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Background: Given the high proportion of athletes who do not return to sports (RTS) after anterior cruciate ligament reconstruc-
tion (ACLR), strategies are needed to identify at-risk patients and optimize rehabilitation for successful RTS after ACLR.

Purpose/Hypothesis: This study used latent class analysis (LCA) to characterize a unique clustering of reasons why athletes do
not return to their preinjury activity level after ACLR. We hypothesized that patients with high pain scores and high levels of fear
would be less likely to return to their preinjury activity level.

Study Design: Cohort study; Level of evidence, 3.

Methods: All patients at a single institution who underwent primary ACLR between 2005 and 2021 were contacted to complete
a survey via REDCap. Patients’ ability to RTS and their preinjury activity level, reasons for inability to return to the preinjury activity
level, and patient-reported outcome scores were collected from 981 patients. LCA was performed to identify and compare pat-
terns among patients’ reasons for not returning to the preinjury activity level.

Results: Of the 981 patients included, only 446 (45.5%) were fully able to return to their preinjury activity level. LCA categorized
patients into 3 groups based on their reasons for not returning to preinjury activity levels: a high-function group (75.5%), which
reported no barriers; a multisymptom group (16.1%), which cited pain, lack of strength, and instability; and a fear-limited group
(8.4%), which reported fear as the sole reason. Among the high-function group, 86.2% reported RTS compared with \36.7% in
the other classes. There was no difference in Knee injury and Osteoarthritis Outcome Score (KOOS) subscales—including Pain,
Symptoms, or Activities of Daily Living—between the high-function and fear-limited groups; however, the multisymptom group
presented with the lowest scores in all KOOS subscales (P \ .001). In addition, patient characteristics, the time from
the index ACLR to the follow-up, and subsequent revision ACLR were similar between groups; however, the multisymptom
profile demonstrated the highest proportion of allograft ACLR (P = .04) and secondary ipsilateral surgery (P \ .001). Overall sub-
jective knee grade (1-100) and Marx scores were highest in the high-function group, followed by fear-limited and multisymptom
groups (P \ .001).
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Conclusion: Patients were differentiated into 3 distinct classes after primary ACLR. Furthermore, those with patient-reported
characteristics of pain, lack of strength, instability, or fear were significantly less likely to return to their preinjury activity level
or sport.

Keywords: anterior cruciate ligament; knee ligaments; kinesiophobia; latent class analysis; patient-reported outcome measures;
psychological readiness; return to sports

Anterior cruciate ligament (ACL) rupture is a common
sport-related injury, particularly in activities that involve
cutting and pivoting.7,8 ACL reconstruction (ACLR) has
been the recommended course of surgical intervention for
most athletes who participate in cutting and pivoting
sports before injury and wish to return to sports
(RTS).4,9,26 While good clinical outcomes regarding knee
stability, quantitative function, and subjective patient-
reported outcome measures (PROMs) have been reported
after ACLR, reported rates of successful RTS are vari-
able.13,27 Only 65% to 85% of athletes RTS, with an even
lower proportion returning to the same level of competition
as before their ACL injury.11 One meta-analysis indicated
that only 44% of athletes return to competitive sports.2

Furthermore, when counseling patients with an ACL
injury before surgery and in the early postoperative period,
it is imperative to identify those with elevated risk profiles
for failure to RTS. However, the identification and assess-
ment of such risk factors remains difficult. Given the high
proportion of athletes who do not return to competitive
sports after ACLR and the challenges of early risk profile
identification, there is a clear need for strategies to identify
these at-risk patients and develop strategies to optimize
successful RTS after ACLR.

