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Abstract

Background: It is assumed that youth who experience a knee injury while playing sports have
an initial decline in health that resolves with time, leaving no lasting impact. Health-related
quality of life (HRQoL) encompasses the physical, psychological, and social domains of health.
It can represent overall health (generic HRQoL) or health relative to a specific condition or body
part (e.g., knee-specific HRQoL). Our knowledge of how sport-related knee injuries impact
HRQoL is mostly based on adults and one injury type [anterior cruciate ligament (ACL)
rupture]. To appreciate the full consequence of sport-related knee injuries on active youth, a
broader understanding of how these injuries impact HRQoL is needed.

Objectives: To improve our understanding of 1) how to measure HRQoL of active youth, 2)
how HRQoL is altered by a youth sport-related knee injury at varying timepoints, and 3) what
physical, psychological, and social consequences of injury are associated with HRQoL in active
youth at varying timepoints.

Methods: This thesis consists of 4 studies: 1) a systematic review evaluating patient-reported
outcome measures (PROMs) for measuring generic and condition-specific HRQoL of active
youth according to COnsensus-based Standards for the selection of health Measurement
INstruments (COSMIN) guidelines; 2) a secondary analysis of a historical cohort study
comparing generic and knee-specific HRQoL between individuals with and without a 3-12-year
history of a youth sport-related knee injury; 3) a preliminary analysis of a prospective cohort
study describing differences in knee-specific HRQoL and associated health outcomes between
youth with and without a sport-related knee injury over an initial 6-month period; and 4) a

prospective cohort study comparing knee-specific HRQoL between youth with and without a
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sport-related knee injury and assessing the influence of associated health outcomes on this
relationship over a 12-month period.

Results: The systematic review identified and evaluated 11 generic and 7 condition-specific
HRQoL PROMs used in active youth. No existing PROM was deemed robust due to lacking
sufficient measurement properties. Two generic and 1 upper extremity-specific HRQoL PROMs
were judged as the most suitable based on sufficient structural validity and internal consistency.
The historical and prospective cohort studies reveal that a wide range of youth sport-related knee
injuries are associated with reduced knee-specific HRQoL at baseline, 6-month, 12-month and 3-
12 year follow-ups compared to uninjured controls, regardless of sex. Conversely, no differences
in generic HRQoL were found at 3-12 year follow-up. Exploratory analyses suggest that
intermittent knee pain, knee muscle strength, physical activity, kinesiophobia, injury type, and
baseline HRQoL may influence the relationship between knee injury and HRQoL.

Conclusions: Taken together, these studies reveal that youth who experience a wide range of
sport-related knee injuries — not just ACL ruptures — experience significant and persistent deficits
in knee-specific HRQoL but not generic HRQoL compared to uninjured controls. Intermittent
knee pain, knee extensor strength, physical activity, kinesiophobia, and injury type may be
potential determinants of HRQoL in this population. Novel contributions from this thesis can
guide future development and evaluation of HRQoL PROMSs and inform future efforts to better

understand and optimize HRQoL following a youth sport-related knee injury.
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CHAPTER 1: INTRODUCTION

It is assumed that youth who experience a sport-related knee injury have an initial decline in
health-related quality of life (HRQoL) that resolves with time, leaving no lasting impact.
However, our understanding about how a knee injury affects HRQoL is mostly based on studies
that focus on adults who experience one specific injury [anterior cruciate ligament (ACL) rupture
with subsequent ACL reconstruction (ACLR)] and lack an uninjured, comparison group. This
leaves many important questions unanswered. What are the best methods to measure youth
HRQoL? What is the short-and long-term impact of youth sport-related knee injuries on
HRQoL? What factors influence HRQoL after a youth sport-related knee injury? Without the
answers to these questions, we cannot determine if we need to or how to promote HRQoL during

this critical life stage.

1.1  YOUTH SPORT-RELATED INJURIES

Youth who regularly participate in sports and recreational activities enjoy numerous health
benefits such as improved cardiovascular health,' > motor competence,’® cognitive functioning,*
weight management,! and academic performance.! Unfortunately, youth who play sports also
face an elevated risk of injury. In Canada, sport is the leading cause of injury in youth with
approximately 1-in-3 youth seeking medical attention for a sport-related injury per year.>’ Sport-
related injuries occur at rates of 60.9 and 65.7 injuries per 100 students for Canadian junior high

and high school students, respectively.®’

Youth is a period that comprises biological growth and social transition from childhood to
adulthood.® It is characterized as a critical time when “an individual acquires the physical,
cognitive, emotional, social, and economic resources that are the foundation for later life health
and wellbeing.”® The definition of “youth” can vary but an age range of 10-24 years old!® aligns

298

with “contemporary patterns of adolescent growth.”® Experiencing an injury that interrupts this

important developmental phase can trigger health problems that are life-altering.'!



1.2 YOUTH SPORT-RELATED KNEE INJURIES

Sport-related knee injuries are most prevalent between the ages of 15-24 years'? and represent
15-20% of all sport-related injuries in Canadian youth.®” The most common sport-related knee
injuries involve the medial collateral ligament (MCL; 36.1%) followed by the patella or patellar
tendon (29.5%), ACL (25.4%), meniscus (23.0%), lateral collateral ligament (LCL; 7.9%), and
posterior cruciate ligament (PCL; 2.4%).!% Data from Australia suggests that the number of
sport-related injuries requiring hospital treatment has grown 37% from 2004 to 2010.'* The
rising incidence of youth sport-related injuries is highly problematic because they have long-term

health consequences and contribute to healthcare system burden.!'> 16

1.3 HEALTH CONSEQUENCES OF SPORT-RELATED KNEE INJURIES

The short- and long-term consequences of sport-related knee injuries span the physical (i.e.,
functional status and capacity to perform tasks and activities'”), psychological (i.e., cognition,
behaviour, and affect!”- %), and social (i.e., relationships and participation in social networks'” %)
health domains. These injuries also increase the risk for future disease states including
osteoarthritis.!? In fact, there is strong evidence that many types of knee injuries increase the risk
for osteoarthritis, including ACL or PCL sprains [hazard ratio (HR) 8.2; 95%CI 5.9, 11.4],
meniscus tears (HR 7.6; 95%CI 5.5, 10.5), fractures (HR 7.0; 95%CI1 4.2, 11.7), patella
dislocations (HR 5.9; 95%CI 3.4, 10.1), cartilage injuries (HR 5.2; 95%CI 3.8, 7.0), MCL or

LCL sprains (HR 4.9; 95CI 3.3, 7.3), and bony contusions (HR 3.2; 95%CI 2.2, 4.7)."

Despite this knowledge, researchers and clinicians have tended to focus on ACL ruptures. This
may be due to the high costs of ACLR and lengthy rehabilitation associated with these injuries.*
2l As a result, most of what we know about the consequences of sport-related knee injuries
comes from studies that involve within-group comparisons of individuals who experience an
ACL rupture and subsequent ACLR. Only recently has preliminary evidence about the
consequences of other intra-articular knee injuries (i.e., beyond ACL ruptures) started to

emerge.?’

The following sections and Table 1.1 highlight what is known about the physical, psychological,

and social consequences of sport-related knee injuries based on studies that include comparisons



to uninjured controls or population norms. This overview focuses on the injury consequences
relevant to this thesis and is not inclusive of all outcomes that have been assessed. The evidence
is summarized by health domain, life stage (youth vs. adult), and time since injury or surgery.

Additional information is provided in Appendices A and B for youth and adults, respectively.



Amlur ooy Auy
SNOSTUSIA[

WOV 10 amydni TV .
00I< 001>

s[enpIAIpuy parmfuy
Jo azig ordureg pajood

ad£1 Amfug

s1eak Gz< o8e ueaw e ym sajdures sapnpoup,
SIBAA {7-()] U92M12q 95 UeoW € (IM Sa[dwes sopn[ou],
A1981ms 10 Am(ur 90U 20UIS AW} SAJLITPU]e

‘d pue y saopuaddy

Ul [Te)0p 10JedI3 Ul paquUISIP 21 SIAIPMIS [[ "SOI0JS UBIPSW JO UBIWI UT SOOUSIJJIP dnoIid-usomioq
jueolIugIs A[[eonsne)s punoj pue swrou uonendod Jo sjonuod pamfurun 0 Amfur 93w pajefal
-110ds © UIIm S[ENPIAIPUL U9IM)AQ SOW0INO palediod Jey) SAIpnIs W0l ejep syuasaidol a[qe) sI L,

puagdag

UOT)R[OSI [B100S [e1908
erqoydorsaury [eor3ojoyoAsq

AysaqQ

KyAnyoeur [eo1sAyg

. SSOU{BAM J[OSNUI 29I

l l swoydAs oty
ureg [eo1sAyg

- - “adi] dinfu]
nnpv pnox HnpYy ymnox HNPY quino x auanbasuo) urewo(q yyedH
«(SIB3X 62) waa]-3uo| 2(SI1BI X §-7) WLId [ -WINIPIJA] (183X 7-0) WIAd I -3I0Ys

93®1g 9JI'T pue Anluf 2ourg awir ], £q saunfuy aouy paje[dy-1odg Jo saouanbasuo)) YiedH Yl JO MIAIAIAQ '] dqBL



1.3.1 Physical Health Consequences of a Sport-Related Knee Injury
Common physical health consequences associated with sport-related knee injuries include pain
and other symptoms (e.g., swelling, stiffness), knee extensor and flexor muscle weakness,

physical inactivity, and obesity.

1.3.1.1 Physical Health Consequences in Youth
In the first 2 years (i.e., short-term) following an ACL rupture or ACLR, there is consistent

23-25

evidence that youth demonstrate greater pain and symptoms and weaker knee extensor and

23:26 compared to uninjured controls. There is also preliminary evidence that

flexor muscles
injured youth also have lower physical activity levels in the short-term.?”-?® Between 2-5 years
(i.e., medium-term) following ACL rupture or ACLR, we have consistent evidence of elevated

24,2932 and preliminary evidence of lower physical activity levels,*

knee pain and symptoms
including being less likely to meet national physical activity guidelines [>150 minutes of
moderate-to-vigorous physical activity (MVPA) per week], than controls.>* At 5 years and
beyond (i.e., long-term) an ACL rupture or ACLR, there is consistent evidence of greater knee
pain and symptoms.*>*® Conversely, little is known about knee muscle strength past the short-

term after ACL rupture or ACLR or body composition or obesity at any timepoint.

Beyond ACL rupture and ACLR, 1 cohort study provides preliminary evidence of increased pain
and other symptoms, reduced knee extensor strength, lower daily MVPA, and increased
adiposity 3-10 years following a variety of youth sport-related knee injuries compared to

uninjured controls.?% 3% 40

1.3.1.2 Physical Health Consequences in Adults

In the short-term following an ACL rupture or ACLR, there is consistent evidence that adults
have reduced knee extensor and flexor strength compared to uninjured controls.?%*!-** In the
medium-term, there is preliminary evidence of increased pain and other symptoms*47 and
reduced knee flexor strength.*® Finally, in the long-term, 1 cohort study reported greater knee
pain and other symptoms compared to uninjured controls.* In contrast, we know little about
physical activity and obesity outcomes in adults who have experienced an ACL rupture or ACLR

in comparison to uninjured controls.



With respect to non-ACL injuries, adults who have a meniscus injury or surgery (meniscectomy
or meniscal repair) report greater pain and other symptoms in the short->" and medium-term*’

relative to controls.

1.3.2 Psychological Consequences of Sport-Related Knee Injuries
Kinesiophobia or fear of re-injury is often reported after an ACL rupture.'® 315 Kinesiophobia is
defined as “an excessive, irrational, and debilitating fear of physical movement and activity

resulting from a feeling of vulnerability to painful injury or re-injury.”>% >’

1.3.2.1 Psychological Health Consequences in Youth
Few studies have compared kinesiophobia in youth with and without a sport-related knee injury.
However, there is preliminary evidence that youth who have undergone ACLR report greater

medium->! and long-term?® kinesiophobia than uninjured controls.

1.3.2.2 Psychological Health Consequences in Adults
Following an ACL rupture or ACLR, greater short-term>® and medium-term*® > € kinesiophobia

has been observed in adults compared to uninjured controls.

1.3.3 Social Consequences of Sport-Related Knee Injuries

No quantitative studies have examined the social consequences of a sport-related knee injury by
comparing outcomes between injured and uninjured individuals. However, qualitative studies
have described the social effects of these injuries, including the temporary or permanent removal

from sports and recreational activities.'® ¢1-62

1.3.3.1 Social Health Consequences in Youth

A qualitative study of youth with a severe sport-related injury (including an ACL rupture)
revealed they have feelings of “no longer fitting in” with their teammates and are frustrated
about not experiencing the joy of sport.®! Similar feelings of loneliness and frustration of not

being able to participate in sports are conveyed by youth who with an ACL rupture.®®



1.3.3.2 Social Health Consequences in Adults
A literature review of adults’ concerns during rehabilitation for a sport-related knee injury
highlights feelings of disengagement, isolation from their sporting community (e.g., coaches,

teammates, training partners), and perceived lack of social support.®?

1.4 HEALTH-RELATED QUALITY OF LIFE

Health-related quality of life is a construct that encompasses the physical, psychological, and
social domains of health and is influenced by an individual’s perceptions, expectations,
experiences, and beliefs (Figure 1.1).°4% Health-related quality of life is also described as “the
degree to which [individuals] retain their ability to participate in valued activities within the

family, in the workplace, and in the community.”®’

Physical
Health

Social
Health

Psychological
Health

Figure 1.1: Visual Interpretation of Health-Related Quality of Life



1.4.1 Generic and Condition-Specific Health-Related Quality of Life

To gain a comprehensive understanding of HRQoL in individuals with health conditions, we
must assess both generic and condition-specific HRQoL. This is typically achieved by obtaining
responses to patient-reported outcome measures (PROMs) from the individual of interest rather

than a proxy (e.g., parent, caregiver, healthcare professional).

Generic PROMs broadly measure HRQoL across different demographic groups, medical
conditions, and healthcare interventions. The strength of generic PROMs is comparability or
facilitating the comparison of HRQoL across different health conditions (e.g., knee vs. shoulder
injury) or in response to different interventions (e.g., surgical vs non-surgical ACL treatment).
However, generic PROMs tend to be less responsive (i.e., able to detect change over time) and
more prone to ceiling effects than condition-specific PROMs.%” Examples of commonly used
generic HRQoL PROMs include the EuroQol-5D-5L (EQ-5D-5L)% and the Medical Outcomes
Study 36-Item Short-Form Health Survey (SF-36).%

Conversely, condition-specific PROMs provide a more nuanced assessment of HRQoL relative
to a particular health condition or disease. Condition-specific PROMs are developed to be
responsive or capable of measuring small, meaningful changes in HRQoL for a specific
population.®” The main limitation of condition-specific PROMs is the inability to compare
HRQoL across patient groups or conditions. “Knee-specific HRQoL” or “knee-related QOL” is
the condition-specific HRQoL of interest for individuals with a sport-related knee injury and
refers to one’s perception of their knee health. The Knee injury and Osteoarthritis Outcome
Score (KOOS) knee-related QOL subscale’® and Anterior Cruciate Ligament Quality of Life
(ACL QOL) questionnaire’! are the most widely used knee-specific HRQoL PROM:s.

