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Background

Individuals who sustain an ACL injury and undergo reconstruction (ACLR) are at risk for
the development of osteoarthritis. Recent investigations have applied the Englund
criteria to categorize people with a history of ACLR as someone with a symptomatic or
asymptomatic knee.

Purpose/Hypothesis

The purpose of this study was to examine differences in health-related quality of life
(HRQL) and psychological outcomes in people with a history of ACLR who were
categorized as symptomatic or non-symptomatic by application of the Englund criteria.
The authors’ hypothesized participants classified as symptomatic would have lower
HRQL, increased fear-avoidance beliefs, and decreased resilience compared to
participants classified as non-symptomatic.

Study design

Cross-sectional, survey

Methods

Participants at least one-year after ACLR were recruited for the study and completed the
Tegner Activity Scale, the Brief Resilience Scale (BRS), the modified Disablement in the
Physically Active Scale (mDPA), and the Fear-Avoidance Belief Questionnaire (FABQ) at
one time-point. Descriptive statistics were summarized using median [interquartile
range] and differences between groups were examined using separate Mann-Whitney U
tests.

Results

Participants with symptomatic knees had a significantly higher BMI (24.8 [6.4]) than the
non-symptomatic group (21.2 [4.3], p=0.013). Participants in the symptomatic group had
worse HRQL on the physical subscale (12.5 [16.3] vs. 0.0 [2.5], p<0.001) and mental
subscale (2.0 [1] vs. 0.0 [1], p=0.031), higher scores on the FABQ-Sport (14.5 [11] vs. 0.0
[6], p<0.001) and FABQ-Physical Activity (20 [24] vs. 1 [4], p<0.001) and less resilience
(3.7[0.42] vs. 4.0 [0.83], p=0.028) compared to those participants in the non-symptomatic
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group. There were no differences in current physical activity (p=0.285) or change in
physical activity (p=0.124) levels between the two groups.

Conclusions

This series of differences may represent a cascade of events that can continue to
negatively impact health outcomes across the lifespan for individuals with a history of
ACLR. Future research should consider longitudinal investigations of these outcomes
after injury and throughout the post-surgical and post-rehabilitation timeframe.

Level of Evidence
Level 3b

INTRODUCTION

Injury to the anterior cruciate ligament (ACL) and subse-
quent reconstruction (ACLR) can be associated with a mul-
titude of negative outcomes including decreased physical
activity,1-3 decreased health-related quality of life (HRQL)*
and earlier development of osteoarthritis>¢ for some pa-
tients. Systematic reviews with meta-analyses have re-
vealed that ACLR is associated with the development of os-
teoarthritis>¢ and prevalence estimates are as high as 36%
as soon as 10-years after reconstruction.” Typically, once a
patient undergoes ACLR and completes formal rehabilita-
tion, they are no longer under the direct care of a physi-
cian until early osteoarthritis symptoms have developed. By
the time a patient presents to their provider with clinical
signs and radiographic evidence of arthritic changes, the
damage to the joint is irreversible.8 Given the nature of the
development and presentation of osteoarthritis, clinicians
and researchers alike have aimed to identify assessments
that can classify individuals as symptomatic or non-symp-
tomatic early on in their disease progression.? The ability
to identify patients that are symptomatic before the visu-
alization of radiographic changes is pertinent for the ad-
vancement of intervention strategies to delay osteoarthritis
development.?

The Englund classification system was originally devel-
oped to identify patients with a history of meniscectomy
who had symptomatic knees associated with osteoarthritis
development.10 Specifically, the Englund classification
classifies patients with symptomatic knees if they have a
score of <87.5 on the Knee Osteoarthritis Outcome Score
(KOOS) Quality of Life subscale, and two or more of the
following scores on the remaining subscales: £86.1 on the
KOOS-Pain, <85.7 on the KOOS-Symptoms, < 86.8 on the
KOOS-Activities of Daily Living (ADL) and <85.0 on the
KOOS-Sports and Recreation (Sports) subscale.10 The En-
glund classification has also been applied to patients early
after ACLR.11:12 Recent investigations have explored the
relationship between symptomatic knees and clinical out-
comes,!2 and explored the utilization of these criteria in
patients approximately 6-months post-ACLR.1! However,
to the authors’ knowledge, there is limited evidence that
has explored the relationship between osteoarthritis symp-
tomology, health-related quality of life and psychological
outcomes in people with a history of ACLR.