Although several objective tests have been described to
assess readiness for safe RTS, no specific protocol demon-
strates a reliable reduction of reinjury risk upon RTS.
For example, muscle strength measurements—including
isokinetic quadriceps strength and single-leg hop
tests—have been employed to identify athletes who may
be at a higher risk for reinjury with RTS.5,11 Notably, these
objective physical assessments fail to capture the influence

of psychological readiness—including perceptions of current
function and active symptoms on an athlete’s ability to suc-
cessfully RTS.6 From the extant literature, there is an
increasing appreciation that patient outcomes and return
to activities are influenced by objective measures of symp-
toms and function that are intricately related to patient per-
ception of symptoms and psychological influences such as
fear of symptoms, kinesiophobia, and reinjury.6,33,25,15

An unacceptably high proportion of athletes are unable
to successfully RTS after ACLR; however, the reasons for
an inability to successfully RTS are not delineated.2,11

Establishing risk profiles for RTS failure—including
PROMs specific to patient perceptions of pain and function
and psychological readiness—may increase the opportu-
nity to identify at-risk athletes before surgery and in the
early postoperative period. In doing so, targeted strategies
to optimize RTS outcomes may be developed. Over the past
several years, the application of advanced statistical tech-
niques such as latent class analysis (LCA) has grown in
popularity to guide more individualized management of
specific medical conditions.29 LCA is considered a person-
centered mixture-modeling technique that aims to identify
‘‘distinct’’ classes or groups that share similar characteris-
tics.24,29 Applied to patient-reported outcome (PRO) data,
LCA can be used to identify groups of patients who share
similar patterns across multiple PROMs—such as symp-
toms, pain, fear, or function. LCA approaches can help
determine the prevalence of various subgroups or patients
and can also be used as a potential tool for developing tar-
geted interventions.23 For ACLR outcomes, LCA or similar
approaches have not been widely used despite the potential
benefits of the advanced statistical models.
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This study aimed to use LCA to characterize a unique
clustering of reasons why athletes do not return to their
preinjury activity level after ACLR. Specifically, we
hypothesized that patients with high pain scores and
high levels of fear would be less likely to successfully
return to their preinjury activity level.

METHODS

Patient Selection and Data Collection

All patients who underwent ACLR within a single ortho-
paedic department, with 11 sports medicine fellowship-
trained orthopaedic surgeons, between January 1, 2005,
and April 1, 2021, were identified using a custom query
of Current Procedural Terminology code 29888 within
institutional electronic medical records. From this query,
4346 patients who had a minimum of 1-year status after
primary ACLR were contacted via email with a REDCap
(Vanderbilt University) link and instructed to complete
a follow-up survey regarding the outcomes of their primary
ACLR. Out of the 4346 patients contacted, 1287 patients
(30%) completed the survey after up to 4 contact efforts.
A total of 306 patients who did not complete the full survey
or who underwent nonprimary ACLR (ipsilateral or con-
tralateral) were excluded from the analysis, as previous
ACL injury is an independent risk factor for subsequent
ACL injury.30 A total of 981 primary ACLR patient survey
responses were included in the present data analysis. Ver-
ification of data—such as graft type and incidence of sec-
ondary injury—was performed via chart review and
quality control checks were performed. Institutional
review board (IRB) approval was obtained by Emory Uni-
versity (STUDY00003512), and all patient participants
provided electronic consent before completing the survey.
The survey asked patients to identify their preinjury activ-
ity level in 1 of the following categories: competitive ath-
lete; recreational athlete; heavy manual labor job; light
manual labor job; active lifestyle; somewhat active; or sed-
entary. Patients also identified graft type used for primary
ACLR, subsequent complications, pre-ACL injury sport
participation, level of competition, and ability to RTS after
ACLR. Postoperative PROMs—including the Knee injury
and Osteoarthritis Outcome Score (KOOS) and the Marx
Activity Scale questionnaire—were also collected, and
scores were calculated for each respondent. Patients were
also asked to give their knee a numeric rating score from
1 to 100, with 100 being the best.

As part of the survey, patients were specifically asked
the following question: ‘‘Have you returned to the same
level of activity as before your ACL injury?’’ Then, they
were instructed to respond ‘‘yes’’ or ‘‘no.’’

If the patient answered ‘‘no,’’ then they were asked to
specify the reason, with responses that included the follow-
ing: ‘‘pain,’’ ‘‘lack of strength,’’ "lack of range of motion,’’
"fear,’’ "instability,’’ and ‘‘insecurity.’’ Patients were
allowed to check multiple boxes when specifying reasons
for their inability to return to their preinjury activity level.
Moreover, patients were asked the following question:

‘‘Since your ACL surgery, have you been able to return to
your sport?" Patients were allowed to respond ‘‘yes’’ or
‘‘no.’’