1.4.2 Selecting Health-Related Quality of Life Patient-Reported Outcome Measures
Selecting generic and/or condition-specific HRQoL PROMs should be based on the robustness
of measurement properties (i.e., validity, reliability, and responsiveness), interpretability (i.e.,

ability to produce meaningful findings), and feasibility (i.e., easy to use; Table 1.2).7>7*



Table 1.2: Definitions of Measurement Properties

Domain Measurement Property Definition
Validity The degree to which a PROM assesses the construct(s)
it intends to measure
Content validity The degree to which the content of a PROM reflects the

construct to be measured (i.e., is relevant,
comprehensive, and comprehensible)

Structural validity The degree to which the scores of a PROM adequately
reflect the dimensionality of the construct to be
measured

Cross-cultural validity The degree to which the performance of items on a

translated or culturally adapted PROM adequately
reflect the performance of items on the original version

Construct validity The degree to which the scores of a PROM are
consistent with hypotheses, based on the assumption
that the PROM validly measures the construct to be
measured (e.g., scores of a generic HRQoL PROM
hypothesized to have high positive correlation with
scores of another generic HRQoL PROM)

Criterion validity The degree to which scores of a PROM adequately
reflect a gold standard
Reliability The degree to which a PROM is free from measurement
error
Reproducibility The extent to which scores for patients who have not

changed are the same for repeated measurements over
time (test-retest reliability), by different persons on the
same occasion (inter-rater reliability), or by the same
person (intra-rater reliability)

Internal consistency The degree of interrelatedness among items of a PROM

Reliability (test-retest) The proportion of total variance in measurements that is
due to “true” differences between individuals

Measurement error The systematic and random error of an individual’s

score that is not attributed to true chances in the
construct to be measured

Responsiveness The ability of a PROM to detect change over time in the
construct to be measured
Interpretability® The degree to which one can assign qualitative meaning

(i.e., clinical or commonly understood connotations) to
a PROM’s scores or change in scores

Feasibility® The ease of application of a PROM 1in its intended
setting given various constraints (e.g., time, money)

Adapted from the COSMIN User Manual’>7> and Mokkink et al. (2010)7°
3An important characteristic of a PROM but not considered a measurement property

HRQoL, health-related quality of life; PROM, patient-reported outcome measure



Understanding the robustness of a PROM’s measurement properties involves rating
methodological quality, critically appraising the results, and synthesizing the findings of
individual studies that have evaluated that PROM. The COnsensus-based Standards for the
selection of health Measurement INstruments (COSMIN) initiative has created evidence-based
tools, the 2018 COSMIN Risk of Bias checklist’? and the criteria for good measurement

properties,’> 7> 77- 78 to facilitate the evaluation of validity, reliability, and responsiveness.

According to the COSMIN group, there is a hierarchy of measurement properties. Content
validity is the most important measurement property as it reflects how relevant, comprehensive,
and comprehensible a PROM is to a target population.”* 7® The second most important properties
are internal consistency, structural validity, and cross-cultural validity (if applicable) which
represent the internal structure of a PROM, including how items are related and organized into
subscales.”® " As per the COSMIN Manual for Systematic Reviews of Patient-Reported
Outcome Measures,’*’* a suitable HRQoL PROM should possess sufficient content validity and

internal consistency to accurately measure HRQoL.

No tools exist to rate interpretability or feasibility of PROMs, but a set of desired characteristics
are listed in the COSMIN Manual for Systematic Reviews of PROMs.’*7* Indicators of good
interpretability include providing information on score distributions (e.g., floor and ceiling
effects) and meaningful thresholds [e.g., minimal important change (MIC), minimal important
difference (MID)].”>7* Having MIC (i.e., average individual change in score over time within a
group that is considered minimally important’®8°) and MID (i.e., difference in mean change
scores over time between 2 groups that is considered minimally important®®) values is extremely
helpful for determining if changes in PROM scores over time are important to patients.
Indicators of good feasibility include providing information about PROM completion (e.g., time
to complete, required physical or mental abilities), administration (e.g., time to score, ease of

scoring), and accessibility (e.g., copyright, costs).”>7*

1.4.3 Measuring Health-Related Quality of Life of Active Youth
Special considerations must be taken when measuring HRQoL in unique populations, such as

youth and, more specifically, active youth. Interviews and focus groups with youth have

10



identified that some factors (e.g., mental health) that contribute to HRQoL overlap between
youth and adult populations while others are unique to youth (e.g., supportive parents, quality of
education).?! It is also well-documented that high school and collegiate athletes report better
generic HRQoL compared to non-athletes.®? 33 Given these distinctions, it is important to use
PROMs that have been developed for or validated in active youth populations when measuring

their HRQoL.

1.5 HEALTH-RELATED QUALITY OF LIFE AFTER A SPORT-RELATED KNEE
INJURY

Individuals who have a sport-related knee injury and encounter any associated physical,

psychological, and/or social health consequences are likely to experience some decline in

HRQoL. Similar to other outcomes, most of the evidence that exists related to HRQoL after a

knee injury is based on within-group comparisons of individuals with an ACL rupture or ACLR.

Few studies have compared generic or knee-specific HRQoL outcomes with uninjured controls

or population norms nor considered injuries beyond ACL ruptures.

The following sections and Figure 1.2 summarize what is known about generic and knee-
specific HRQoL following a sport-related knee injury when compared to uninjured controls or
population norms and organized by life stage (youth vs. adult) and time since injury or surgery.

Additional information is provided in Appendices C and D for youth and adults, respectively.
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Figure 1.2: KOOS QOL Subscale Scores for Youth Cohorts with a Sport-Related Knee Injury

This figure represents data from studies that compared the Knee injury and Osteoarthritis Outcome Score QOL
subscale (KOOS QOL) between youth with and without a sport-related knee injury and found statistically
significant between-group differences in mean or median scores (0-100). Active youth normative values were
obtained from Cameron et al. (2013).34

One study did not find significant differences in KOOS QOL scores at mean follow-up of 5.9 years between
professional male soccer players who underwent an ACLR in their youth and a healthy control group of
professional soccer players.®

1.5.1 Youth Health-Related Quality of Life after a Sport-Related Knee Injury

There is a paucity of studies comparing short- (0-2 years since injury) and medium-term (2-5
years) generic HRQoL following a youth sport-related knee injury. However, several studies
have reported that over the long-term (=5 years), youth who experience an ACL rupture or

ACLR demonstrate similar generic HRQoL outcomes as uninjured controls.>> 8587
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With respect to knee-specific HRQoL, youth who undergo an ACLR report poorer knee-specific
HRQoL in the short-,2*2% 3¢ medium-,>* 2> 22 and long-term>-% 37 after ACLR compared to
uninjured controls. Specifically, it appears that short-term deficits in knee-specific HRQoL
improve over the medium-term before declining again in the long-term (Figure 1.2). In contrast,
1 study reported no differences in long-term knee-specific HRQoL between professional male
soccer players who had an ACLR in their youth and those who did not.*> Beyond ACL ruptures,
reduced knee-specific HRQoL is evident following a wide range of sport-related knee injuries at

3-10 years post-injury.??

1.5.2 Adult Health-Related Quality of Life after a Sport-Related Knee Injury

Adults with an ACL rupture or ACLR demonstrate short-term deficits in generic HRQoL*® that
are no longer detected in the medium- and long-term in comparison to uninjured controls.*® 909!
Two systematic reviews including both youth and adults with an ACL rupture or ACLR also
describe no differences in long-term generic HRQoL.”*** Interestingly, a third systematic review
reports lower physical domain scores of generic HRQoL over the long-term following a youth or
adult ACL rupture or ACLR.™

45.46.95 and long-term®

Adults who experience an ACL rupture or ACLR demonstrate medium-
deficits in knee-specific HRQoL compared to uninjured controls. Similarly, adults who
experience a meniscus injury or surgery (meniscectomy or meniscal repair) report lower short-"

and medium-term*’ knee-specific HRQoL than controls.

1.6 FACTORS ASSOCIATED WITH YOUTH HEALTH-RELATED QUALITY OF
LIFE
Our ability to optimize generic and knee-specific HRQoL after a youth sport-related knee injury
is contingent on knowing who experiences lower HRQoL (i.e., target population), identifying
modifiable determinants of HRQoL (i.e., treatment targets), and implementing interventions that
mitigate these modifiable determinants (i.e., treatments). This requires us to understand what
factors have independent relationships with HRQoL (i.e., determinants). Non-modifiable
determinants (e.g., sex) point to target populations while modifiable determinants (e.g., knee

muscle strength) point to treatment targets and can inform actual treatments. Furthermore, we
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must understand what factors are independently associated with HRQoL and/or youth sport-
related knee injuries and may modify or confound this relationship. This information will
determine if it is necessary to stratify our reporting of the relationship between injury and

HRQoL (effect modifier) or adjust our analyses (confounder).

The following sections and Table 1.3 provide information about potential determinants of youth
generic and knee-specific HRQoL. It is important to note that many of the studies that have
assessed these factors as it relates to knee-specific HRQoL in this population are subject to
selection bias due to convenience sampling and sample sizes. Therefore, this information should

be interpreted with caution.
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Table 1.3: Summary of Potential Determinants of Generic and Knee-Specific Health-Related
Quality of Life in Youth with Direction of Association and Level of Supporting Evidence

Potential Determinant Generic HRQoL Knee-Specific HRQoL
Structural factors®
Socioeconomic status + ?
Healthcare accessibility and literacy 3 ?
Education 4 ?
Demographic factors
Age = =
Sex/gender® - X
Sport participation 3 ?
General health outcomes
Pain — ?
Physical activity 4 ?
Muscle strength ? ?
Weight status® 4 ?
Social support 4 ?
Knee injury-related outcomes
Knee pain and symptoms ?
Physical inactivity ? =
Knee muscle weakness ? ?
Obesity ? —
Kinesiophobia ? =
Social isolation ? ?
Injury type ? ?

Associations are positive (+), negative (—), unknown (?), or no association (x)

Shading indicates Levels of Evidence as per the Oxford Centre for Evidence-Based Medicine 2011 for
prognostic studies:”’ Level 1, systematic reviews of inception cohort studies (blue); level 2, inception cohort

studies (yellow); level 3, cohort study or control arm of a randomized trial (orange), level 4, case-series, case-
control, or poor quality prospective cohort study (red). Lastly, qualitative studies are shaded in purple. Studies

are described in greater detail in sections 1.6.1 to 1.6.4.

aDefined as “fundamental structures of the nation state that generate social stratification” and include national
wealth, income inequality, educational status, sexual or gender norms, or ethnic groups as per Viner et al.

(2012).%8
PReference = female/girl
“Reference = healthy weight

HRQoL, health-related quality of life

1.6.1 Structural Factors

Structural factors represent “fundamental structures of the nation state that generate social

stratification.”® Structural factors that are associated with generic HRQoL in youth populations

include socioeconomic status,”® ' healthcare access and literacy,'®! and education.?!:*® How
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these factors mediate the relationship between a sport-related knee injury and youth HRQoL is

unknown.

1.6.2 Demographic Factors
Demographic factors are characteristics that describe a population. Age, sex, and sport

participation are demographic factors that have been associated with HRQoL in youth.

1.6.2.1 Age
Increasing age is associated with reduced generic HRQoL in youth!® as well as reduced knee-
specific HRQoL in youth who undergo an ACLR.!%1% Youth also have an elevated risk of

experiencing a sport-related knee injury compared to adults.!'

1.6.2.2 Sex
Females report worse generic HRQoL!® than males. In contrast, sex does not appear to be
associated with knee-specific HRQoL following an ACL rupture or ACLR.%% 93196197 Females

also demonstrate a higher risk of ACL ruptures than males.!'%

1.6.2.3 Sport Participation

Sport participation is positively associated with generic HRQoL in primary,'?” secondary,'%- 110
and university students.!!! However, the impact of sport participation on knee-specific HRQoL is
less clear. Playing sports and recreational activities that require frequent cutting, pivoting, and

jumping (e.g., soccer, basketball) is a known risk factor for ACL ruptures.'!?

1.6.3 General Health Outcomes
General health outcomes, such as pain, physical activity, muscle strength, weight status, and
social support, are linked with HRQoL in uninjured youth. Specifically, the presence of pain''>:

115,116 ;

is negatively associated with generic HRQoL, whereas physical activity''”:

114 and obesity
118 and social support®® !'” are positively associated with it. There is also preliminary evidence
that strength training is associated with increased generic HRQoL in adolescents with obesity.'*

How these general health outcomes impact knee-specific HRQoL in youth is unknown.
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1.6.4 Knee Injury-Related Outcomes

Common consequences of youth sport-related knee injuries that are potential determinants of
HRQoL include knee pain and symptoms, physical inactivity, knee muscle weakness, obesity,
kinesiophobia, and social isolation. Additionally, different injury types may have different

relationships with HRQoL.

Greater kinesiophobia®® and higher body mass index (BMI)!** are negatively associated with
knee-specific HRQoL at 3 and 10 years following ACLR, respectively. Increased knee pain and
other symptoms are also negatively associated with knee-specific HRQoL 3-10 years following
any sport-related knee injury.'?! Physical activity does not appear to be associated with knee-
specific HRQoL in the first 1-2 years following an ACLR'*? or 3-12 years following any knee

injury.*’

The influence of knee muscle weakness and social isolation on knee-specific HRQoL has not
been assessed in youth populations. We also lack evidence of how any of these common injury

consequences influence generic HRQoL.

Knee injuries that involve lengthy rehabilitation (>6 months) and possible surgery (e.g., ACL
rupture, meniscus tear) may be associated with lower generic and knee-specific HRQoL than
other injuries (e.g., MCL sprain, bony contusion). No studies to date have assessed the influence

of injury type on generic or knee-specific HRQoL.