Deficits in HRQL and fear-avoidance beliefs in people
with a history of ACLR have been identified compared to

healthy controls.!3 However, there is a lack of evidence to
suggest these outcomes are different between people that
are classified by the Englund criteria as symptomatic or
non-symptomatic.10 Understanding this relationship is im-
portant as clinicians and researchers begin to focus on the
development of holistic patient-centered treatment strate-
gies to address pain, symptoms and osteoarthritis in people
with a history of ACLR. In addition, physical activity is a
part of the non-surgical treatment strategy for osteoarthri-
tis.14 Therefore, it is important to examine psychological
outcomes that may influence physical activity participation
in this population such as fear-avoidance beliefs and re-
silience. Fear- avoidance beliefs have been associated with
physical activity after ACLR.415 Resilience is a term often
used to describe a person’s ability to adapt and overcome
to their circumstances.!® Factors associated with resilience
such as communication and social support, self-efficacy
and goal setting have been previously examined in patients
who successfully undergo ACLR.17 Previous literature has
determined that patients with knee osteoarthritis with high
resilience had a higher odds of having better self-reported
overall health.18 Therefore, the purpose of this study was to
examine differences in HRQL and psychological outcomes
in symptomatic and non-symptomatic individuals with a
history of ACLR, as classified by the Englund criteria.10 It
was hypothesized that there would be significant differ-
ences in HRQL and psychological outcomes between these
two groups. Specifically, we hypothesize that participants
classified as symptomatic will have lower HRQL, increased
fear-avoidance beliefs and decreased resilience compared
to participants classified as non-symptomatic. These re-
sults will further support the need to develop treatment al-
gorithms that can effectively address HRQL and psycholog-
ical outcomes in people with a history of ACLR that have
symptomatic knees.

METHODS
STUDY DESIGN

A cross-sectional survey-study was used to examine differ-
ences in patient-reported outcomes between participants
with a history of ACLR with symptomatic knees and those
without symptomatic knees. The dependent variables were
scores on the Tegner Activity Scale, the Brief Resilience
Scale (BRS), the modified Disablement in the Physically Ac-
tive Scale (mDPA), and the Fear-Avoidance Belief Question-
naire (FABQ).
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PARTICIPANTS

Participants with a history of ACLR were recruited via Re-
searchMatch. ResearchMatch is a national health volunteer
registry that was created by several academic institutions
and supported by the U.S. National Institutes of Health
as part of the Clinical Translational Science Award (CTSA)
Program.1? To be included, participants must have been be-
tween the ages of 18-40 years, had a history of a unilateral
or bilateral ACLR within the prior 10 years and had been
cleared to participate in physical activity by a physician.
Participants were excluded if they had surgery to the lower
extremity within the last year, reported any additional lig-
ament repair at the time of ACLR surgery, had a lower ex-
tremity injury within the prior six weeks, were diagnosed
with any condition that may affect their ability to partic-
ipate in physical activity, or were unable to speak or read
English. This study was approved by the University of Ken-
tucky Institutional Review Board.

PROCEDURES

Participant recruitment occurred from July 2020 to Decem-
ber 2020. Interested participants received a link via email to
participate that first included an electronic consent form. If
the participant agreed to participate, they clicked “yes” on
the electronic consent form, and proceeded to the anony-
mous survey. Next, the participants completed an inclu-
sionary form to ensure all participants met the inclusion
criteria followed by a demographic questionnaire that
recorded age, race, sex, ethnicity, physical activity partic-
ipation, and lower extremity injury history information.
Included in this questionnaire, participants recorded de-
tails of their ACLR(s) such as graft type, post-operative
bracing, and post-operative rehabilitation participation and
years since their most recent ACLR. Each participant then
completed the patient-reported outcomes. The patient-re-
ported outcomes were not administered in a randomized
order. All data were collected utilizing Real Electronic Data
Capture (REDCap).20:21

INSTRUMENTATION

The Tegner Activity Scale: The Tegner Activity Scale was
utilized to determine participants’ activity level prior to
their knee injury and after their knee injury. From these
data, an activity change score was calculated by subtracting
their previous activity level from their current activity level.
A negative value indicates a decrease in activity level after
their injury, a positive value indicates an increase in activ-
ity level after their injury. The Tegner is a reliable measure
of self-reported physical activity in patients with a history
of ACLR.22 Recent analyses revealed acceptable test-retest
reliability and a minimal detectable change of one point in
patients that had recently undergone ACLR.22