Patients were also asked the following 3 questions: (1)
‘‘Do you feel like you can walk normally like you did before
your ACL injury?’’ (2) ‘‘Do you feel like you can run nor-
mally like you did before your ACL injury?’’ (3) ‘‘Have
you returned to your same level of activity as before your
ACL injury?’’ Patients were allowed to respond ‘‘yes’’ or
‘‘no’’ to each question. The responses to these 3 questions
were summed to create a postinjury activity composite
score that was used for subsequent analyses. ‘‘Yes’’ was
scored as 1 point and ‘‘No’’ was scored as 0 points. A com-
posite score of 3 corresponded to ‘‘fully returned to activ-
ity’’; 2 corresponded to ‘‘mostly returned to activity’’; 1
corresponded to ‘‘slightly returned to activity’’; and 0 corre-
sponded to ‘‘did not return to activity.’’ Standardized factor
loadings of the 3 items were all ..75, indicating good inter-
nal consistency and unidimensionality adding validity evi-
dence for the composite score construction.

Statistical Analysis

LCA was performed using binary manifest variables using
the Polytomous Variable LCA package (Version 1.4.1) in
RStudio (Posit, PBC).19 The overall goal of LCA is to iden-
tify distinct ‘‘clusters’’ of individuals that respond simi-
larly, in this case to the reasons for not returning to
previous levels of activity. Variables included in the LCA
were the aforementioned reasons for not returning to the
same level of activity as before ACLR—ie, pain, lack of
strength, lack of range of motion, fear, instability, and
insecurity—as well as postinjury activity composite score.
The optimal number of classes was determined by compar-
ing the Bayesian Information Criterion (BIC) of 9 models
with a varying number of classes (ie, 2-10). The solution
identifying the number of classes with the lowest BIC
was chosen. Each reason profile was labeled to reflect the
probability of relevant manifest variables.

Secondary analyses were performed to determine
whether age, years after ACLR, sex, graft type, preinjury
activity level, subsequent ipsilateral revision ACLR or con-
tralateral ACL injury, secondary ipsilateral knee surgery,
Marx score, KOOS subscales, and ability to RTS differed
between the groups. Chi-square tests were used for cate-
gorical variables and 1-way analysis of variance with
post hoc Tukey Honest Significant Difference test for con-
tinuous variables. An a priori P \ .05 was used for statis-
tical significance.

RESULTS

Overall Cohort Characteristics

Overall, 981 patients were included in the analysis (52.7%
women), with a mean age of 29.9 6 12.6 years and a mean
follow-up of 7.1 6 4.2 years. Overall, 40.6% received allog-
rafts, 36.5% quadriceps tendons, 11.5% hamstring
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tendons, 9.7% bone-patellar tendon-bone allografts, and
1.7% other or unknown graft types. Overall, only 446
patients (45.5%) reported that they were fully able to
return to their preinjury activity level, with the most com-
mon reasons for inability to return to the preinjury activity
level being fear and pain, 12.4% and 12.2% of patients
overall, respectively.

Classification of Patients

LCA identified a 3-class solution as the best fit for the data,
based on the lowest BIC (4227). The classes were created by
responses to the reasons for not returning to the same level
of activity as before ACLR as well as postinjury activity com-
posite scores and were differentiated as follows: the high-
function group, comprising 75.5% of the cohort, with no bar-
riers to returning and complete return to the preinjury

activity levels; the multisymptom group, making up 16.1%
of the cohort, characterized by pain, lack of strength, insta-
bility, and slightly back to the preinjury activity level; and
the fear-limited group, constituting 8.4% of the cohort,
where fear alone predominantly prevented returning to pre-
injury activities but were mostly back to preinjury levels.
The probabilities of returning to preinjury activity levels
across the identified groups are presented in Figure 1, while
the reasons for not returning to preinjury activity levels are
detailed in Figure 2. This information underpinned our
group naming process. For example, we labeled the fear-
limited group because they indicated they have not returned
to preinjury levels of physical activity (ie, limited) and the
reason for this limitation was predominantly due to fear
(eg, 58.1% reported these reasons, depicted in Figure 2).
Similarly, Figure 3 illustrates the typical responses to the
specific questions used to classify patients using LCA.

Figure 1. Return to the preinjury activity level by patient class.