1.7 THE RELATIONSHIP BETWEEN GENERIC AND KNEE-SPECIFIC HEALTH-
RELATED QUALITY OF LIFE

The strength and direction of the relationship between generic and knee-specific HRQoL has not
been previously examined. Theoretically, reduced generic HRQoL may lead to reduced knee-
specific HRQoL through determinants such as lower socioeconomic status and decreased access
to healthcare. Conversely, reduced knee-specific HRQoL may trigger reduced generic HRQoL
through determinants such as increased knee pain and other symptoms or lower physical activity

levels.
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1.8 KNOWLEDGE GAPS
To improve our understanding of the impact of sport-related knee injuries on HRQoL in active
youth and move toward strategies to optimize HRQoL in this age group, we must:
e Identify robust (i.e., valid, reliable, responsive, interpretable, and feasible) PROMs to
measure and monitor generic and knee-specific HRQoL in active youth.
e Compare changes in generic and knee-specific HRQoL in youth with a wide range of
sport-related knee injuries and uninjured controls over the short- (0-2 years), medium- (2-
5 years), and long-term (=5 years)
e Identify potential determinants of HRQoL following a wide range of youth sport-related

knee injuries

1.9  THESIS RATIONALE

The knee is one of the most commonly injured joints in youth who play sports.®” Experiencing a
sport-related knee injury during this crucial, transitional life stage can have a profound and
lasting effect on one’s physical, psychological, and social health and, ultimately, HRQoL.
Currently, our understanding of how a sport-related knee injury influences youth HRQoL is
mostly derived from individuals with a single injury type — an ACL rupture — despite it only
accounting for 25% of knee injuries.'® Furthermore, our understanding of modifiable and non-

modifiable determinants of HRQoL following a youth sport-related knee injury is limited.

Robust generic and condition-specific HRQoL PROMs can help us establish the burden of youth
sport-related knee injuries and characterize recovery patterns. Identifying factors that are
independently associated with youth HRQoL provides information about who may be most
vulnerable to reduced HRQoL and what potential targets may be included in future treatment
strategies. Poor generic and knee-specific HRQoL following a sport-related knee injury may
impede youth from adopting healthy, active lifestyles that can be maintained throughout

adulthood and add to the growing individual and societal burden of these injuries.

1.10 PURPOSE
The overarching purpose of this thesis is to better understand the HRQoL (generic and condition-

specific) of active youth following a sport-related knee injury and examine the association
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between physical, psychological, and social consequences of injury and HRQoL compared to

uninjured controls.

The specific objectives of this research include:

1. Identifying the most suitable existing PROMs for measuring generic and condition-
specific HRQoL of active youth based on measurement properties, interpretability, and
feasibility.

2. Assessing and comparing generic and knee-specific HRQoL and associated (physical)
health outcomes between active youth with a sport-related knee injury and uninjured
controls of similar age, sex, and sport participation at 3-12-year follow-up.

3. Describing the relationship between injury history and early changes in knee-specific
HRQoL or associated (physical and psychological) health outcomes in active youth with
a sport-related knee injury compared to uninjured controls of similar age, sex, and sport
participation over a 6-month follow-up.

4. Assessing and comparing the relationship between injury history and knee-specific
HRQoL of active youth with a sport-related knee injury and uninjured controls of similar
age, sex, and sport participation and examining the influence of associated (physical,

psychological, and social) health outcomes on this relationship over a 12-month follow-

up.

1.11 THESIS FORMAT
Chapters 2 to 5 represent 4 separate manuscripts that have been published, are under review, or
have been submitted to peer-reviewed journals for publication. Chapter 6 highlights novel

contributions and provides directions for future research and clinical practice.

1.12 CANDIDATE CONTRIBUTIONS

Each study was devised and designed in a collaborative effort by Christina Le and Dr. Jackie
Whittaker. The study in Chapter 3 was also devised and designed by Drs. Jackie Whittaker and
Carolyn Emery. The PhD Candidate, Christina Le, was the primary author for preparing each full
manuscript and her contributions are outlined below. All coauthors contributed to manuscript

revisions and approved the inclusion of the joint work in this doctoral thesis.
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Chapter 2: Le CY, Truong LK, Holt CJ, Filbay SR, Dennett L, Johnson JA, Emery CA,
Whittaker JL. Searching for the holy grail: a systematic review of health-related quality of life
measures for active youth. Journal of Orthopaedic and Sports Physical Therapy.

2021;51(10):478-491. doi: 10.2519/jospt.2021.10412

The Journal of Orthopaedic and Sports Physical Therapy is ranked in the 94" percentile for
physical therapy, sports therapy, and rehabilitation journals.

Candidate contributions: Developed the research question, developed the search strategy with a
librarian scientist, executed the search strategy, reviewed records and selected eligible studies,
extracted data from included studies, evaluated patient-reported outcome measures from
included studies, interpreted the results, drafted the full manuscript, and led manuscript revisions

and responses to reviewers.

This work was presented at:

1. La Trobe Sport and Exercise Medicine Higher Degree Research Student Showcase, La
Trobe University, Melbourne, Australia in October 2020 (oral presentation, online due to
the COVID-19 pandemic)

2. World Physiotherapy Congress in April 2021 (poster presentation, online due to the
COVID-19 pandemic)

3. Canadian Physiotherapy Association Congress in May 2021 (oral presentation, online

due to the COVID-19 pandemic)
For this work, Christina Le was supported by The Arthritis Society Training Graduate PhD
Salary Award (TGP-19-0400; $41 000 awarded over 2019-2021) and Canadian MSK Rehab

Research Network Trainee Award (CIHR FRN: CFI-148081; $5 000 awarded in 2017).

Chapter 3: Le CY, Toomey CM, Emery CA, Whittaker JL. What does the future hold? Health-
related quality of life 3-12 years following a youth sport-related knee injury. International
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https://www.jospt.org/doi/10.2519/jospt.2021.10412

Journal of Environmental Research and Public Health. 2021;18:6877. doi:
10.3390/ijerph18136877 (open access)

The International Journal of Environmental Research and Public Health is ranked in the 751

percentile for public, environmental, and occupation health journals.

Candidate contributions: Developed the research question for previously collected historical
cohort data, cleaned data, cleaned data, planned data analysis with a biostatistician, led data
analysis, synthesized and interpreted the results, drafted the full manuscript, and led manuscript

revisions and responses to reviewers.

This work was presented at:
1. Canadian Arthritis Research Conference in February 2021 (poster presentation, online

due to the COVID-19 pandemic)
Funding for this work is the same as above.
Chapter 4: Le CY, Pajkic A, Losciale JL, Filbay SR, Emery CA, Manns PJ, Whittaker JL.
Comparing short-term knee-specific health-related quality of life and associated health outcomes
between youth with and without a sport-related knee injury. In submission at the Clinical

Journal of Sport Medicine.

The Clinical Journal of Sport Medicine is ranked in the 84" percentile for physical therapy,

sports therapy, and rehabilitation journals.
Candidate contributions: Contributed to ethics renewals and amendments, recruited participants,
scheduled data collection, collected, entered, and cleaned data, planned and led data analysis,

synthesized and interpreted the results, and drafted the full manuscript.

This work was presented at:
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1. Osteoarthritis Research Society International World Congress in April 2021 (oral
presentation, online due to the COVID-19 pandemic)

2. Faculty of Rehabilitation Medicine Research Day in June 2021 (oral presentation, online
due to the COVID-19 pandemic)

3. Canadian Arthritis Research Conference in February 2022 (oral presentation, online due

to the COVID-19 pandemic)

In addition to previously mentioned funding, Christina also received a Speaker Award ($1 000)

for her presentation at the 2022 Canadian Arthritis Research Conference.

Chapter 5: Le CY, Filbay SR, Emery CA, Manns PJ, Whittaker JL. Youth with a sport-related
knee injury exhibit significant and persistent knee-specific health-related quality of life deficits at
12-month follow-up compared to uninjured peers. In submission at the Journal of Orthopaedic &

Sports Physical Therapy.

Candidate contributions: Contributed to ethics renewals and amendments, recruited participants,
scheduled data collection, collected, entered, and cleaned data, planned and led data analysis,

synthesized and interpreted the results, and drafted the full manuscript.

This work was presented at:
1. Osteoarthritis Research Society International World Congress, Berlin, Germany in April
2022 (poster presentation)
2. Arthritis Research Canada Trainee Retreat, Vancouver, Canada in October 2022 (oral

presentation)
In addition to previously mentioned funding, Christina also received a Faculty of Graduate

Studies and Research, University of Alberta Trainee Travel Award ($630) for her presentation at
the 2022 Osteoarthritis Research Society International World Congress.
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CHAPTER 2: SEARCHING FOR THE HOLY GRAIL: A SYSTEMATIC REVIEW OF
HEALTH-RELATED QUALITY OF LIFE MEASURES FOR ACTIVE YOUTH

The information has been peer-reviewed and published as Le CY, Truong LK, Holt CJ, Filbay
SR, Dennett L, Johnson JA, Emery CA, Whittaker JL. Searching for the holy grail: a systematic
review of health-related quality of life measures for active youth. Journal of Orthopaedic and

Sports Physical Therapy. 2021;51(10):478-491. doi: 10.2519/jospt.2021.10412.

The original publication can be found in Appendix E. Minor revisions have been made to the
wording (e.g., “young people” replaced with “youth”) and formatting to remain consistent with

the other chapters.

Publication metrics: 335 full-text downloads, 1 citation

Current evidence indicates active youth have unique HRQoL, yet many PROMs used to measure
HRQoL of active youth were not originally developed for this population. To accurately assess
the HRQoL of active youth, PROMs should possess sufficient measurement properties,
interpretability, and feasibility. This chapter summarizes the search for suitable existing generic

and condition-specific HRQoL PROMs for active youth.

32



ABSTRACT
Objective: To identify the most suitable existing PROMS for measuring generic and condition-
specific of active youth with and without a musculoskeletal injury based on measurement

properties, interpretability, and feasibility.

Study Design: Systematic review conducted and reported according to the COSMIN User
Manual for systematic reviews of PROMs and PRISMA guidelines, respectively.

Methods: We searched MEDLINE, Embase, CINAHL, SPORTDiscus, PsycINFO, and Scopus
from inception to April 30, 2020. Records with original data describing the evaluation of a
PROM or PROM subscale in active youth (15-24 years old) with or without a musculoskeletal
injury were included. Non-English studies and those including individuals with a cognitive,
developmental, or systemic condition were excluded. The COSMIN User Manual guided our

measurement property evaluation and interpretability and feasibility description.

Results: Of 6931 potential records, 21 studies were included. Eleven generic and 7 condition-
specific PROMs were identified. No PROM received a final COSMIN recommendation of "A,"
because all lacked sufficient content validity. The 8-item Disablement in the Physically Active
scale-mental summary component Short Form (DPA-MSC SF-8), Quality of Life Survey, and
Functional Arm Scale for Throwers (FAST) were the most suitable existing PROMs, given their

high-quality evidence of sufficient structural validity and internal consistency.

Conclusion: No definitively robust PROM for measuring generic or condition-specific HRQoL
of active youth was identified. Until one exists, we recommend selecting the DPA-MSC SF-8§,
the Quality of Life Survey, or the FAST and applying mixed methods to best characterize the
HRQoL of active youth.
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2.1 INTRODUCTION

Health-related quality of life encompasses the physical, psychological, and social domains of
health. It is influenced by an individual’s perceptions, experiences, expectations, beliefs,! and
environment.> Determinants of HRQoL that may be most relevant to youth include participating
in sports,® having supportive parents,' and receiving a good education.! Youth athletes report
higher HRQoL compared to non-athletes.>* Youth who participate in sports and recreational
activities may experience greater physical (e.g., increased fitness), psychological (e.g., increased
autonomy), and social (e.g., established feelings of community) health benefits than those who
do not.>7 Active youth may also report higher HRQoL, given the association between

socioeconomic status and sports participation.®

Despite the many benefits of sports participation,’!'? active youth (15-24 years old)!*"!° face an
increased risk of musculoskeletal injury.'® 7 Sport-related injuries are associated with long-term
consequences and can negatively impact HRQoL.!8! Youth athletes who experience a sport-

related injury report lower HRQoL compared to uninjured peers,* 22

even after returning to
sport.®> A better understanding of how youth HRQoL changes after a sport-related injury may

identify which health domains are most affected and guide patient-centred care.

Patient-reported outcome measures provide the patient’s perspective of their health and can
inform individual care.>* Both generic and condition-specific PROMs are needed to build a
complete picture of the HRQoL of active youth.?* To accurately measure and monitor changes in
HRQoL and evaluate an intervention’s effectiveness following injury, a PROM must
demonstrate acceptable content validity (i.e., relevant, comprehensive, and comprehensible to
active youths).?®2” A PROM should be psychometrically robust (i.e., valid, reliable, and

responsive), easy to interpret, and feasible to use in clinical and research settings.

2.1.1 Objective

Previous research aimed at understanding the HRQoL of active youth has relied heavily on
PROMs developed in adult populations. Important information about the HRQoL of active youth
and its determinants may have been missed or misunderstood. The objective of our systematic

review was to identify the most suitable existing PROMS for measuring generic and condition-
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specific of active youth with or without a musculoskeletal injury based on measurement

properties, interpretability, and feasibility.

2.2  METHODS

This review was registered in the PROSPERO database (CRD42019123282), conducted
according to the COnsensus-based Standards for the selection of health Measurement
INstruments (COSMIN) Manual for Systematic Reviews of PROMs (version 1.0, 2018),2°2?° and
reported following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.*® The COSMIN Manual®®?’ is an internationally accepted guideline
designed for systematic reviews examining PROMs.?*2® It provides steps to rigorously evaluate
measurement properties of PROMs which leads to identifying the most robust PROM(s) for a

specific purpose.?’

2.2.1 Information Sources and Search

Eligible records were identified by searching 6 online databases — MEDLINE (Ovid), Embase
(Ovid), CINAHL Plus with Full Text (EBSCOhost), SPORTDiscus (EBSCOhost), PsycINFO
(Ovid), and Scopus — from inception to April 30, 2020. Medical subject headings and key words
were selected to capture the constructs of youth, physical activity, HRQoL, PROMs, and
measurement properties. The final search strategy was determined in collaboration with a health
sciences librarian scientist (L.D.) (Appendix F). Reference lists of included studies were hand

searched for relevant records.