The Brief Resilience Scale: The 6-item Brief Resilience
Scale (BRS) was used to measure self-reported resilience.
Questions 1,3 and 5 were assessed on a 5-point Likert Scale
with 1 meaning “strongly disagree” and 5 meaning
“strongly agree”.2324 Questions 2,4, and 6 were reversed

scored and assessed on a 5-point Likert Scale with 1 mean-
ing “strongly agree” and 5 meaning “strongly disagree”.23
24 The final scores are interpreted as 1.00-2.99 low re-
silience, 3.00-4.30 normal resilience, and 4.30-5.00 high re-
silience.24 The BRS has acceptable test-retest reliability and
internal consistency in healthy populations and popula-
tions with various health conditions.24

The Modified Disablement in the Physically Active Scale:
The mDPA was used to measure general HRQL. The mDPA
consists of two summary components that comprise the
original DPA, the Physical summary component (PSC) and
the Mental summary component (MSC).25 The 12-item
mDPA-PSC and 4-item mDPA-MSC are scored on a 5-point
Likert scale with O representing “no problem” and 4 rep-
resenting a “severe problem.” The scores for each subscale
are summed, and a higher overall score indicates a higher
level of disablement.25 The original DPA has acceptable
test-retest reliability, internal consistency and validity for
people with a history of injury, acute injury and individuals
classified as healthy.26 The mDPA has excellent internal
consistency.25

Fear Avoidance Beliefs Questionnaire: The FABQ modi-
fied for the knee and sports is a 15-item instrument that
was used to measure fear-avoidance beliefs. The original
FABQ consisted of two subscales, physical activity (PA) and
work,27 but has since been modified for patients with knee
injury by changing the word “back” to the word “knee”28
and for sports where the word “work” was changed to
“sport”.29 The 5-item FABQ-PA subscale and 10-item
FABQ-Sports subscale are scored on a 7-point Likert scale
where 0 indicates “completely disagree” and 6 indicates
“completely agree.” Higher scores for each subscale indi-
cates higher fear avoidance beliefs.2” The original FABQ has
acceptable test retest reliability and internal consistency
for both subscales in patients with chronic low back pain.2”

Knee Injury and Osteoarthritis Outcomes Score : The
KOOS was used to measure self-reported knee function and
classify the participants as symptomatic or non-sympto-
matic according to the Englund symptomatic knee clas-
sification.10 The 42-item KOOS evaluates five dimensions
regarding knee function: pain (KOOS-Pain), current symp-
toms (KOOS-Symptoms), activities of daily living (KOOS-
ADL), function in sports activities (KOOS-Sports), and
quality of life (KOOS-QOL) relating to the knee.30 A 5-point
Likert Scale is use to score the separate subscales.30 The
highest possible score on each subscale is 100 with higher
scores indicating higher function.30 In order to be classified
as symptomatic, participants had to score < 87.5 on the
KOOS-QOL, and score below the following cut-offs on two
or more of the remaining subscales: < 86.1 on KOOS-Pain,
< 85.7 on KOOS-Symptoms, < 86.8 on KOOS-ADL, and <
85 on KOOS-Sports.10 All five subscales have demonstrated
acceptable internal consistency and test retest reliability in
athletes with a history of ACLR3! and many other patient
populations with knee injuries and osteoarthritis.52

STATISTICAL ANALYSIS

Descriptive statistics (means and standard deviations) were
calculated for participant demographics. If an instrument
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Table 1. Summary of demographic variables for included participants (median (interquartile range).

Variable Symptomatic Participants (n=17) Non-Symptomatic Participants (n=12) p-value
Age inyears 25(7) 23.5(11) 0.347
BMI 24.5 (4.0 21.2(4.3) 0.021*
Years Since Most Recent Surgery 5.5(5) 4.0(7) 0.879
Current Tegner Activity Level 6(2) 7(2) 0.347
Previous Tegner Activity Level 8(2) 9(2) 0.948
Change in Tegner Activity Level -2(3) 0(3) 0.152
KOOS Subscale Scores
Symptoms 78.6 (14.3) 94.6 (8.9)
Pain 87.5(16.7) 100(2.1)
Activities of Daily Living 97.1(9.6) 100(0.0)
Sports and Recreation 75.0(17.5) 100(3.8)
Quality of Life 68.8(31.3) 100(8.3)

* significantly different between groups, p<0.05

was missing a response to an item, the person mean was DISCUSSION

calculated for that specific scale and inserted for the miss-
ing data point. The outcome data were not normally dis-
tributed and thus summarized using median and interquar-
tile ranges (IQR). Due to the non-normal distribution of
the data, independent-samples Mann-Whitney U tests were
used to examine differences in the demographic variables
and patient-reported outcomes between those participants
categorized with symptomatic knees and those classified
with asymptomatic knees. Alpha was set a-prior to p<0.05.
All statistical analyses were performed in IBM SPSS Statis-
tics Processer version 28.0.0.0.