Figure 2. Reasons for not returning to the preinjury activity level by patient class. ROM, range of motion.
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Demographic characteristics of the distinct
groups—including the preinjury level of sports participa-
tion and graft type—can be seen in Table 1. The responses
to the 3 questions that were summed to create the postin-
jury activity composite scores and other activity-based
PROs can be seen broken down by group in Table 2.

When specifically asked about RTS ability, 86.2% of
patients in the high-function group, 33.5% of patients in
the multisymptom group, and 36.6% of patients in the fear-
limited group were able to RTS (P \ .001) (Table 2).

In response to the question, ‘‘Did your knee injury pre-
vent you from returning to your previous level of sport or
recreational activity?’’ 17.3% of patients in the high-
function group, 67.1% of patients in the fear-limited group,
and 82.3% of patients in the multisymptom group
responded ‘‘yes’’ (P \ .001) (Table 2).

Patient-Specific Factors

There was no association between sex or time since index
ACLR and class between the 3 groups. There was a differ-
ence in age at the time of index ACLR when comparing the
high-function and multisymptom groups (29.5 vs 32.2; P =
.035) (Table 1). When specifically analyzing athletes, there
was a higher proportion of young athletes (middle
school/high school athletes) (29.1% vs 15.8%) and a lower
proportion of recreational athletes (58.3% vs 67.1%) in the
high-function group compared with the multisymptom group
(P = .017) (Table 1). A higher portion of patients in the multi-
symptom group received allografts compared with all other
graft choices (52.5% allograft; P = .026) (Table 1).

Subsequent Surgery

The mean follow-up time was 7.1 years for all groups
(P = .99). The overall incidence of ipsilateral revision ACLR

was 7.5%, and the incidence of contralateral ACL injury
was 8.8%. No difference was observed in the incidence of ipsi-
lateral revision ACLR or contralateral ACL injury according
to class (P = .22 and P = .43, respectively) (Table 2).

The overall incidence of subsequent ipsilateral knee
surgery—which included arthroscopic lysis of adhe-
sions/manipulation under anesthesia, meniscectomy,
meniscus repair, revision ACLR, and osteotomy—was
17.1%. A difference was observed in the incidence of
secondary ipsilateral knee surgery between groups, with
a higher proportion of patients in the multisymptom group
undergoing subsequent ipsilateral knee surgery compared
with those in the high-function and fear-limited groups
(27.8% vs 15.1% and 14.6%, respectively; P \ .001)
(Table 2).

Overall Knee Rating Score

A difference was found in knee grade (rated between 0 and
100) between the high-function (89.7% 6 10.3%), fear-
limited (82.5% 6 10.8%), and multisymptom (64.4% 6

20.1%) groups (P \ .001).

Marx Activity Score

A difference was found in the final Marx Activity score,
with a higher score in the high-function group compared
with the multisymptom and fear-limited groups (8.8 vs
4.8 and 5.1, respectively; P \ .001) (Table 2).

KOOS Scores and Knee Grade

KOOS subscales—including Symptoms, Pain, and Activi-
ties of Daily Living (ADL)—were each lower in the

Figure 3. Typical responses to the questions used in the LCA-determined groups. ACL, anterior cruciate ligament; LCA, latent
class analysis.
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TABLE 1
Patient Characteristics by Groupa

High Function Fear Limited Multisymptom Pb

Total No. of patients 741 82 158
Women (%) 52.5 45.1 57.6 .18
Men 47.5 54.9 42.4
Age, y 29.5 (12.9)d 28.9 (10.5) 32.2 (11.8) .04
Follow-up, y 7.1 (4.1) 7.1 (4.2) 7.1 (4.3) .99
Graft type (%) .04

Quadriceps tendon 38.5 39.0 25.9
Hamstring tendon 11.7 14.6 8.9
Bone-patellar tendon-bone 9.4 9.8 10.8
Allograft 38.5 36.6 52.5d,e

Other/unknown 1.9 0 1.9
Preinjury sports participation, % yes 78.8 79.3 75.3 .61
Preinjury activity level (%) \.001