2.2.2 Eligibility Criteria

Records reporting original data about the HRQoL of active youth with or without a
musculoskeletal injury and describing the development of a PROM or evaluation of at least 1
measurement property of a generic or condition-specific HRQoL PROM or PROM subscale
were included. Generic HRQoL PROMs assessing overall HRQoL may be used to compare
groups who differ in demographics, medical condition, or healthcare intervention received.
Condition-specific HRQoL PROMs pertain to a particular patient population or health condition.
The term active youth indicated a sample of individuals with a mean or median age of 15 to 24

years'? who were identified as recreational, competitive, or elite athletes or individuals who
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regularly participated in light to vigorous physical activity. For the latter, authors had to report
on minutes of physical activity per week or enrollment in physical education or fitness classes.
Non-English records and those including nonhuman participants or individuals with a cognitive
(e.g., brain injury), developmental (e.g., developmental delay), or systemic (e.g., diabetes,
cancer) condition were excluded. Conference abstracts, editorials, commentaries, reviews, case

series, case studies, and grey literature were also excluded.

2.2.3 Study Selection

Records were organized using reference management software (EndNote X8.2, Clarivate
Analytics, Philadelphia, PA). After removing duplicates, titles and corresponding abstracts were
independently reviewed by pairs of 2 reviewers (C.L. and L.T., C.H., S.F., Wasim Labban., or
J.W.) blinded to the record author(s) and journal title using an Excel (Microsoft Corporation,
Redmond, WA) workbook designed specifically for screening.’!

Prior to title/abstract screening, all reviewers independently screened a random sample of 120
records to assess the applicability of the exclusion criteria. The agreement between reviewers and
the senior author (J.W.) on these 120 records ranged between 69% and 83% (Cohen’s x = 0.28-
0.66). Discrepancies were discussed and exclusion criteria clarified before title/abstract screening

began in full.

If a record title of interest was found but the abstract was unavailable, the full text was retrieved
to ensure potentially relevant studies were not missed. The full texts of relevant records were
independently reviewed by 2 reviewers to determine final study selection. The senior author
(J.W.) mediated any disagreements at all stages when primary reviewers could not reach
consensus. If multiple records reported on the same measurement property from the same study,

we included the first published record.

2.2.4 Data Extraction
Data extraction followed recommendations from the COSMIN User Manual®®? and included
study characteristics (e.g., sample size, mean or median age, sex), PROM characteristics (e.g.,

target population, number of subscales and items, scoring), and information about measurement
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properties, interpretability, and feasibility (as described below). Initial data extraction was
completed by the lead author (C.L.) then independently verified by a second reviewer.
Disagreements were resolved by consensus or by the senior author (J.W.). Study authors were

contacted for missing data or clarification as needed.

2.2.5 Measurement Property Evaluation
As per the COSMIN User Manual,?%%° the evaluation of each measurement property (see Table
1.2 for definitions) of included PROMs involved 4 steps outlined below (Figure 2.1). A

hypothetical example of the evaluation process can be found in Appendix G.

2.2.5.1 Evaluate the Methodological Quality of Measurement Properties by Individual Study
First, we evaluated the methodological quality of individual studies that assessed a measurement
property, using the COSMIN risk-of-bias checklist.?** Checklist items were graded as “very
good,” “adequate,” “doubtful,” and “inadequate” and the final rating for the methodological
quality of a measurement property was determined by taking the lowest rating of any item

assessing that property (i.e., “the worst score counts’?6-2),

2.2.5.2 Rate the Results of Measurement Properties by Individual Study

Second, we rated the result of individual studies that estimated a measurement property by
applying the criteria for good measurement properties (Appendix H).2%2% 3233 A rating of
“sufficient (+),” “insufficient (-),” “inconsistent (£),” or “indeterminate (?)” was assigned to

each measurement property.

2.2.5.3 Summarize the Evidence for Measurement Properties by PROM

Third, we qualitatively summarized the evidence for a measurement property of a PROM across
studies (as appropriate) and rated the summarized results by applying the criteria for good
measurement properties.?*2% 3233 An overall rating of sufficient was assigned if at least 75% of
the results were sufficient.?6?° In the case of inconsistent results across studies, we re-examined
each study for sample heterogeneity. If sample heterogeneity existed, we provided an overall
rating for each subgroup (i.e., sex, sport type, competition level). If no heterogeneity was found,

the measurement property received an overall rating of inconsistent.
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PROM Evaluation and Selection Process

Evaluation Tool

1. Evaluate the methodological
quality of individual studies that

assessed a measurement property

\ ¢

Dietermine which measurement properties
were assessed

Evaluate the methodological quality of each
measurement property using the COSMIN
Risk of Bias checklist

COSMIN Risk of Bias checklist®
Possible outcomes:

* Very good

* Adequate

+ Doubtful

* Inadequate

2. Rate the result of individual
studies that estimated a
measurement property

}

Extract data on the results of
measurement properties

Rate the result against the criteria for
good measurement properties

studies reported on the same

3. Summarize the evidence for a
measurement property if multiple

FROM

Summarize results of a measurement
property across studies

If there were inconsistent results, re-
examine each study for sample
heterogeneity

Rate the overall result of the
measurement properties against the
criteria for good measurement
properties

Criteria for good measurement
properties”

Possible outcomes:

+ Sufficient (+)

+ Insufficient ()

+ Inconsistent ()

+ Indeterminate (7)

Criteria for good measurement
properties"

Possible outcomes:

+ Sufficient (+)

+ Insufficient (<)

+ Inconsistent ()

+ Indeterminate (7)

4. Grade the quality of evidence
for a measurement property for

Grade the quality of evidence using a
modified GRADE approach

each PROM

Modified GRADE approach®
Possible outcomes:

+ High

* Moderate

+ Low

* Very low

3. Describe characteristics of

each PROM

interpretability and feasibility for

}

Describe interpretability (distribution
of scores, percentage of missing items,
floor and ceiling effects, minimal
important change, response shift)
Deescribe feasibility (patient and/or
clinician comprehensibility, time to
completion, cost of use)

for each PROM

6. Assign a final recommendation

Categorize each PROM according to
the quality of evidence of their
measurement properties,
interpretability, and feasibility

Final Recommendation Category®
Possible outcomes:

+ A (evidence of sufficient content
validity and at least low-quality
evidence of sufficient internal
consistency)®

* Binot A or C)

+ C (high-quality evidence of any
insufficient measurement property)

Figure 2.1: Patient-Reported Outcome Measure Evaluation and Selection Process

As recommended and adapted from the COSMIN User Manual.?6-%
aReferences from the COSMIN User Manual?¢-?

YReferences from the COSMIN User Manual,?*?° Prinsen et al. (2016),3? and Terwee et al. (2007)>
°The instrument(s) with a final recommendation of ‘A’ and acceptable interpretability and feasibility were deemed

the most suitable PROM(s)
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2.2.5.4 Grade the Quality of Evidence for Measurement Properties by PROM

Fourth, we graded the quality of the evidence for each PROM measurement property as “high,”
“moderate,” “low,” or “very low” using a modified Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach (Appendix I).26* The quality of evidence
referred to the confidence that the overall results and ratings for each measurement property were
trustworthy. As per the GRADE approach, the evidence was assumed to be high quality and
possibly downgraded, based on 4 factors: 1) risk of bias (methodological quality of the studies),
2) inconsistency (inconsistency of summarized results), 3) imprecision (total sample size across
studies), and 4) indirectness (inclusion of individuals beyond target population, for example,

participants aged older than 24 years despite sample mean age of 18 years).?6-%

2.2.6 HRQoL PROM Selection

2.2.6.1 Description of Interpretability and Feasibility

As no scoring scales exist for rating PROM interpretability or feasibility, we described
characteristics of interpretability (distribution of scores, percentage of missing items, floor and
ceiling effects, minimal important change, and response shift) and feasibility (patient and/or
clinician comprehensibility, completion time, and cost of use) as outlined in the COSMIN User
Manual.?$?” Instruments containing information that would help clinicians and researchers

interpret scores and minimize barriers for use in real-world settings were considered ideal.

2.2.6.2 Final Recommendation

All identified HRQoL PROMs were given a final recommendation of “A” (evidence for
sufficient content validity and at least low-quality evidence for sufficient internal consistency),
“B” (neither “A” nor “C”), or “C” (high-quality evidence for any insufficient measurement
property), as per the COSMIN User Manual.?6* The emphasis on content validity and internal
consistency in the final recommendation reflects the importance of a PROM’s relevance,
comprehensiveness, and comprehensibility to a target population as well as its internal structure,
respectively.?*?° Instruments categorized as “A” that had acceptable interpretability and

feasibility were deemed the most suitable HRQoL PROMs.
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2.3  RESULTS

2.3.1 Study Selection

Of 6931 records, 1834 duplicates were removed, 5097 unique records underwent title/abstract

screening, 635 records were reviewed in full, and 21 studies were included in the analysis

(Figure 2.2). We attempted to contact authors of 9 studies via e-mail to clarify sample

characteristics and determine eligibility. Of the 9 studies, 1 was included and 8 were excluded (3

authors provided information proving that their study was ineligible due to age or activity level

and 5 authors failed to respond after 2 attempts to contact over 30 days).

MEDLINE=1014
EMBASE=1863
CINAHL=1238
SPORTDiscus=1015
PsycINFO=505
Scopus=1290

| IDENTIFICATION |

| INCLUDED | | REVIEWING | | SCREENING |

A 4

Records identified
through databases
n=6925

Additional records
identified through other
sources
n=6

Total records identified
n=6931

A

A

Total records screened by
titles/abstracts
n=5097

A 4

Duplicates
n=1834

A

A

Total full-text ai

n=635

rticles reviewed

Records excluded
n=4462

Not English, n=0
Not human, n=15

Study design, n=385

Not appropriate condition, n=1559
Not youth, n=525
Not active, n=20
No HRQoL instrument, n=1958

A

A

Total articles meeting eligibility
criteria
n=21

Figure 2.2: PRISMA Flow Chart

A 4

Records excluded
n=614
Not English, n=39
Study design, n=66
Not appropriate condition, n=6
Not youth, n=272
Not active, n=95
No HRQoL instrument, n=59
No measurement properties, n=71
Unavailable=6
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We identified 18 HRQoL PROMs across 21 included studies, including 11 generic?* 3 and 7
condition-specific*®>* PROMs. Eight generic and 5 condition-specific HRQoL PROMs were
assessed in only 1 study. An overview of the studies, including the HRQoL PROM(s) evaluated
and study sample characteristics, can be found in Table 2.1. Studies were published between
2007 and 2020 and included participants from 5 countries (United States,?3 34-40- 43, 44, 46-48, 51-53
Australia,**° Brazil,* Croatia,*! and Norway*?). Competitive athletes (professional, collegiate,

23,34,36,47,49, 51, 52

or high school athletes) were assessed in 7 studies recreational athletes in 9

38, 39, 41-45, 50, 53 35,37, 40,46, 48 Ten

studies, or both competitive and recreational athletes in 5 studies.

studies examined uninjured active youth,?* 3% 4147:52 7 stydies examined active youth with a

35, 36, 39, 40, 50, 51, 53 h 37,38, 48,49

musculoskeletal injury, and 4 studies examined bot
2.3.2 Generic HRQoL Instruments

Eleven generic HRQoL PROMs were evaluated in 13 of 21 included studies (62%).2* 3+ These
included the Athlete Life Quality Scale (ALQS),** Disablement in the Physically Active scale-
mental summary component (DPA-MSC),*-* 10-item Disablement in the Physically Active
scale-mental summary component Short Form (DPA-MSC SF-10),*7 8-item Disablement in the
Physically Active scale-mental summary component Short Form (DPA-MSC SF-8),%” 52-item
KIDSCREEN questionnaire (KIDSCREEN-52),*! 10-item KIDSCREEN index (KIDSCREEN-
10),** and Pediatric Quality of Life Inventory (PedsQL),* Quality of Life (QoL) Survey,*
Medical Outcomes Study 36-Item Short-Form (SF-36),%** Medical Outcomes Study 12-Item
Short-Form (SF-12),*’ and World Health Organization Quality of Life instrument-abbreviated
version (WHOQOL-BREF).* %> An overview of these generic HRQoL instruments is found in
Appendix J. Three generic HRQoL PROMs were a subscale of a larger instrument, whereas 8
generic HRQoL PROMs were multidimensional, consisting of subscales that encompassed
various health domains. Higher scores indicated better outcomes on all PROMs except for the

DPA-MSC and its short-forms. All studies used self-completed administration (i.e., no proxy).
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2.3.2.1 Content Validity

Two studies** ¥ described the development of the ALQS and DPA-MSC (Appendix K). The
ALQS* had very low-quality evidence for insufficient content validity because it did not address
relevance, comprehensiveness, or comprehensibility in a sample of uninjured collegiate athletes
(Appendix M). The development of the DPA-MSC™® included qualitative interviews with
injured competitive and recreational youth athletes but it was unclear if the athletes were asked
about comprehensiveness or comprehensibility; therefore, it was rated as low-quality evidence

for inconsistent content validity.

2.3.2.2 Structural Validity

Six studies**37- 414 assessed the structural validity of 6 PROMs. The DPA-MSC was
investigated across 3 studies.>>” In 1 study including injured active youth,* the DPA-MSC
possessed high-quality evidence for insufficient structural validity; however, in studies with
uninjured active youth® or both injured and uninjured active youth,*’ its structural validity was
indeterminate. The DPA-MSC SF-10°’, DPA-MSC SF-8,3” KIDSCREEN-52,*! and QoL
Survey** demonstrated moderate- or high-quality evidence for sufficient structural validity. The

ALQS** demonstrated indeterminate structural validity.

2.3.2.3 Internal Consistency

Twelve studies?® *+3% 414 investigated the internal consistency of 10 PROMs. The DPA-MSC
SF-10,” DPA-MSC SF-8,>” and KIDSCREEN-52,*" and QoL Survey** had high-quality
evidence for sufficient internal consistency. The ALQS,** PedsQL,* SF-36,%** and WHOQOL-
BREF* had indeterminate ratings, as they lacked sufficient structural validity in active youth.
The DPA-MSC had very low-quality evidence for insufficient internal consistency in injured
active youth®>*° but indeterminate findings in uninjured active youth*® and in both injured and
uninjured active youth.*® The WHOQOL-BREF findings from 1 study* were not included in the

qualitative summary due to poor overall study quality.

2.3.2.4 Test-Retest Reliability
Two studies®> * examined the test-retest reliability of the 3 PROMs. The DPA-MSC?*

demonstrated very low-quality evidence for sufficient reliability due to imprecision (i.e., sample
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size fewer than 50), the QoL Survey** had moderate-quality evidence for sufficient reliability,

and the SF-36* had indeterminate reliability.

2.3.2.5 Construct Validity

Four studies evaluated the construct (convergent) validity of the DPA-MSC,*® PedsQL,* QoL
survey,** and SF-12*" compared to generic HRQoL, life satisfaction, physical functioning,
physical activity, self-efficacy, and/or social support. All studies had indeterminate results

because no a-priori hypotheses were provided.

