; thus, it is unclear whether the sex differences
observed in this study are truly generalizable.2,19,22

The effect of age on outcomes after ACLR has become
particularly concerning, as it has been shown that patients
who are <20 years old can be 3 to 6 times more likely to
sustain a second ACL injury.41 Given this high rate of rein-
jury among younger patients, many studies have sought to
identify risk factors predisposing patients to reinjury.
Recent evidence has identified some biomechanical and
neuromuscular factors—including hip internal rotation
moment, knee valgus, and asymmetric sagittal plane
mechanics—during a drop vertical jump, which can predict
a second ACL injury if present at the time of RTS in young
athletes aged 10 to 25 years.31 As successful RTS after
ACLR can be both physically and psychologically challeng-
ing, more attention has been placed on better understand-
ing the role of a patient’s psychological readiness to RTS in
the rehabilitation phase. The literature is currently split as
to whether increased fear of reinjury may be a risk factor or
a protective factor for secondary injury after ACLR.30,32

One study30 found that patients who demonstrated higher
scores of self-reported fear had an increased risk of sustain-
ing a second injury within 2 years after RTS. However, in a
matched cohort study, Piussi et al32 showed that higher
psychological readiness and knee-related self-efficacy

TABLE 4
PRO Scores by Sexa

Outcome Measures
Female Patients

(n ¼ 107)
Male Patients

(n ¼ 69) P

ACL-RSI 58.5 ± 19.2 66.2 ± 23.3 .019
IKDC 74.1 ± 13.4 75.9 ± 14.9 .406
Pedi-FABS 22.5 ± 7.9 23 ± 7.4 .916
PROMIS-PSE 55.1 ± 8.2 50.8 ± 7.7 < .001

aValues are expressed as mean ± SD. Bold P values indicate a
statistically significant difference between female and male
patients (P < .05). ACL-RSI, Anterior Cruciate Ligament–Return
to Sports after Injury; IKDC, International Knee Documentation
Committee; Pedi-FABS, Pediatric Functional Activity Scale;
PRO, patient-reported outcome; PROMIS-PSE, Patient-Reported
Outcomes Measurement Information System–Psychological Stress
Experience.
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were associated with the patients suffering a repeat ACL
injury.

Further understanding of a patient’s psychological
response is important, as this is considered potentially
modifiable. For patients of any age undergoing ACLR,
those who demonstrate unfavorable psychological charac-
teristics (eg, low self-efficacy, anxiety, fear of reinjury, cat-
astrophizing coping response, and pessimism) may be more
at risk for poorer outcomes and delayed RTS than those
with more favorable psychological characteristics.9 Youn-
ger adolescent athletes have been shown to experience post-
traumatic stress disorder and psychological distress after
an injury, as well as increased levels of preoperative mood
disturbances compared with adults.28,39 Ardern et al4 found
that patients’ preoperative and 4-month postoperative
ACL-RSI scores were associated with their chances of
returning to their prior level of sport at 12 months postop-
eratively. They also found no interaction effects from the
level of sport participation and psychological responses.
This is in contrast to the study by Morrey et al27 who found
that competitive adolescent athletes were more likely to
demonstrate greater mood disturbance compared with rec-
reational athletes at the time of their RTS clearance. There-
fore, one could conclude that early identification of younger
patients who demonstrate either low ACL-RSI scores or
those who demonstrate higher levels of baseline stress—
as determined by an increased score on the PROMIS-PSE
in our study—may benefit from potential intervention to
improve their psychological characteristics earlier in the
postoperative rehabilitation process.

The results of this study demonstrated that younger
patients performed better across several PRO measures.
The results of this study also demonstrated a correlation
between the ACL-RSI, IKDC, and PROMIS-PSE in 10- to
14-year-old patients. This patient population is steadily
increasing, as 1 study44 found that between 2000 and
2015, the annual increased incidence of ACLR for patients
aged 5 to 14 years was 7.7% for boys and 8.8% for girls.
Early sports specialization, higher levels of competition,
more intense training, and longer sporting seasons have
been suggested to explain the rise in ACL tears in these
younger athletes.11 Many injury prevention programs have
been designed to address potential neuromuscular risk fac-
tors, particularly in female athletes, as female athletes are
9 times more likely than male athletes to sustain an ACL
tear.36,37 Chicorelli et al8 found that patients aged �14
years were able to return to the same preinjury skill level
at a rate of 96%. A previous study has identified patients
aged <20 years are at increased risk of sustaining a second
ACL injury if they have lower psychological readiness at 12
months.25 One study26 found that patients in this age group
who had a second injury had a smaller change between
their preoperative and 12-month ACL-RSI scores than
their non-reinjured counterparts. Our study suggests that
injured preadolescent patients may demonstrate different
psychological responses to ACLR compared with adolescent
and adult patients. Further studies are necessary to ascer-
tain whether age and psychological differences signifi-
cantly influence the outcomes and risk of reinjury in
preadolescent patients.