Competitive athlete 36.7 24.4 29.7
Recreational athlete 35.4 50.0c,e 31.6
Active lifestyle 16.1 15.9 20.3
Somewhat active 8.9 7.3 9.5
Heavy manual labor job 0 1.2 2.5
Light manual labor job 1.2 0 2.5
Sedentary 1.5 1.2 3.8

Preinjury sport level (%) \.001
Middle/high school 29.1d 23.1 15.8
Recreational 58.3 65.9 67.1
Collegiate/professional 12.6 11.0 17.1

aData are presented as mean (SD) or % unless otherwise indicated. Tukey HSD, Tukey Honest Significant Difference.
bP values are for the chi-square test for categorical variables or 1-way analysis of variance for continuous measures. If P\ .05, then follow-

up comparisons were made and false discovery rate adjusted P values and Tukey HSD were used for categorical and continuous variables,
respectively.

cThe high-function group different from the fear-limited group.
dThe high-function group different from the multisymptom group.
eThe fear-limited group different from the multisymptom group.

TABLE 2
Postinjury Function Comparisona

High Function Fear Limited Multisymptom Pb

Returned to preinjury sport (% yes) 86.2c,d 36.6 33.5 \.001
Postinjury activity composite score questions

Returned to preinjury activity (% yes) 93.7c,d 0 0 \.001
Walk as normal as preinjury (% yes) 98.4 98.8 68.4d,e \.001
Run as normal as preinjury (% yes) 88.5 91.5 10.8d,e \.001

Overall knee grade 89.7 (10.3)c,d 82.5 (10.8)e 64.4 (20.1)
Marx score 8.8 (5.2)c,d 5.1 (4.5) 4.8 (5) \.001
Did the knee injury prevent the patients

from returning to their previous level of
sport or recreational activity? (% yes)

17.3c,d 67.1e 82.3 \.001

ACL revision reconstruction (%) 6.7 8.5 10.8 .22
Contralateral ACL injury (%) 8.1 9.8 11.4 .43
Secondary ipsilateral knee surgery (%) 15.1 14.6 27.8c,d \.001

aData are presented as mean (SD) or %. ACL, anterior cruciate ligament; Tukey HSD, Tukey Honest Significant Difference.
bP values are for the chi-square test for categorical variables or 1-way analysis of variance for continuous measures. If P\ .05, then follow-

up comparisons were made and false discovery rate adjusted P values and Tukey HSD were used for categorical and continuous variables,
respectively.

cThe high-function group different from the fear-limited group.
dThe high-function group different from the multisymptom group.
eThe fear-limited group different from the multisymptom group (P \ .05).
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multisymptom group compared with the high-function and
fear-limited groups (P \ .001 for each) (Figure 4). KOOS
subscales—including Symptoms, Pain, and ADL—were
not different when comparing the high-function and fear-
limited groups. Both KOOS Sports-Specific and Quality
of Life subscales were increased in the high-function group
compared with the fear-limited and multisymptom groups
(P \ .001 for each) (Figure 4).

DISCUSSION

The most important finding in this investigation was that
the LCA of a cohort of patients who underwent primary
ACLR resulted in 3 distinct classes of patients—high-func-
tion, fear-limited, and multisymptom groups. Although
most patients within the high-function group were com-
monly able to fully return to their preinjury activity level,
our hypothesis was supported in that most patients in the
fear-limited group showed limited capacity to return to
their preinjury activity level and most patients in the mul-
tisymptom group were unable to return to their preinjury
activity level. Most measured PROMs were lower among
patients in the multisymptom group compared with the
other 2 groups, with the exception that the overall knee
rating score and KOOS Sport and Quality of Life
were lower among patients in the fear-limited group
compared with the patients in the high-function
group. Unexpectedly, there were no differences in patient
characteristics or patient-specific factors—including age,
sex, graft choice, preinjury activity level, preinjury level
of sports competition, or secondary ACL injury—when
comparing the high- function and fear-limited groups.
These findings suggest that the high-function and fear-
limited groups consisted of similar patient populations at
the time of primary ACLR, but at some point during the

rehabilitation process, delayed muscle recovery, faulty
movement patterns, maladaptive behaviors, or flawed
thought processes likely manifested into kinesiophobia or
fear that prevented a return to the preinjury activity
level.10 Earlier identification of the subset of patients at
risk for developing increased fear after ACLR may help
facilitate interventions—such as targeted rehabilitation
or sports psychology—to minimize or eliminate fear and
improve these patients’ ability to return to the preinjury
activity level and sport.