2.3.2.6 Criterion Validity

Two studies® *® evaluated the criterion validity of the DPA-MSC. The DPA-MSC demonstrated
very low-quality evidence for sufficient criterion validity with a single global functioning item in
injured active youth,*® and high-quality evidence for insufficient criterion validity with the DPA

total score in uninjured active youth.*¢

2.3.2.7 Responsiveness
One study* assessed the responsiveness of the DPA-MSC. The DPA-MSC?* possessed low-
quality evidence for sufficient responsiveness in active youth with an acute or persistent

musculoskeletal injury.

2.3.2.8 Other Measurement Properties
No included studies assessed measurement error or cross-cultural validity (i.e., validity across

ethnicities, languages, sexes, ages, or patient groups) of generic HRQoL PROMs.

2.3.2.9 Interpretability and Feasibility

Interpretability and feasibility characteristics for generic HRQoL PROMs are outlined in
Appendices N and O. The minimal important change (MIC) for the DPA-MSC* was estimated
to be 9 points for youth with an acute musculoskeletal injury and 6 points for youth with a

persistent musculoskeletal injury, using anchor-based methods. The SF-362% 4

was reported to
have a MIC of 10 points for domain scores and 5 points for summary component scores. The

KIDSCREEN questionnaires (for commercial use), PedsQL, and SF-12 had a user fee.
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2.3.2.10 Final Recommendation

All generic HRQoL PROMs except the DPA-MSC were given a final recommendation of “B”
because none provided evidence for sufficient content validity in active youth (Table 2.2). The
DPA-MSC was assigned a final recommendation of “C” due to high-quality evidence for
insufficient structural validity®® and criterion validity.*® The DPA-MSC SF-10, DPA-MSC SF-8,
and QoL Survey had high-quality evidence for sufficient structural validity and internal
consistency, and the QoL survey also had moderate-quality evidence for sufficient test-retest
reliability. With other generic instruments having indeterminate or inconsistent measurement
properties, the DPA-MSC SF-10, DPA-MSC SF-8, and QoL survey were considered the most
suitable existing generic HRQoL PROMs for active youth.

2.3.3 Condition-Specific HRQoL Instruments

Seven condition-specific HRQoL PROMs were evaluated in 8 of 21 studies (38%).%>3 An
overview of these instruments is found in Appendix J. Two PROMs were specific to the upper
extremity [Functional Arm Scale for Throwers (FAST)**® and Pediatric/Adolescent Shoulder
Survey (PASS)**], 4 to the hip [Copenhagen Hip and Groin Outcome Score hip-related quality of
life (HAGOS QOL) subscale,**->° Hip dysfunction and Osteoarthritis Outcome Score hip-related
quality of life (HOOS QOL) subscale,® 33-item International Hip Outcome Tool (iHOT-33),>°
and 12-item International Hip Outcome Tool (iHOT-12)°!], and 1 to the knee [Knee injury and
Osteoarthritis Outcome Score knee-related quality of life (KOOS QOL) subscale®]. Three
condition-specific instruments were a subscale of a larger PROM. Higher scores reflected better
HRQoL outcomes in all PROMs except for the FAST. All studies used self-completed

administration.

2.3.3.1 Content Validity

Two studies*® > described the content validity of the FAST and PASS (Appendix L). The FAST
had low-quality evidence for inconsistent content validity because relevance,
comprehensiveness, and comprehensibility were not established in uninjured competitive and
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recreational throwing athletes (Appendix M).”® The PASS demonstrated very low-quality
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evidence for insufficient content validity because the study did not conduct interviews or focus

groups in active youth with a shoulder injury.>

2.3.3.2 Structural Validity
Two studies*® ** examined the structural validity of 2 PROMs. The FAST*¢ had high-quality
evidence for sufficient structural validity, whereas the HAGOS QOL subscale* had

indeterminate structural validity.

2.3.3.3 Internal Consistency
One study*¢ evaluated internal consistency. The FAST*® demonstrated high-quality evidence for

sufficient internal consistency.

2.3.3.4 Test-Retest Reliability

Three studies*® ** 32 investigated the test-retest reliability of 5 PROMs. The HAGOS QOL
subscale,’® HOOS QOL subscale,>® iHOT-33,°> and KOOS QOL subscale possessed very low-
quality evidence for sufficient reliability due to imprecision. The FAST*® had low-quality

evidence for sufficient reliability due to a short test-retest interval (mean 4.5 days).

2.3.3.5 Measurement Error
Three studies*® °% > examined the measurement error for 5 PROMs. The FAST,?” HAGOS QOL
subscale,”® HOOS QOL subscale,”® iHOT-33,° and KOOS QOL subscale?! all had indeterminate

results as a MIC was not defined.

2.3.3.6 Construct Validity

Three studies*” % 3% assessed the convergent validity of 2 PROMs. The FAST*”*% and PASS>?
had indeterminate results because no a-priori hypotheses were stated. The FAST* demonstrated
low-quality evidence for sufficient known-groups validity between injured and uninjured active

youth.
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2.3.3.7 Responsiveness
Two studies*® 3 assessed the responsiveness of 2 PROMs. The FAST* had low-quality evidence

for sufficient responsiveness whereas the PASS had indeterminate responsiveness.>

2.3.3.8 Other Measurement Properties
No included studies assessed the criterion or cross-cultural validity of condition-specific HRQoL

instruments.

2.3.3.9 Interpretability and Feasibility

Interpretability and feasibility characteristics for condition-specific HRQoL PROMs are
described in Appendices N and O. There was missing data for the KOOS QOL subscale
(11%)°? and PASS (20.5%).>* The MIC for the iHOT-12 was estimated as 12.1 points®! using
distribution-based methods. The MIC for the HAGOS QOL subscale and iHOT-33 was stated to

be 10 to 15 points.>> 3¢ All condition-specific HRQoL instruments were free to use.

2.3.3.10 Final Recommendation

All condition-specific HRQoL PROMs were given a final recommendation of “B” due to a lack
of sufficient content validity in active youth (Table 2.2). The FAST (upper extremity) was the
only instrument with high-quality evidence for sufficient structural validity and internal
consistency. We judged the FAST to be the most suitable existing condition-specific HRQoL
PROM for active youth.
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2.3.4 Comparison of HRQoL PROMs Between Injured and Uninjured Active Youth

Of the 18 HRQoL PROMs identified, 5 were only evaluated in injured active youth (the SF-12,%
HOOS QOL subscale,*® iHOT-33,%° iHOT-12,%! and PASS>?), 8 were only evaluated in uninjured
active youth (the ALQS,** KIDSCREEN-52,*' KIDSCREEN-10,* PedsQL,* QoL Survey,* SF-
36,24 WHOQOL-BREF,* % KOOS QOL subscale®?), and 5 were evaluated in both injured
and uninjured active youth (the DPA-MSC,*** DPA-MSC SF-10,*” DPA-MSC SF-8,%7 FAST,*-
 HAGOS QOL subscale*” ). Of the instruments evaluated in both injured and uninjured active
youth, there was limited overlap in measurement properties assessed. Only the DPA-MSC had
the same measurement properties assessed across multiple studies involving different samples.>
40 The structural validity and internal consistency of the DPA-MSC demonstrated insufficient

results in injured active youth but indeterminate results otherwise (Appendix M).

24  DISCUSSION

We identified and evaluated 11 generic and 7 condition-specific HRQoL PROM:s for active
youth. The methodological quality, overall results ratings, and quality of evidence for
measurement properties across different instruments were highly variable. Only 2 generic and 2
condition-specific HRQoL PROMs assessed content validity, and all demonstrated low- or very
low-evidence for inconsistent or insufficient content validity. There was little information about
interpretability and feasibility. Ultimately, no identified PROMs warranted a final
recommendation of “A,” suggesting that there is no suitable generic or condition-specific

HRQoL PROM for active youth.

Lacking sufficient content validity undermines the methodological quality of a study and reduces
confidence in its results.?® The absence of sufficient content validity across PROMs used to
assess the HRQoL of active youth is a serious limitation. We note that all PROM development
studies®* 3% 46- 33 jdentified in our review were published before the 2018 COSMIN risk-of-bias

checklist?*?® and would not have benefited from this resource to assess content validity.

Structural validity, internal consistency, and cross-cultural validity of a PROM describe how
individual items within an instrument are related and organized into subscales.?® The DPA-MSC

SF-10 (generic),>” DPA-MSC SF-8 (generic),’” QoL Survey (generic)** and FAST (upper
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extremity-specific)*® 4’ were the only PROMs with high-quality evidence for sufficient structural
validity and internal consistency and are therefore considered the most suitable existing HRQoL
PROMs for active youth. Given that there is no difference in the items of the 2 DPA-MSC short-
forms (i.e., the discrepancy in items lies in physical summary component), we recommend the

DPA-MSC SF-8, as it requires less time to complete and score.

The absence of evidence of other measurement properties limits the ability of PROMs to monitor
HRQoL over time. Establishing test-retest reliability, measurement error, and responsiveness
allows clinicians and researchers to understand whether a change in PROM score truly reflects
patients’ perceived change of their HRQoL (i.e., not due to random error). Estimating a MIC is

also important for determining if change scores are meaningful to patients.

This systematic review is the first to examine the quality of existing HRQoL instruments used in
active youth. Although not specifically focused on active youth or musculoskeletal conditions, 1
previous review in 2008°7 identified 94 instruments with the KIDSCREEN (generic) and
PedsQL (generic) demonstrating acceptable validity and reliability. In contrast, we found the
KIDSCREEN-52 had moderate- or high-quality evidence for sufficient structural validity and
internal consistency, while the PedsQL showed indeterminate ratings for internal consistency and
construct validity. This suggests that both should be further examined to determine if they are

suitable for active youth populations.

2.4.1 Research Recommendations

The ideal HRQoL. PROM for active youth is psychometrically robust, easy to interpret, and
applicable in clinical and research settings. Without an ideal instrument, researchers must re-
evaluate existing HRQoL PROMs or develop a new HRQoL PROM for active youth. As
instrument development requires immense time, effort, and resources, it may be prudent to first

re-evaluate existing HRQoL PROMs.

Future studies examining measurement properties of HRQoL instruments should follow the
COSMIN risk-of-bias checklist.?**® Content validity must be well established by seeking input

from members of the target population who represent different manifestations of HRQoL (e.g.,
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high and low HRQoL) and demographics (e.g., varying age, sex/gender, ethnicity). Then, other
measurement properties can be assessed, starting with structural validity and internal
consistency, to understand a PROM’s internal structure. To address interpretability and
feasibility, investigators should report missing item data, floor and ceiling effects, a MIC, time to

complete and score, and costs.

Until a suitable HRQoL PROM is available, we propose using a mixed methods approach®
where generic and condition-specific PROMs are used alongside qualitative methods to study the
HRQoL of active youth. When possible, we recommend selecting the DPA-MSC SF-8 (generic),
QoL Survey (generic), and FAST (upper extremity-specific) to measure HRQoL. Additionally,
conducting interviews with youth from varying sports or activities, competition levels, and health
statuses can provide a more in-depth understanding of what HRQoL means to active youth and

what determinants are important to them.

2.4.2 Clinical Implications

Clinicians who wish to learn how to select a suitable PROM are encouraged to review the
COSMIN risk-of-bias Checklist?**® and explore the COSMIN website resources. The most
suitable PROM for clinical use is one that is easy to understand, requires minimal time to
complete and score, and is free to use. To assess the HRQoL of active youth with
musculoskeletal injuries, we recommend collating findings from generic and condition-specific
PROMs and selecting the DPA-MSC SF-8 (generic), QoL Survey (generic), and FAST (upper
extremity-specific) when appropriate. Clinicians may also review responses to individual items
to spark conversations regarding a patient’s perception of injury, facilitators of and barriers to
rehabilitation, and strategies to improve recovery. Information from overall PROM scores and

individual item responses can help clinicians tailor treatment plans to the individual athlete.

2.4.3 Strengths and Limitations

Adhering to the COSMIN User Manual?®?° provided a standardized approach to evaluating
measurement properties, interpretability, feasibility, and final recommendation. As the COSMIN
User Manual?®% is a universal resource, the findings of this review can be compared to past and

future research.
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A limitation of using the COSMIN User Manual,**? including the 2018 COSMIN risk-of-bias
checklist, is that many studies (71%) were judged on more rigorous criteria that did not exist at
the time of their design. This may have resulted in stricter ratings and final recommendations for
PROMs developed or evaluated before 2018. Despite a comprehensive search strategy, our
stringent inclusion criteria likely excluded some relevant PROMs. For example, using sample
mean or median age excluded the ACL QOL questionnaire, a commonly used condition-specific
PROM for youth athletes with an anterior cruciate ligament injury, because it was developed in a
sample with a mean age of 27.6 years.> It is worth assessing other HRQoL PROM s like the
ACL QOL questionnaire to determine their measurement properties, interpretability, and
feasibility for active youth. We also acknowledge the heterogeneity of the included studies, with
few studies assessing the same PROM. Finally, there is likely a difference in variability of
PROM scores between injured and uninjured youth (i.e., injured youth tend to demonstrate
greater variability) across studies which may limit the generalizability of measurement properties

evaluated between the 2 groups.

2.5 CONCLUSIONS

No available HRQoL PROM has sufficient content validity for active youth. The DPA-MSC SF-
8 (generic), QoL Survey (generic), and FAST (upper extremity-specific) are the most suitable
existing HRQoL PROMs because they demonstrate high-quality evidence for sufficient
structural validity and internal consistency. Until a definitively robust instrument is available, we
recommend selecting the DPA-MSC SF-8, QoL Survey, and FAST; using multiple PROMs; and
applying mixed methods to gain a holistic understanding of the HRQoL of active youth.
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CHAPTER 3: WHAT DOES THE FUTURE HOLD? HEALTH-RELATED QUALITY
OF LIFE 3-12 YEARS FOLLOWING A YOUTH SPORT-RELATED KNEE INJURY

This information has been peer-reviewed and published as Le CY, Toomey CM, Emery CA,
Whittaker JL. What does the future hold? Health-related quality of life 3-12 years following a
youth sport-related knee injury. International Journal of Environmental Research and Public

Health. 2021;18:6877. doi: 10.3390/ijerph18136877.

The original publication can be found in Appendix P. Minor revisions have been made to the
context (i.e., greater focus on HRQoL rather than osteoarthritis), wording (e.g., “knee-related
QOL” replaced with “knee-specific HRQoL”) and formatting to remain consistent with the other

chapters.