Limitations

There were several limitations despite the prospective
nature of the study. The graft type was not randomized and
rather was based on preferences of the orthopaedic surgeon
and patient/family, with patients who were skeletally
immature receiving ITB autografts, as transphyseal tech-
niques were not an option. Therefore, it was difficult to
ascertain whether the differences in PROs were truly due
to graft type or if age was a confounding variable. Even with
this study’s small sample size for some graft types and age
groups, differences were large enough to reflect true differ-
ences, and they were statistically significant in some cases.
Power is important if statistically significant differences
are not found. In that case, the lack of a statistically signif-
icant difference may be due to small sample sizes, resulting
in low power (<80%). However, further studies that include
larger sample sizes and potentially collect information on
bone age could provide additional information. Second, we
did not have baseline preoperative scores, which may have
been beneficial for comparison to further put our results in
context. Also, as the questionnaire involved patients com-
pleting multiple PRO instruments consecutively, one must
consider the possibility of test fatigue. Last, while our psy-
chological readiness and PRO testing was generally done
after the patients had completed their strength and func-
tional testing, we did not directly control the timing of the
administration of the questionnaires. The timing of this
testing in the literature is not well reported and it is possi-
ble that the timing of the functional testing and the
patients’ perception of their functional status based on that
testing might change their responses to the subjective out-
come measures. Similarly, since these outcomes were col-
lected 6 months after ACLR and prior to their RTS, it is
possible that the patients’ perception of their ability to RTS
would change as they approached their later RTS clear-
ance. Finally, our prospective cohort ended enrollment in
March 2020 because of the global coronavirus disease–2019
pandemic, as this was likely to be a significant confounding
factor. Further studies evaluating the timing of psycholog-
ical readiness testing as it relates to physical or functional
testing is warranted.

Future studies are warranted to better understand
whether increased psychological readiness is protective
or, conversely, a risk factor for reinjury in the younger
patient. A prospective study9 that identifies at-risk patients
of different ages early in the rehabilitation process to deter-
mine the need for a potential intervention is needed. Poten-
tial interventions could include an evaluation by a mental
health professional or a sports psychologist, guided-
imagery therapy, and positive self-talk, which have all been
shown to decrease stress levels, which could ultimately lead
to decreasing the rate of reinjury.

CONCLUSION

The study findings suggest that psychological profiles and
subjective perceptions of stress and knee function 6 months
after ACLR may vary across patients of different ages and
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between sexes. Preadolescent patients had higher perfor-
mance scores on the ACL-RSI, IKDC, and PROMIS-PSE
compared with their adolescent and adult counterparts.
Age- and sex-related differences in PROs should be consid-
ered when counseling patients throughout both the physi-
cal and the emotional rehabilitation process after an ACLR.
Future studies are necessary to better understand the
effect of age, sex, graft type, sports participation, and func-
tional performance on psychological recovery and rehabili-
tation after an ACLR.

REFERENCES

1. Alsalaheen B, Almeida A, Eckner J, et al. Do male and female adoles-

cents report symptoms differently after concussion? Brain Inj. 2021;

35(6):698-704.

2. Ardern CL, Taylor NF, Feller JA, Webster KE. Fifty-five per cent return

to competitive sport following anterior cruciate ligament reconstruc-

tion surgery: an updated systematic review and meta-analysis includ-

ing aspects of physical functioning and contextual factors. Br J Sports

Med. 2014;48(21):1543-1552.

3. Ardern CL, Taylor NF, Feller JA, Webster KE. Return-to-sport out-

comes at 2 to 7 years after anterior cruciate ligament reconstruction

surgery. Am J Sports Med. 2012;40(1):41-48.

4. Ardern CL, Taylor NF, Feller JA, Whitehead TS, Webster KE. Psycho-

logical responses matter in returning to preinjury level of sport after

anterior cruciate ligament reconstruction surgery. Am J Sports Med.

2013;41(7):1549-1558.

5. Barber-Westin S, Noyes FR. One in 5 athletes sustain reinjury upon

return to high-risk sports after ACL reconstruction: a systematic

review in 1239 athletes younger than 20 years. Sports Health. 2020;

12(6):587-597.

6. Bevans KB, Gardner W, Pajer KA, et al. Psychometric evaluation of

the PROMIS pediatric psychological and physical stress experiences

measures. J Pediatr Psychol. 2018;43(6):678-692.

7. Carey JL, Huffman GR, Parekh SG, Sennett BJ. Outcomes of anterior

cruciate ligament injuries to running backs and wide receivers in the

National Football League. Am J Sports Med. 2006;34(12):1911-1917.

8. Chicorelli AM, Micheli LJ, Kelly M, Zurakowski D, MacDougall R.

Return to sport after anterior cruciate ligament reconstruction in the

skeletally immature athlete. Clin J Sport Med. 2016;26(4):266-271.

9. Christino MA, Fantry AJ, Vopat BG. Psychological aspects of recov-

ery following anterior cruciate ligament reconstruction. J Am Acad

Orthop Surg. 2015;23(8):501-509.