RESULTS

There were a total of 29 participants, 17 (3 females) were
classified as participants with symptomatic knees and 12
(7 females) classified as non-symptomatic knees. A total of
five participants classified in the symptomatic knee group
had a history of two ACLRs, while none of the participants
classified in the non-symptomatic knee group had a history
of more than one ACLR. Summaries of the demographic
variables can be found in Table 1. Participants with symp-
tomatic knees had a significantly higher BMI than partici-
pants with non-symptomatic knees (p=0.021).

Summaries of the dependent variables for each group
can be found in Table 2. Participants in the symptomatic
group had worse HRQL as measured by the mDPA-PSC
(<0.001) and mDPA-MSC (p=0.018), higher levels of fear-
avoidance beliefs (FABQ-PA: p<0.001. FABQ-Sport: p=.001),
and lower levels of resilience compared to those partici-
pants in the non-symptomatic group (p=0.030, Table 2).
There were no differences in current physical activity or
change in physical activity levels between the two groups
(Table 2).

The purpose of this study was to examine differences in
HRQL and psychological outcomes in participants with a
history of ACLR that were classified as symptomatic com-
pared to those classified as non-symptomatic according to
the Englund criteria.l0 The hypothesis was confirmed as
participants with symptomatic knees had lower HRQL,
higher fear-avoidance beliefs and lower resilience com-
pared to the non-symptomatic group. Furthermore, the au-
thors identified differences in BMI between groups, with
participants with symptomatic knees having a higher BMI
than those with non-symptomatic knees. While these dif-
ferences identified are not causal, and are limited in their
application based on study design, these results are founda-
tional to the development of effective intervention strate-
gies to address osteoarthritis symptomology in people with
a history of ACLR.

The results of this cross-sectional analysis present an in-
teresting, potential cyclical cascade of outcomes that are of
primary concern for the long-term health of patients with
a history of ACLR as presented in Figure 1. The results of
this study align with previous research demonstrating de-
creased HRQL after knee surgery33 and in individuals with
symptomatic knees.3* While the authors did not attempt to
quantify specific symptoms in this sample, previous studies
have identified that knee pain, stiffness, and weakness in
surrounding musculature are common in those with symp-
tomatic knees.34 It is likely that changes in knee symptoms
negatively impact other aspects of life as previous literature
has identified links between HRQL, BMI, and physical ac-
tivity participation. For example, individuals with sympto-
matic knees after ACLR often present with increased BMI34
which align with the results of the present study. Addition-
ally, higher BMI has been associated with decreased HRQL
in the general population,35 adolescent populations,¢ and
older adults (>65 years).3” However, based on the study
design, it is unable to be determined whether those with
symptomatic knees had higher BMI at time of injury or
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Table 2. Summary of dependent variables for included participants (median (interquartile range).

Variable Symptomatic Non-Symptomatic p-value
Participants (n=17) Participants (n=12)

Brief Resilience Scale 3.7 (0.50) 4.0(0.83) 0.030*

Modified Disablement in the Physically Active Scale- 13(16.0) 0.0(2.5) <0.001*

Physical Summary Component

Modified Disablement in the Physically Active Scale- 2.0(4) 0.0(1) 0.018*

Mental Summary Component

Fear-Avoidance Beliefs Questionnaire- Physical Activity 22(30) 1(4) <0.001*

Fear-Avoidance Beliefs Questionnaire- Sport 15(10) 0.0(6) 0.001*

* significantly different between groups, p<0.05

surgery or whether these differences are associated with
factors experienced between ACLR and participation in this
study.