Publication metrics: 855 full-text downloads, 1 citation

Previous research comparing medium- or long-term HRQoL outcomes in injured and uninjured
youth is mostly focused on ACL ruptures or ACLR. However, youth are susceptible to
experiencing knee injuries beyond ACL ruptures. If differences in generic and knee-specific
HRQoL outcomes exist between injured youth with a wide range of sport-related knee injuries
and uninjured peers, then the need to address HRQoL after any knee injury becomes clearer.
This chapter summarizes generic and knee-specific HRQoL outcomes at 3-12 years following
any traumatic, sport-related knee injury in youth and uninjured controls of similar age, sex, and

sport participation.
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ABSTRACT

Objective: To assess generic (EQ-5D-5L and EQ-VAS) or knee-specific (KOOS QOL) HRQoL
in individuals with a 3-12 year history of a youth sport-related knee injury compared to uninjured
controls. We also examined the influence of potential HRQoL determinants on the relationship

between injury history and HRQoL.

Study Design: Cross-sectional analysis of a historical cohort study.

Methods: Generic (EQ-5D-5L index, EQ-VAS) and knee-specific (KOOS QOL) HRQoL were
assessed in 124 individuals 3-12 years following youth sport-related knee injury and 129
uninjured controls of similar age, sex, and sport. We used linear regression to examine
differences in HRQoL outcomes by study group (injured vs. uninjured). We used multivariable
linear regression to explore the influence of sex, time since injury (years), injury type (ACL
rupture vs. other), BMI, knee extensor and flexor strength, intermittent knee pain [Intermittent
and Constant Osteoarthritis Pain (ICOAP) intermittent pain score, and moderate-to-strenuous

physical activity [Godin Leisure-Time Exercise Questionnaire (GLTEQ)].

Results: Participant median (range) age was 23 years (14-29) and 55% were female. Injury
history was associated with poorer KOOS QOL (-8.41; 95%CI -10.76, -6.06) but not EQ-5D-5L
(-0.0074; -0.0238, 0.0089) or EQ-VAS (-3.82; -8.77, 1.14). Injury history (-5.14; -6.90, -3.38),
worse ICOAP score (-0.40; -0.45, -0.36), and ACL rupture (-1.41; -2.77, -0.06) contributed to
poorer KOOS QOL. Worse ICOAP score contributed to poorer EQ-5D-5L (-0.0024; -0.0034, -
0.0015) and higher GLTEQ moderate-to-strenuous physical activity to better EQ-VAS (0.10;
0.03, 0.17).

Conclusions: Experiencing a previous sport-related knee injury is associated with poorer knee-
specific but not generic HRQoL 3-12 years post-injury. Having increased knee pain and an ACL
rupture may be negative influences on knee-specific HRQoL whereas increased knee pain and

lower moderate-to-strenuous physical activity may be negative influences on generic HRQoL.
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3.1 INTRODUCTION
Sport-related knee injuries are highly prevalent in youth! 2 and are associated with a variety of
injury consequences, including increased pain,*” decreased muscle strength,> !° lower physical

114 weight gain,'® and reduced HRQoL.!% 7 Currently, what we know about these

activity levels,
consequences is largely embedded in studies examining ACL ruptures and ACLR. However,
with only 25% of youth sport-related knee injuries involving the ACL,'® we must examine the

impact of injuries beyond ACL ruptures.

Health-related quality of life may serve as a valuable indicator of overall health following a
youth sport-related knee injury because it is a multifactorial construct that encompasses the
physical, psychological, and social health domains.!® Assessing both generic and condition-
specific (i.e., knee-specific) HRQoL is required to gain a thorough understanding of HRQoL
after injury. Generic instruments are best for capturing generic HRQoL and allow for
comparisons across different demographic groups or medical conditions. On the other hand,
condition-specific HRQoL instruments offer a more nuanced understanding of a particular
patient group or condition and are more responsive to change over time. Previous research has
revealed that generic and knee-specific HRQoL deficits exist at least 2-5 years after an ACL

rupture or ACLR.% 16-17.20

How and to what extent a youth sport-related knee injury contributes to long-term HRQoL is

22,23

unknown. Demographic factors such as female sex?! and older age, are associated with

worse generic HRQoL in healthy youth populations. Similarly, common injury consequences

I 24,25 26,27 28,29
2

such as greater BM increased pain, and lower physical activity levels are also
linked with worse generic HRQoL in uninjured youth. Determining how demographic factors
and injury consequences influence the relationship between a youth sport-related knee injury and

HRQoL may provide information to help address long-term HRQoL deficits.

3.1.1 Objectives
The objective of this study was to assess generic (EQ-5D-5L and EQ-VAS) and knee-specific
(KOOS QOL) HRQoL in individuals with a 3-12 year history of a youth sport-related knee

injury compared to uninjured controls. To further understand what factors may influence the
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relationship between injury history and HRQoL, factors possibly linked with HRQoL (i.e., sex,
time since injury, type of injury, BMI, knee extensor strength, knee flexor strength, intermittent

knee pain, and self-reported physical activity) were also examined.

3.2 METHODS
3.2.1 Study Design
This study was a cross-sectional analysis of data from the first follow-up (3-12 years post-injury)

of the Alberta Youth Prevention of Early Osteoarthritis (PrE-OA) historical cohort study.

3.2.2 Ethics

Ethics approval was granted by the Conjoint Health Research Ethics Board at the University of
Calgary, Canada (Ethics ID E-25075). Before testing, all participants provided informed
consent/assent and completed a Physical Activity Readiness Questionnaire (PAR-Q, 2002).

3.2.3 Participants

The PrE-OA cohort consists of a convenience sample of individuals who sustained a youth (<18
years old) sport-related knee injury 3-12 years previously and uninjured controls of similar age
(within 12 months), sex, and sport at the time of injury. Information about cohort recruitment,
injury diagnosis, and inclusion and exclusion criteria has been described previously.'> *° Briefly,
injured and uninjured participants were recruited after being identified from previous cohort
studies examining risk factors for sport injury, a university-based sport medicine centre database,
or through collaborators and participants. Injured participants sustained a youth sport-related
knee injury (clinical diagnosis of a ligament, meniscus, or other intra-articular tibiofemoral or
patellofemoral injury) that required medical attention (e.g., physician, physiotherapist) and
disrupted sport participation 3-12 years previously. Uninjured controls were included if they
reported no previous knee injury resulting in time-loss from sport. Individuals were excluded if
they were pregnant; reported non-steroidal anti-inflammatory use, cortisone injection, or other
musculoskeletal injury that disrupted sport, school, or work participation within 3 months prior
to testing; or had a diagnosis of arthritis or any medical conditions that prevented study

participation (e.g., neurological conditions).
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3.2.4 Procedures

These analyses examined data from the first follow-up (3-12 years post-injury) collected during

1 testing session at the University of Calgary between 2013-2017.!>3? Participants completed a
battery of questionnaires (study questionnaire, EQ-5D, KOOS, ICOAP, and GLTEQ) then
rotated through testing stations that measured their height, weight, and isometric knee strength. A
secure, online database was used to store and manage data (REDCap 8.6.5, Vanderbilt

University, Nashville, TN, USA).

A study questionnaire gathered participant information (i.e., age, sex), sport information (i.e.,
pre-injury main sport, sport participation in the last 12 months), and knee injury details as
applicable (i.e., type of injury, injury date, subsequent injury or surgery; Appendix Q).

3.2.5 Outcomes

3.2.5.1 Generic Health-Related Quality of Life

The EQ-5D is a self-reported instrument that measures generic HRQoL (Appendix R).*!: 32 EQ-
5D is a widely used health utility instrument that consists of 2 components: the EQ-5D-5L index
and EQ-VAS scores. The EQ-5D-5L describes one’s health state and is measured in 5
dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression.
Participants indicated their health state by selecting 1 of 5 levels of responses ranging from no
problems to extreme problems for each dimension. Using the Canadian value set,** health states
were converted into EQ-5D-5L index scores which range from -0.148 (worst health status) to
0.949 (best health status). The EQ-VAS evaluates health on a 20 cm vertical visual analog scale
with anchors of 0 (worst health you can imagine) and 100 (best health you can imagine). The

32,34 across musculoskeletal

EQ-5D has been shown to have acceptable reliability** and validity
conditions. Although the EQ-5D has not been validated for individuals following a knee injury, it
has been previously applied to individuals following ACLR.** The MIC for Canadian EQ-5D-5L
index scores is 0.056%¢ but no MIC for the EQ-VAS in a comparable sample has been

established. However, it should be noted that our analyses did not measure change in scores over

time.
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3.2.5.2 Knee-Specific Health-Related Quality of Life

The KOOS QOL is 1 of 5 subscales of the KOOS>"3® (Appendix S) and assesses knee-specific
HRQoL. It consists of 4 items (awareness of knee problem, lifestyle modification, knee
confidence, and overall knee difficulty) scored on a 5-point Likert scale. Subscale scores are
converted into a score ranging from 0-100 with higher scores indicating better outcomes. The
KOOS demonstrates sufficient internal consistency (pooled Cronbach’s alpha=0.79), test-retest
reliability [pooled intraclass correlation coefficient (ICC)=0.88], and measurement error (pooled
standard error of measurement=5.9, pooled smallest detectable change=16.3) in ACL injured

samples.’” 3

3.2.5.3 Body Mass Index
Body mass index (kg/m?) was calculated from weight (to the nearest 0.1 kg) and height (to the
nearest 0.1 cm, shoes removed) measurements using a scale and stadiometer (Model 402 KL,

Pelstar, McCook, IL, USA).

3.2.5.4 Isometric Knee Extensor and Flexor Strength

Normalized isometric knee extensor and flexor strength of the injured (index) limb were
measured using handheld dynamometry (Model 01163, Lafayette Instrument, Lafayette, IN,
USA).?° Prior to testing, all examiners were given a written description of testing and scoring.
Each examiner practiced under the guidance of an experienced examiner over a minimum of 3
one-hour training sessions before testing study participants.*’ For knee extension, participants
were seated with hips and knees in 90° and 60° flexion, respectively, and a handheld
dynamometer placed 5 cm proximal to the distal tip of the lateral malleolus on the shin. For knee
flexion, participants were in a prone position with the knee in 60° flexion and a dynamometer
placed 5 cm proximal to the distal tip of the lateral malleolus on the calf. In all strength tests, the
dynamometer was secured to the leg with an immovable strap. After a practice trial, participants
completed 3 experimental trials consisting of 5 s of maximum effort pushing into the
dynamometer followed by 15 s of rest. Peak isometric strength scores (N) were converted to
peak torque (Nm; force x distance between joint line and dynamometer) and normalized to body
weight (Nm/kg). Isometric knee muscle strength testing has sufficient intra- (pooled ICC
>0.90)**? and inter-rater reliability (pooled ICC>0.84).*!
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3.2.5.5 Intermittent Knee Pain

Intermittent knee pain was assessed with the intermittent pain subscale of the ICOAP (Appendix
T).*3 This subscale consists of six items that asks patients about “pain that comes and goes” over
the past week. Each item is scored on a 5-point Likert scale, summed, and transformed to a
subscale score ranging from 0-100 with lower scores indicating better outcomes. The ICOAP has
not been evaluated in active youth populations but demonstrates sufficient internal consistency
(Cronbach’s alpha=0.93) and test-retest reliability (ICC=0.85) in individuals with knee

osteoarthritis.*?

3.2.5.6 Physical Activity

Physical activity participation was self-reported using the GLTEQ (Appendix U).*

Participants
reported the number of 15-minute bouts of mild (minimal effort), moderate (not exhausting), and
strenuous (heart beats rapidly) physical activity in which they engaged over a typical 7-day
period. The total activity in metabolic equivalents (METSs) is calculated by multiplying the
number of mild, moderate, and strenuous bouts by 3, 5, and 9, respectively, and then summing
these values. One MET equals the amount of energy expended by an individual seated at rest.
The GLTEQ has been validated to assess physical activity.* 46 Weekly moderate-to-strenuous

METs were the focus of these analyses.

3.2.6 Data Analysis
Statistical analyses were performed using STATA (v12.1, Stata Corp., College Station, TX,
USA). Descriptive statistics [median (range), proportion (95%CI)] were calculated for all

participant characteristics and outcomes by study group (knee injury history or not).

3.2.6.1 Primary Objective

Separate univariable linear regression models (95%CI; clustered on sex and main sport type),
were used to assess the association between previous injury history (yes vs. no) and each HRQoL
outcome (EQ-5D-5L index, EQ-VAS, and KOOS QOL). The analysis was clustered on sex

(females are at higher risk for a knee injury*’ and report lower generic HRQoL?! than males) and
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sport (different sport/activity exposure is linked with injury risk*® and generic HRQoL*-*!) to

control for some confounding.

3.2.6.2 Exploratory Objective
To better understand how a sport-related knee injury impacts HRQoL, we explored the influence

26,27 and

of other factors on this relationship. Sex,?! age,?* 2> %2 BMI,** % strength training,> pain,
physical activity,?® 2 have been previously linked with generic and/or knee-specific youth
HRQoL. Injury type has yet to be examined but severe injuries (e.g., ACL rupture) which are
associated with longer rehabilitation periods and possible surgery may have a greater impact on

HRQoL than mild injuries (e.g., MCL sprain).