PROMs are used extensively after ACLR, with recent
investigations utilizing the ACL–Return to Sport After
Injury (ACL-RSI) to assess psychological readiness for
RTS and the KOOS to assess patient perceptions of
symptoms—including pain and function.6,33 The KOOS
Pain score was associated with the ACL-RSI score and
the ability to pass a single-leg hop test, suggesting that
patients with higher pain levels have lower psychological
and physical readiness for RTS.6 Regarding fear of move-
ment, lower scores on the Tampa Scale of Kinesiophobia
(TSK-11) at the time of RTS clearance are associated
with a nearly 4-fold likelihood to report decreased levels
of physical activity, increased likelihood of objective func-
tional asymmetry in single-leg hop and quadriceps
strength testing, and ultimately an elevated risk of second-
ary injury within 24 months of ACLR.25 Emerging vali-
dated tools—such as the ACL Reasons Survey—provide
a lens into understanding patient-perceived barriers spe-
cific to return to activity after ACLR.15 The outcomes of
the ACL Reasons Survey showed that patient percep-
tions— specifically fear of knee symptoms, kinesiophobia,
and fear of reinjury—were among the most common
patient-reported reasons for altered physical activity levels
after clearance after ACLR.

In the present study, we found that 45.5% of patients
across the entire cohort were fully able to return to their

Figure 4. KOOS and knee grade scores by patient class. ADL, Activities of Daily Living; KOOS, Knee injury and Osteoarthritis
Outcome Score; LCA, latent class analysis; Sport, Sports-specific; QoL, Quality of Life.
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preinjury activity level. Regarding RTS, 79.7% of patients
were fully able to RTS at some level. These results are com-
parable to previous investigations that reported 70% to
91% return to some level of sports, and 44% to 65% return
to the preinjury level of competition.1,18,20 Previous litera-
ture, along with the present investigation, demonstrate
that although RTS is relatively high, up to �50% of
patients do not return to the same level of activity as before
their ACL injury. Previous investigations have indicated
that 20% to 45% of athletes who do not RTS after ACLR
cited fear as the main reason for not returning.10,16,18,28,31

Two PRO scores that have been used to quantify injury-
related fear in patients after ACLR include the ACL-RSI
and the TSK-11.12,17,32 One previous investigation found
that \40% of patients met the criteria for psychological
preparedness for RTS according to the ACL-RSI threshold
of 75 points even after participating in an RTS training
program.22 Another recent investigation reported that
the ACL-RSI score better identified fear intensity of fear-
evoking tasks such as cutting, contact, and jumping
when compared with the TSK-11 score.21 PRO question-
naires have helped us better understand the relationship
between fear and RTS after ACLR. Our findings are novel
in that we describe a distinct group of fearful but generally
well-functioning and minimally symptomatic patients
after ACLR. While secondary injury risk is not a primary
aim of the present investigation, a recently published
cohort of 39 female athletes engaged in sports with high
levels of cutting, jumping, and pivoting found an increased
risk of reinjury within 24 months in athletes reporting bet-
ter psychological readiness at the time of RTS as deter-
mined by the ACL-RSI, TSK-11, and KOOS Quality of
Life.34 There is a growing body of literature associating
the relationship between psychosocial determinants of
RTS and physical activity. Thus, it is important to empha-
size that comprehensive management of an athlete after
ACLR is multidimensional, accounting for patient goals,
psychological factors, perceived barriers, and the demands
of their sport and objective physical function throughout
the rehabilitation continuum.