Individuals with symptomatic knees also reported in-
creased fear avoidance beliefs compared to individuals with
non-symptomatic knees. Fear avoidance refers to the
avoidance of activities that could illicit pain, potentially
cause reinjury, or any other negative stimuli.3® The Fear
Avoidance Model suggests that increased perceptions of
fear and increased incidence of avoidance will lead to dis-
use, dysfunction, and depression.3? Similarly, pain cata-
strophizing, kinesiophobial5 and fear of reinjury494! are
common psychological factors that have been observed
post-ACLR. Qualitative evidence demonstrates that fear of
reinjury is a primary barrier for returning to activity after
ACLR and many patients self-limit and/or avoid physical
activities to avoid reinjury.#%4! We did not identify signif-
icant differences in physical activity measured by current
Tegner scores between our two groups; however, we did see
that the symptomatic participants scored one point lower
on the Tegner activity scale than the group that had non-
symptomatic knees and had a larger change from baseline.
While we are not able to report differences in physical ac-
tivity between the groups or a cause-and-effect relation-
ship between ACLR, decreased HRQL, higher BMI and de-
creased activity, we do believe that these findings are of
interest for future research investigations. Fear-avoidance
beliefs have been associated previously with physical activ-
ity in people with a history of ACLR.# Individuals with a
history of ACLR participate in less MVPA compared to non-
injured peers.2 This is problematic as physical activity has
been found to be the most effective intervention for treat-
ing pain in patient with knee osteoarthritis,* and is known
to be beneficial for weight loss,*3 potentially decreasing a
person’s BMI. Additionally, it has been demonstrated that
individuals who participate in greater MVPA report higher
HRQL even when they report increased knee symptomol-
ogy.#4 Lastly, it is also important to note that all 5 partic-
ipants that reported having a history of 2 ACLR were in-
cluded in the symptomatic group.

Finally, the symptomatic group demonstrated lower re-
silience scores compared to the non-symptomatic group.
Resilience, as operationally defined by Liu et al.,!® is the
process by which an individual adjusts and responds to
challenges. Resilience has been sparsely examined as a psy-

Increased
Fear
Avoidance

Figure 1. Proposed model depicting the cascade of
events associated with increased symptoms in
individuals with a history or ACL reconstruction.

HRQL= health related quality of life, BMI= body mass index, PA= physical activity

chological factor associated with outcomes after ACLR;
however, qualitative evidence has identified resilience as a
key theme.4> Johnson et al. concluded that patients that
were more resilient had better outcomes after ACLR,!7
while Disantis et al.46 revealed that individuals that viewed
recovery as an opportunity to ‘overcome adversity’ expe-
rienced personal growth as a result of their injury. It has
been suggested that cognitive behavioral therapies and re-
silience training can improve coping strategies and de-
crease psychological distress in patients undergoing knee
surgery.#’ This, in turn, may have positive effects on other
psychological factors (e.g., fear avoidance), physical activ-
ity adherence, and HRQOL (Figure 1).

LIMITATIONS

This study was not without limitations. All data associated
with this investigation are self-reported and were captured
via electronic survey. Participants may not have understood
every question presented and were not able to ask clarifying
questions based on this study design. Methods used for pa-
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tient classification were also limited to patient self-reports.
No additional clinical criteria (i.e., radiographs) associated
with the determination of a symptomatic knee were used,
other than the completion of the KOOS survey. It is pos-
sible that the symptoms identified by completion of the
KOOS could have been from origins other than osteoarthri-
tis. Furthermore, the results of this study cannot be consid-
ered evidence of a cause and effect relationship. This was
a cross-sectional study design that was only able to deter-
mine differences between the two groups of participants.
These results are preliminary in nature, and are intended to
support future investigations to determine the progression
of osteoarthritis symptoms, quality of life, physical activity
and fear-avoidance beliefs. Given the cross-sectional nature
of this investigation, we are unable to determine if these
outcomes preceded the ACL injury, reconstruction, and now
symptomatic knee. The authors are also unable to deter-
mine if participants underwent any other lower extremity
surgery after their ACLR but within the inclusionary time
frame. Future investigations into the development of these
outcomes should be longitudinal in nature to better under-
stand the cascade of events. Lastly, these data were cap-
tured during COVID-19 in a small sample. It is possible that
restrictions associated with the pandemic could have im-
pacted participant responses on the surveys and responder
bias may have influenced those who chose to complete the
survey.

CONCLUSION

In conclusion, differences in BMI, HRQL, fear-avoidance
beliefs and resilience were identified between participants
with symptomatic knees and those with non-symptomatic

knees. This series of relationships may be a cascade of
events that can negatively impact health outcomes across
the lifespan for this post-ACLR population. It is necessary
for future longitudinal investigations to examine these out-
comes after ACLR and as these individuals progress after
rehabilitation and beyond clearance from formal rehabili-
tation. Should it be warranted, clinicians may consider pa-
tient education with a focus on the importance of physical
activity for decreasing pain and other symptoms associated
with symptomatic knees. Clinicians may consider exercise
as a prescription for symptomatic joints after injury, but
must include an overall assessment of the patient’s psycho-
logical variables (e.g. fear-avoidance beliefs and resilience)
and consider additional treatment strategies as warranted.
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