Separate multivariable linear regression models (95%CI; clustered on sex and main sport type)
explored the association of injury history with each HRQoL outcome while examining 8
additional variables: sex, time since injury (years), injury type (ACL rupture vs. other), BMI
(kg/m?), normalized peak knee extensor and flexor strength (Nm/kg), intermittent knee pain
(ICOAP intermittent pain subscale), and moderate-to-strenuous physical activity (GLTEQ
weekly METs). Time since injury for uninjured participants was coded the same as that of
matched injured participants on recruitment and indicate an equivalent injury-free time.
Regression analyses began with models that included injury history (primary exposure variable),
sex, time since injury, type of injury, BMI, knee extensor and flexor strength, intermittent knee
pain, moderate-to-strenuous physical activity, and a two-way interaction term for injury history
and sex. After evaluating the significance of the interaction term (i.e., likelihood ratio test,
>0.05), we followed a backwards stepwise elimination approach where variables with a p-value
<0.05 were retained and the most parsimonious model was reported. All assumptions for linear

regression analyses were assessed and met.
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3.3 RESULTS

Table 3.1: Participant Characteristics and Outcomes by Study Group

Characteristic Uninjured Injured
(n=129) (n=124)

Sex (n, % female) 72 (56) 66 (53)
Age at injury (years) - 16 (9-19)
Age at follow-up (years) 23 (14-29) 22 (16-29)
Time since injury (years) - 6.7 (2.9-11.6)
Type of injury (n, % ACL rupture) - 72 (56)
Subsequent injury (n, % yes)* 1(0,7) 33 (27)
Subsequent surgery (n, % yes)° - 26 (21)
Radiographic osteoarthritis (n, % yes)® 0 (0, 0) 9(7)
MRI-defined osteoarthritis (n, % yes)¢ 3(1,10) 25 (28)
Main sport (n, % soccer) 45 (35) 43 (35)
Sport participation in last 12 months (n, % yes) 123 (95) 110 (89)
EQ-5D-5L index 0.911 (0.634-0.949) 0.911 (0.561-0.949)
EQ-VAS 85 (20-100) 80 (10-100)
KOOS QOL 100 (83-100) 92 (64-100)
BMI (kg/m?) 23.5(18.1-33.1) 24.8 (18.6-38.9)
Knee extensor strength (Nm/kg) 1.92 (0.73-4.21) 1.84 (0.40-3.53)
Knee flexor strength (Nm/kg) 1.09 (0.38-2.08) 0.95 (0.37-2.09)
ICOAP intermittent pain 0 (0-33) 0 (0-54)
GLTEQ moderate-to-strenuous physical activity (METs/week) 45 (0-93) 42 (4-136)

Values represent median (range) unless otherwise indicated

3Any tibiofemoral or patellofemoral injury that resulted in seeking medical attention and time-loss from sport
participation

bAny surgery to the index or non-index knee during the follow-up period

°Grade >2 on the Kellgren-Lawrence Grading System;** data available for 86 uninjured and 84 injured
participants

dMet criteria for tibiofemoral (medial or lateral compartment), mixed tibiofemoral, or patellofemoral MRI-
defined osteoarthritis as per Hunter et al. (2011);>* data available for 88 uninjured and 87 injured participants

ACL, anterior cruciate ligament; BMI, body mass index; EQ-5D-5L, EuroQoL 5-dimension, 5-level; EQ-VAS,
EuroQoL visual analog scale; GLTEQ, Godin Leisure-Time Exercise Questionnaire; [COAP, Intermittent and
Constant Osteoarthritis Pain Score; kg, kilogram; KOOS QOL, Knee injury and Osteoarthritis Outcome Score
knee-related quality of life subscale; m, metre; MET, metabolic equivalent; MRI, magnetic resonance imaging;
n, number of participants; N, Newton; 95%CI, 95% confidence interval

A total of 253 participants were recruited, including 124 youth with a previous sport- related
knee injury and 129 uninjured controls. The median age of the participants at follow-up was 23
years (range 14-29) and 55% of the participants were females (Table 3.1). Soccer was the most
common pre-injury sport (35%) with ice hockey (21%), basketball (12%), skiing or
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snowboarding (8%), football (5%), rugby (4%), running (4%), volleyball (4%), dance or
gymnastics (2%), horseback riding or rodeo (2%), baseball (1%), figure skating (1%), lacrosse
(1%), and field hockey (1%) also identified. Of the injured group, 69 participants (56%)
sustained an ACL rupture, all of whom underwent ACLR [median time from injury to surgery
6.6 months (range 0.6-43.0) and median time from surgery to follow-up 5.9 years (range 3.9-
11.4)]. Twenty participants (16%) had meniscus injuries, 15 (12%) had other ligament injuries
(i.e., grade I-I ACL or PCL injury, grade I-IIl MCL or LCL injury), 18 had a patella subluxation
or dislocation (15%), and 2 (2%) had a fracture. The median time since injury was 6.7 years

(range 2.9-11.6).

For generic HRQoL, the median EQ-5D-5L index score for the uninjured and injured
participants was 0.911 (range 0.634-0.949) and 0.911 (range 0.561-0.949), respectively, and the
median EQ-VAS score for the uninjured and injured participants was 85 (range 20-100) and 80
(range 10-100), respectively. For knee-specific HRQoL, uninjured participants had a median
KOOS QOL score of 100 (range 83-100) whereas injured participants had a median score of 92
(range 64-100). One injured participant did not complete the EQ-5D-5L and 3 injured
participants did not complete the EQ-VAS.

Table 3.2: Univariable Linear Regression Models for Injury History and HRQoL Outcomes

Outcome Injury History® R? n
EQ-5D-5L -0.0074 (-0.0238, 0.0089) 0.005 252
EQ-VAS -3.82 (-8.77, 1.14) 0.022 250
KOOS QOL -8.41 (-10.76, -6.06) 0.305 253

Values represent coefficient and 95%CI

All models accounted for clustering by sex and sport
Bolded font represents 95%CI does not encompass zero
aReference = uninjured participants

EQ-5D-5L, EuroQoL 5-dimension, 5-level; EQ-VAS, EuroQoL visual analog scale; KOOS QOL, Knee injury

and Osteoarthritis Outcome Score knee-related quality of life subscale; n, number of participants; R?,
coefficient of determination; 95%CI, 95% confidence interval
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Univariable associations between injury history and HRQoL outcomes are summarized in Table
3.2. Injury history was not associated with EQ-5D-5L index (—0.0074, 95%CI —0.0238, 0.0089)
or EQ-VAS scores (—3.82, 95%CI —8.77, 1.14). However, a negative association was found
between injury history and KOOS QOL scores (—8.41, 95%CI —10.76, —6.06).

Table 3.3: Multivariable Linear Regression Models for Injury History and HRQoL Outcomes
Considering Determinants of HRQoL and Osteoarthritis Disease

Time Extensor Flexor

Model };;‘sjt‘;rya Sext since  ACL (1?1/\:112) Strength  Strength  ICOAP (ﬁlﬁﬁﬁ) Injury x Sex R’
y Injury 8 (Nm/kg)  (Nm/kg)

-0.0032 -0.0090 -0.0024 0.0232
EQ-5D-5L (00170,  (-0.0227, - - - - - (-0.0034, - (0.0042, 0220

0.0107) 0.0047) -0.0015) 0.0422)

347 0.10
EQ-VAS (-7.98, 1.04) - - - - - - T 003,017 0.047
KOOS QOL -5.14 - - -1.41 - - - -0.40 - - 0587
(-6.90, -3.38) (-2.77,-0.06) (-0.45, -0.36) :

Values represent coefficient and 95%CI

All models accounted for clustering by sex and sport
Bolded font represents 95%CI does not encompass zero
aReference = uninjured participants

PReference = female sex.

“Reference = no ACL rupture

ACL, anterior cruciate ligament rupture; BMI, body mass index; EQ-5D-5L, EuroQoL 5-dimension, 5-level;
EQ-VAS, EuroQoL visual analog scale; GLTEQ, Godin Leisure-Time Exercise Questionnaire moderate-to-
strenuous physical activity; [COAP, Intermittent and Constant Osteoarthritis Pain intermittent pain subscale;
kg, kilogram; KOOS QOL, Knee injury and Osteoarthritis Outcome Score knee-related quality of life subscale;
m, metre; MET, metabolic equivalent; Nm, Newton-metre; R’, coefficient of determination; wk, week; 95%
CI, 95% confidence interval

Multivariable linear regression models that considered the influence of sex, time since injury,
type of injury, BMI, knee extensor and flexor strength, intermittent knee pain, and moderate-to-
strenuous physical activity on the relationship between youth sport-related knee injury history
and HRQoL outcomes are summarized in Table 3.3. Regardless of injury history, higher levels
of intermittent pain (ICOAP) were associated with poorer generic HRQoL (EQ-5D-5L index
—0.0024, 95%CI —0.0034, —0.0015), and higher levels of moderate-to-strenuous physical activity
(GLTEQ) were associated with better generic HRQoL (EQ-VAS 0.10, 95%CI 0.03, 0.17). A
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significant interaction between injury and sex suggested that injured males have slightly higher
generic HRQoL (EQ-5D-5L index 0.0232, 95%CI 0.0042, 0.0422) than uninjured males. Finally,
injury history (=5.14, 95%CI —6.90, —3.38), an ACL rupture (—1.41, 95%CI —2.77, —0.06), and
higher levels of intermittent pain (ICOAP —0.40, 95%CI —0.45, —0.36) were associated with
lower knee-specific HRQoL (KOOS QOL). No other associations were found.

3.4  DISCUSSION

We present a novel examination of generic and knee-specific HRQoL in individuals with a
previous youth sport-related knee injury compared to uninjured controls of similar age, sex, and
sport. Our findings indicate that a 3-12 year history of a youth sport-related knee injury is not
associated with generic HRQoL but is negatively associated with knee-specific HRQoL.
Exploratory analyses revealed that more intermittent knee pain or less self-reported moderate-to-
strenuous physical activity are associated with worse generic HRQoL, regardless of injury
history. Additionally, injury history, a previous ACL rupture, and more intermittent knee pain
were associated poorer knee-specific HRQoL. These data imply that the potential determinants
generic and knee-specific HRQoL following a youth sport-related knee injury may be distinct
from one another; therefore, these 2 outcomes should be considered as unique parts of a broad

construct.

The finding that generic HRQoL was not associated with a 3-12 year history of a previous youth
sport-related knee injury is consistent with previous studies examining youth at 5-14 years after
an ACL rupture or ACLR who reported no differences in generic HRQoL than uninjured
controls.’®>? Similar outcomes have been described in 2 systematic reviews of youth and adults
at 5-23 years post-ACL rupture!” or 5-16 years post-ACLR.!® However, 1 recent meta-analysis
suggests there may be a difference in the physical but not mental component of generic HRQoL
(as measured by the SF-36) in youth and adults with a previous ACL rupture or ACLR and

uninjured controls.?’

It is plausible that the link between intermittent pain and generic HRQoL is explained by its
physical (e.g., sleep disturbance®’), psychological (e.g., depression®!), and social (e.g., activity or

hobby limitation®®) manifestations. Physical inactivity may also influence generic HRQoL
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through its negative impact on physical (e.g., increased sedentary behaviour®’), psychological
(e.g., depression®?), and social (e.g., isolation from sports/recreational community®®) health. With
that said, pain/discomfort is 1 of 5 items on the EQ-5D-5L, so the relationship detected between
intermittent knee pain and generic HRQoL may be due to the exposure and outcome variables
representing a similar construct. We must also note that generic HRQoL could be influenced by
factors not assessed here, including but not limited to other injuries, medical conditions (e.g.,
anxiety, depression, diabetes), smoking status, healthcare access and literacy, and socioeconomic
status. Although intermittent pain and moderate-to-strenuous physical activity are potential
determinants of generic HRQoL of youth, the influence of other physical, psychological, and

social health outcomes should be investigated.

Current evidence indicates that youth and adults with an ACL rupture or undergone ACLR
demonstrate long-term deficits in knee-specific HRQoL.> ' !7 Our findings move beyond
previous research and suggest that these long-term deficits are also present in individuals who
experienced a broad range of traumatic knee injuries that occurred in their youth. Taken together,
these observations solidify the relationship between injury history and knee-specific HRQoL

following a sport-related knee injury, regardless of age at injury and injury type.

Intermittent pain was identified as a potential determinant of knee-specific HRQoL, likely due to
similar physical, psychological, and social manifestations as those mentioned above. Sustaining
an ACL rupture may contribute to greater reductions in knee-specific HRQoL than other injuries
considering it is associated with substantial physical impairments (e.g., knee muscle weakness'®
64), psychological consequences (e.g., heightened fear of reinjury®-7), and social limitations

(e.g., isolation from sport community®®) as well as a long rehabilitation period.

3.4.1 Research Recommendations

Further investigation is needed to determine the relationship between youth sport-related knee
injuries and HRQoL (particularly, knee-specific HRQoL) at different timepoints. Understanding
the trajectory of generic and, particularly, knee-specific HRQoL outcomes will help identify
when HRQoL deficits are greatest and when future interventions should be delivered.

Researchers should continue to explore potential determinants of generic and knee-specific
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HRQoL and assess their association with HRQoL in the short-, medium- , and long-term after a
youth sport-related knee injury. Additionally, we recommend engaging patients as research

partners to ensure relevant constructs related to HRQoL are examined.

3.4.2 Clinical Implications

Clinicians should collect both generic and knee-specific HRQoL outcomes from their youth
patients with knee injuries as these constructs seem to be unique. Given that knee pain and
physical activity were associated with generic and/or knee-specific HRQoL, providing long-term
maintenance strategies to manage these health outcomes may be beneficial. Clinicians may also
want to emphasize these strategies in youth who have an ACL rupture and ACLR as they are

more susceptible to greater knee-specific HRQoL deficits in the long-term.

3.4.3 Strengths and Limitations

The strengths of this study are the inclusion of uninjured controls of similar age, sex, and sport
participation and a broad definition of knee injury (i.e., beyond an ACL rupture) confirmed at the
time of injury. In contrast, this study was not specifically powered for our research questions.
However, these preliminary findings can be used to inform an adequately powered study to fully
address related objectives. Many of the participants in the Alberta Youth PrE-OA cohort may be
from middle-to-high socioeconomic status given the recruitment sources and their ability to
access organized sport, post-secondary education, and healthcare which limits the
generalizability of our findings. Future studies should seek diverse and inclusive samples to
better understand what happens to people from all backgrounds following a youth sport-related
knee injury. It is important to highlight that the EQ-5D-5L and KOOS QOL subscale only
consist of 5 and 4 items, respectively, and may not capture the breadth or complexity of generic
and knee-specific HRQoL. Other alternative PROM:s to consider using are the SF-36% (generic)
and ACL QOL® (knee-specific) which assess multiple domains of HRQoL. However, the ACL
QOL has only been validated in people with an ACL rupture. Using a self-reported measure of
physical activity also introduces possible recall bias. When possible, accelerometry should be
utilized as it is a more valid measure of physical activity. Lastly, only data on biological sex is

available for the Alberta Youth PrE-OA study. Arguably, one’s socially constructed gender has a
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greater influence on HRQoL and, therefore, both sex and gender should be examined going

forward.””

3.5 CONCLUSIONS

The findings of this study suggest that generic and knee-specific HRQoL are distinct from one
another and should both be measured in research and clinical practice. Injury history appears to
be associated with knee-specific but not generic HRQoL. Based on exploratory analyses,
intermittent knee pain and moderate-to-strenuous physical activity may be factors that influence
generic HRQoL whereas injury history, injury type, and intermittent knee pain may be factors
that influence knee-specific HRQoL. These findings can inform the design of future studies and

strategies to improve long-term HRQoL in youth.
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CHAPTER 4: COMPARING SHORT-TERM KNEE-SPECIFIC HEALTH-RELATED
QUALITY OF LIFE AND ASSOCIATED HEALTH OUTCOMES BETWEEN YOUTH
WITH AND WITHOUT A SPORT-RELATED KNEE INJURY

The information has been submitted for peer-review and is reproduced from Le CY, Pajkic A,
Losciale JM, Filbay SR, Emery CA, Manns PJ, Whittaker JL. Comparing short-term knee-
specific health-related quality of life and associated clinical outcomes between youth with and

without a sport-related knee injury. In submission at the Clinical Journal of Sport Medicine.