One related study used a longitudinal form of LCA to
identify trajectory patterns of International Knee Docu-
mentation Committee scores after ACL injury and found
that various factors—such as revision surgery, secondary
knee injury, mental health, and preoperative pain—were
associated with the group that had a less favorable rate-
of-recovery pattern.14 In addition, distinct subgroups of
ACL-injured patients based on both PROMs and functional
data were related to the prevalence of osteoarthritis (OA).3

These data and analytical approaches reveal information
relevant to the treatment of ACL injury and prevention
of OA but also reveal information related to the complex
associations across the various patient-reported and objec-
tively measured outcome measures. A recently published
validation investigation of the ACL Reasons Survey serves
to better identify patient perceptions of barriers to physical
activity.15 In this investigation, participants ranked fac-
tors limiting their physical activity, psychological factors
(eg, fear of knee symptoms or movement), and fear of rein-
jury among the most important barriers to physical

activity. The ongoing development of patient-centered clin-
ical tools (eg, the ACL Reasons Survey) may complement
PROMs (eg, ACL-RSI and TSK-11) in improving our ability
to not only identify the presence of psychological risk fac-
tors (eg, fear of symptoms, kinesiophobia, and reinjury)
but also to understand how these variables impact the abil-
ity to return to activities and the perceived quality of func-
tion after ACLR. In doing so, future research may guide
clinical practice as we communicate with patients to better
understand psychosocial barriers to physical activity and
individualize targeted interventions early in the postoper-
ative rehabilitation process to optimize patient outcomes.

Despite generally favorable PROMs, the inability of the
fear-limited group to return to the preinjury level of activ-
ity seemed to be attributed mainly to fear, which is gener-
ally not present in these patients before the injury. From
a structural standpoint, the fear-limited group may have
a well-functioning knee because their PROM scores were
mostly superior to those of the multisymptom group and
had similar reoperation rates as the high-function group.
Patients in the fear-limited group could produce a clinical
dilemma, as objective measures (eg, physical examination,
knee laxity, and strength) and movement patterns (eg,
limb symmetry during running, landing, and cutting activ-
ities) may be no different than those in the high-function
group who were able to return to their preinjury activity
level. In the subset of the patients in the fear-limited group
with no objective findings that may be preventing them
from returning to their preinjury activity level, clinicians
may not be able to provide counseling or interventions to
assist these patients in achieving their goal of returning
to activity. With the fear-limited group appearing to be
similar from a demographic standpoint to the high-
function group, it may be difficult to identify them preoper-
atively. Rather, early identification of those at risk for fear-
limited tendencies during the early stages of postoperative
rehabilitation and subsequent targeted interventions may
improve our ability to help these patients return to their
preinjury activity level.

The multisymptom group represents postoperative
ACLR patients with a poorly functioning knee that may
be due to structural issues—such as posttraumatic arthri-
tis, meniscal pathology, chondral pathology, graft laxity, or
other associated problems. The multisymptom group com-
prised a small proportion of the investigation and had
a higher incidence of ipsilateral knee surgery compared
with the other 2 groups. While the multisymptom group
can also have clinical challenges, this profile represents
a well-established subset of patients undergoing ACLR.
Mitigation strategies may be more difficult for the fear-
limited group in which the knee is generally structurally
sound, aside from appropriate patient selection, preopera-
tive counseling, addressing concomitant pathologies at
the time of surgery, and any subsequent injuries.

Limitations

There are several limitations to this investigation. First,
there were no preoperative PROMs collected as a part of
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this investigation, with all outcomes only collected at the
final follow-up, preventing pre- to postsurgical analysis.
Moreover, the final follow-up time varied among patients,
and as such the time interval from primary ACLR to
data collection was not uniform across patients. The multi-
symptom group had a higher mean age and a higher inci-
dence of ipsilateral knee surgery than the other groups,
which may have increased the incidence of posttraumatic
OA, chondral pathology, and meniscal pathology among
that group. Furthermore, the presence or absence of
meniscal and/or chondral pathology for each patient was
not collected, and these factors likely affect PROM scores.
Further, patients did not rank or indicate a perceived pri-
mary reason for any limitations. Specifically, for the multi-
symptom group, further ranking and stratification of
symptom importance may provide further insights into tar-
geted areas for intervention in future research. There was
a relatively low follow-up proportion, which may have
introduced selection bias. Furthermore, the time elapsed
between surgery and the follow-up may have introduced
recall bias in some patients. Overall, the cohort included
all patients undergoing primary ACLR who met the inclu-
sion criteria, which may limit specific interpretations to
highly competitive athletes.

CONCLUSION

Patients may be categorized into 3 distinct classes after
primary ACLR, and those with patient-reported character-
istics of pain, instability, and fear are significantly less
likely to return to their preinjury activity level.
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