10. Dekker TJ, Rush JK, Schmitz MR. What’s new in pediatric and ado-

lescent anterior cruciate ligament injuries? J Pediatr Orthop. 2018;

38(3):185-192.

11. Dodwell ER, Lamont LE, Green DW, et al. 20 years of pediatric ante-

rior cruciate ligament reconstruction in New York State. Am J Sports

Med. 2014;42(3):675-680.

12. Fabricant PD, Robles A, Downey-Zayas T, et al. Development and

validation of a pediatric sports activity rating scale: the Hospital for

Special Surgery Pediatric Functional Activity Brief Scale (HSS Pedi-

FABS). Am J Sports Med. 2013;41(10):2421-2429.

13. Hancock KJ, Glass N, Anthony CA, et al. Performance of PROMIS for

healthy patients undergoing meniscal surgery. J Bone Joint Surg Am.

2017;99(11):954-958.

14. Irrgang JJ, Anderson AF, Boland AL, et al. Development and valida-

tion of the International Knee Documentation Committee Subjective

Knee Form. Am J Sports Med. 2001;29(5):600-613.

15. Kaeding CC, Leger-St-Jean B, Magnussen RA. Epidemiology and

diagnosis of anterior cruciate ligament injuries. Clin Sports Med.

2017;36(1):1-8.

16. Kaplan Y, Witvrouw E. When is it safe to return to sport after ACL

reconstruction? Reviewing the criteria. Sports Health. 2019;11(4):

301-305.

17. Kocher MS, Smith JT, Iversen MD, et al. Reliability, validity, and

responsiveness of a modified International Knee Documentation

Committee Subjective Knee Form (Pedi-IKDC) in children with knee

disorders. Am J Sports Med. 2011;39(5):933-939.

18. Kostyun RO, Burland JP, Kostyun KJ, Milewski MD, Nissen CW. Male

and female adolescent athletes’ readiness to return to sport after

anterior cruciate ligament injury and reconstruction. Clin J Sport Med.

2021;31(4):383-387.

19. Kuenze C, Bell DR, Grindstaff TL, et al. A comparison of psychological

readiness and patient-reported function between sexes after anterior

cruciate ligament reconstruction. J Athl Train. 2021;56(2):164-169

20. Kugler BB, Bloom M, Kaercher LB, Truax TV, Storch EA. Somatic

symptoms in traumatized children and adolescents. Child Psychiatry

Hum Dev. 2012;43(5):661-673.

21. Kvist J. Rehabilitation following anterior cruciate ligament injury: cur-

rent recommendations for sports participation. Sports Med. 2004;

34(4):269-280.

22. Kvist J, Ek A, Sporrstedt K, Good L. Fear of re-injury: a hindrance for

returning to sports after anterior cruciate ligament reconstruction.

Knee Surg Sports Traumatol Arthrosc. 2005;13(5):393-397.

23. Lee DY, Karim SA, Chang HC. Return to sports after anterior cruciate

ligament reconstruction: a review of patients with minimum 5-year

follow-up. Ann Acad Med Singap. 2008;37(4):273-278.

24. McCullough KA, Phelps KD, Spindler KP, et al. Return to high school-

and college-level football after anterior cruciate ligament reconstruc-

tion: a Multicenter Orthopaedic Outcomes Network (MOON) cohort

study. Am J Sports Med. 2012;40(11):2523-2529.

25. McPherson AL, Feller JA, Hewett TE, Webster KE. Psychological

readiness to return to sport is associated with second anterior cruci-

ate ligament injuries. Am J Sports Med. 2019;47(4):857-862.

26. McPherson AL, Feller JA, Hewett TE, Webster KE. Smaller change in

psychological readiness to return to sport is associated with second

anterior cruciate ligament injury among younger patients. Am J Sports

Med. 2019;47(5):1209-1215.

27. Morrey MA, Stuart MJ, Smith AM, Wiese-Bjornstal DM. A longitudinal

examination of athletes’ emotional and cognitive responses to ante-

rior cruciate ligament injury. Clin J Sport Med. 1999;9(2):63-69.

28. Newcomer RR, Perna FM. Features of posttraumatic distress among

adolescent athletes. J Athl Train. 2003;38(2):163-166.

29. Oak SR, O’Rourke C, Strnad G, et al. Statistical comparison of the

pediatric versus adult IKDC subjective knee evaluation form in ado-

lescents. Am J Sports Med. 2015;43(9):2216-2221.

30. Paterno MV, Flynn K, Thomas S, Schmitt LC. Self-reported fear pre-

dicts functional performance and second ACL injury after ACL recon-

struction and return to sport: a pilot study. Sports Health. 2018;10(3):

228-233.

31. Paterno MV, Schmitt LC, Ford KR, et al. Biomechanical measures

during landing and postural stability predict second anterior cruciate

ligament injury after anterior cruciate ligament reconstruction and

return to sport. Am J Sports Med. 2010;38(10):1968-1978.

32. Piussi R, Beischer S, Thomeé R, et al. Greater psychological
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