Having determined that youth sport-related knee injuries are associated with reduced knee-
specific but not generic HRQoL at 3-12 years post-injury, we shift our attention to short-term
changes in health outcomes. How early can we detect differences in knee-specific HRQoL
between injured youth and uninjured peers? What factors may influence this relationship in the
early stages of injury? This chapter describes knee-specific HRQoL and associated health
outcomes over an initial 6-month follow-up following any traumatic, sport-related knee injury in

youth and uninjured controls of similar age, sex, and sport participation.
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ABSTRACT
Objective: To compare short-term changes in knee-specific HRQoL and associated health

outcomes between youth with and without a sport-related knee injury.

Design: Prospective cohort study.

Methods: Participants included 93 youth (11-19 years old) who sustained an intra-articular,
sport-related knee injury in past 4 months and 73 uninjured youth of similar age, sex, and sport.
Main outcome measures included knee-specific HRQoL (KOOS QOL), knee extensor and flexor
strength (dynamometry), physical activity (accelerometer), fat mass index (FMI; bioelectrical
impedance), and kinesiophobia (Tampa Scale for Kinesiophobia, TSK-17) measured at baseline
(within 4 months of injury) and 6-month follow-up. Wilcoxon rank-sum tests assessed between-
group differences for all outcomes. Separate regression models assessed the association between
injury history and change (baseline to 6-month follow-up) in knee-specific HRQoL and
associated health outcomes, considering sex-based differences. The influence of injury type
(ACL and/or meniscus vs. other), baseline values, and physiotherapy attendance on these

relationships were also explored.

Results: Participant median age was 16 (range 11-20) years and 66% were female. Despite
greater improvements in KOOS QOL scores (20; 95%CI 15, 25), injured participants
demonstrated deficits at 6-month follow-up (z=9.3, p<0.01) compared to controls, regardless of
sex. Similar findings were observed for knee extensor and flexor strength, physical activity, and
TSK scores but not FMI. Participants with an ACL rupture and/or meniscus injury demonstrated
smaller changes in KOOS QOL scores (-10.7; 95%CI -20.6, -0.7) than those with other knee
injuries over the study period. In injured youth, lower baseline values were associated with

greater changes in knee-specific HRQoL and all other outcomes.

Conclusions: Youth have worse knee-specific HRQoL, muscle strength, physical activity levels,
and kinesiophobia early after a sport-related knee injury compared to controls. Despite
improvements, these deficits persist 6 months later. Injury type and baseline values may

influence the relationship between knee injuries and short-term knee-specific HRQoL.
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4.1 INTRODUCTION

Youth who sustain a sport-related knee injury experience persistent deficits in HRQoL. Our
previous research reveals that these deficits are seen in knee-specific but not generic HRQoL.'
Currently, it is unclear how early knee-specific HRQoL of youth changes after an injury and
what factors may influence it. A better understanding of short-term knee-specific HRQoL is
essential for developing strategies to minimize the long-term burden of sport-related knee

injuries in youth.

Generic HRQoL reflects overall physical, psychological, and social health.? Knee-specific
HRQoL considers these domains as they pertain to the knee and can represent how one perceives
their knee health during injury, recovery, and beyond. Preliminary evidence shows that youth
have poorer knee-specific HRQoL as early as 6 months® after an ACLR compared to uninjured
controls. While other studies have measured short-term knee-specific HRQoL, they often lack
comparable, uninjured controls, making it difficult to know if early changes in knee-specific

HRQoL are related to the knee injury or other factors (e.g., age, sex, sport/activity exposure).

Many factors have been linked with generic HRQoL in youth. For example, generic HRQoL is
higher in youth who participate in resistance training,* are physically active,’ maintain a healthy
weight,® and have lower anxiety.” Conversely, youth who experience a knee injury often
encounter consequences such as knee muscle weakness,® physical inactivity,’ adiposity,'® and
kinesiophobia (i.e., fear of movement or re-injury)!'' which may impact knee-specific HRQoL.
Understanding how these associated health outcomes change early after injury will help us

determine which are most relevant to knee-specific HRQoL in this population.

4.1.1 Objectives

The objective of this study was to compare knee-specific HRQoL and associated health
outcomes (i.e., knee extensor and flexor strength, physical activity, adiposity, and kinesiophobia)
over a 6-month period after injury between youth with an intra-articular, sport-related knee
injury and uninjured youth of similar age, sex, and sport. The influence of sex, injury type,

baseline values, and physiotherapy attendance was also explored.
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42  METHODS

4.2.1 Study Design

This was a prospective cohort study comparing osteoarthritis-related health outcomes between
youth with a sport-related knee injury and uninjured controls of similar age, sex, and sport
biannually (baseline, 6, 12, 18, and 24 months) over 2 years. This paper focuses on data collected

at baseline and 6-month follow-up.

4.2.2 Ethics

Ethics approval was granted by the University of Alberta Health Research Ethics Board, Health
Panel, Edmonton, Canada (Ethics ID Pro00063773). Participants provided written consent and
assent (when applicable) and completed a PAR-Q (2002)!? before testing.

4.2.3 Participants

Participants were youth (11-19 years old) who sustained a first-time, traumatic, intra-articular,
sport-related knee injury in the past 4 months and uninjured youth of similar age, sex, and sport
who contributed baseline and 6-month data by May 1, 2021. We selected an age range of 11-19
years because of the high prevalence of youth who sustain sport-related knee injuries.'*"!> Knee
injury was defined as an intra-articular knee injury (clinical diagnosis of a ligament, meniscus, or
other intra-articular tibiofemoral or patellofemoral injury) that occurred while participating in a
sport or recreational activity, required medical consultation (e.g., physiotherapist, physician), and
disrupted regular sports participation on at least 1 occasion in the previous 4 months. Injury type
was categorized based on clinical examination and diagnostic imaging and surgical reports when

available.

Uninjured participants had no history of a knee injury and were of similar age (within 12
months), sex, and main sport (played most frequently) as injured participants. Exclusion criteria
included pregnancy, other time-loss injury in the 4 months preceding baseline testing, arthritis
diagnosis, or any condition preventing participation in functional tests (e.g., neurological
conditions). Uninjured participants who experienced a sport-related knee injury during the study

were withdrawn and given the option to re-enroll as an injured participant if eligible.
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4.2.3.1 Sample Size

The full cohort study sample size was based on the ability to detect a clinically meaningful
between-group difference in percent fat mass [uninjured mean 20.2%, injured mean 23.4%,
common standard deviation (SD) 7.03%], physical activity (uninjured mean 153 minutes/week,
injured mean 121 minutes/week, common SD 75 minutes/week), triple single leg hop distance
(uninjured mean 489% of leg length, injured mean 450%, common SD 92%), and isometric knee
extension strength asymmetry (uninjured mean 0.995, injured mean 0.892, common SD 0.23)'¢

17 with multivariate analyses, adjusted for a 10% drop out over 2 years (1-p=0.8, a=0.05).

4.2.4 Recruitment

Participants were recruited through regional sport medicine or physiotherapy clinics, local
community sport organizations, social media, and word of mouth between December 2016 and
September 2020. Additionally, injured participants were asked to share study information with

uninjured teammates to identify uninjured controls of similar age, sex, and sport.

4.2.5 Procedures

Participants were assessed at baseline (within 4 months of injury) and approximately 6 months
later. At each visit, participants were emailed a unique URL to a series of questionnaires hosted
on a secure data management system (REDCap 8.6.5, Vanderbilt University, Tennessee, USA) '®
and attended an in-person testing session. Questionnaires included a bespoke study questionnaire
adapted from the Alberta PrE-OA cohort [e.g., participant characteristics (age, sex, main sport),
injury details (injury type, date of injury), sport and activity participation, physiotherapy
attendance; Appendix V],!¢ KOOS, and TSK. At in-person testing, participants rotated through
stations measuring height (to the nearest 0.1 cm without shoes on a stadiometer, Model 402KL,
Pelstar, McCook, Illinois, USA), weight, body composition, and knee extensor and flexor
strength then were given an accelerometer to monitor their physical activity over 8 days. Study
personnel included physiotherapists and undergraduate students who underwent formal training

to minimize inter-rater variability during data collection.
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4.2.6 Outcomes

4.2.6.1 Knee-Specific Health-Related Quality of Life

The KOOS comprises 42 items in 5 subscales: knee-related symptoms, pain, function in daily
living, function in sport and recreation, and knee-related QOL (Appendix S). Specifically, the
KOOS QOL subscale contains 4 items (i.e., awareness of a knee problem, lifestyle modification,
knee confidence, and overall knee difficulty). Items are scored on a 5-point Likert scale and
subscale scores are transformed to 0-100 where higher scores indicate better outcomes. The
KOOS demonstrates sufficient internal consistency (pooled Cronbach’s alpha=0.72-0.93) and
test-retest reliability (pooled ICC=0.84-0.89) in individuals with an ACL rupture.!®

4.2.6.2 Isokinetic Knee Muscle Strength

Normalized concentric peak knee extensor and flexor torque were tested at a velocity of
90°/second through a range of 0+2° to 90+2° with participants seated in 90° of hip flexion and
straps secured across the chest and thighs (BTE PrimusRS, Hanover, Maryland, USA). After a
practice trial and 1 minute rest, participants performed 3 repetitions of knee extension and
flexion with maximal effort while receiving verbal encouragement. The peak torque (Nm) across
repetitions for the injured limb was normalized to body weight (Nm/kg) and recorded. Isokinetic
dynamometry is considered the gold standard for measuring muscle strength?! and has acceptable

test-retest reliability (pooled correlation coefficients>0.9).%

4.2.6.3 Physical Activity

An accelerometer (ActiGraph GT3X, Pensacola, Florida, USA) was worn on the right anterior
superior iliac spine (waist) for 8 days, only removed for bathing, water activities (e.g.,
swimming), or activities that may damage it (e.g., wrestling). A log was kept to record non-wear
times as well as the duration and intensity (i.e., light, moderate, or vigorous) of any activities
performed when the accelerometer was off (Appendix W). This log was used to validate non-
wear time. Self-reported physical activity during non-wear periods was manually added to the
extracted accelerometer data. Non-wear periods and physical activity intensity cut-points were

24,25

determined by the Choi** and Evenson children algorithms, respectively. Data were valid if

there was >5 days with >10 hours of wear time per day.?® Total physical activity (sum of light,
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moderate, and vigorous activity) and sedentary time were recorded. The ActiGraph is a valid

measure of physical activity in youth.?’

4.2.6.4 Adiposity

Using bioelectrical impedance analysis (BIA; Tanita Body Composition Analyzer MC-780U,
Arlington Heights, Illinois, USA), participants stood barefoot on footplate electrodes and gripped
hand electrodes while the resistance to a low energy, high frequency electrical signal (50 kHz,
500 pA) was measured. The BIA unit estimates body mass (kg) and fat mass (kg) from which
FMI (kg/m?) was calculated.

4.2.6.5 Kinesiophobia

The TSK-17 consists of 17 items scored on a 4-point Likert scale (Appendix X). Scores range
from 17-68 where lower scores indicate better outcomes (less fear of movement or re-injury).
Although the TSK has not been validated in individuals with a knee injury, it is commonly used

to measure kinesiophobia after an ACL rupture.?® %

4.2.7 Data Analysis

Statistical analyses were performed using STATA (v12.1, College Station, Texas, USA). We
reported the number of interested, screened, eligible, and enrolled participants and summarized
differences in age, sex, and sport of participants and non-participants. The proportion of non-
participation and loss to follow-up were summarized by study group (injured or uninjured).
Descriptive statistics (median, mean, or proportion) were calculated for participant
characteristics and outcomes at baseline, follow-up, and change from baseline to follow-up by
study group. Univariable estimates (p<0.05) were made to compare all outcomes between study
groups at baseline and follow-up based on data distribution (e.g., t-test for parametric data,

Wilcoxon rank-sum test for non-parametric data).

For all analyses, we used backwards stepwise selection beginning with full models and removing
variables with the highest p-value until all remaining variables were significant (p<0.05). Beta
coefficients and variance explained by the models (R’) were reported. We decided a-priori to

retain sex in all models regardless of the backwards elimination process to assess if sex-based
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differences in knee-specific HRQoL observed in injured adults® are also present in youth.
Participants with missing data for a particular outcome were removed from analyses for that
outcome. Variables of interest were selected based on previous research (relationship with
generic or knee-specific HRQoL) and the authors’ clinical experience. All models were assessed

for multicollinearity and linear regression assumptions were assessed and met.

4.2.7.1 Primary Objective

A multivariable linear regression model (95%CI; clustered on sex and to control for confounding
effect) was used to assess the association between injury history (yes vs. no) and change
(baseline to 6-month follow-up) in knee-specific HRQoL (KOOS QOL) with sex (female vs.
male) as an additional variable of interest. Separate regression models were also used to assess
the association between injury history and each associated clinical outcome [i.e., normalized
knee extensor and flexor peak torque (Nm/kg), total physical activity (minutes/week), FMI
(kg/m?), and kinesiophobia (TSK)] and sex.

4.2.7.2 Exploratory Objective

To further understand the change in all outcomes in the injured group only, we explored the
influence of injury type, physiotherapy attendance, and baseline values. Injury type' and baseline
values®!' have been previously linked with knee-specific HRQoL. We grouped ACL ruptures
and/or meniscus injuries together to reflect greater injury severity (often requiring >3 months of
rehabilitation’” 3¥) and possibly greater impact on knee-specific HRQoL. After receiving input
from physiotherapists and considering the heterogeneity of injury types included in this cohort, a
cut-off point of 5 physiotherapy visits was used to identify individuals who participated in a

comprehensive rehabilitation program.
In the injured group only, separate regression models explored the influence of sex, injury type

(ACL rupture and/or meniscus injury vs. other), physiotherapy attendance (<5 or >5 visits), and

baseline values of each respective outcome on short-term change from baseline to follow-up.
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1 sustained a lower limb injury
1 lost to follow-up
Y A 4
Uninjured participants at baseline Injured participants at baseline
n=80 n=106
n=7 did not complete 6-month testing: n=13 did not complete 6-month
1 missed this visit < > testing:
3 withdrew 4 missed this visit
3 lost to follow-up 4 withdrew
5 lost to follow-up
h 4 Y
Uninjured participants at 6-month Injured participants at 6-month
follow-up follow-up
n=73 n=93

Figure 4.1: Participant Enrollment and Flow Chart (Baseline and 6-Month Follow-up)

43  RESULTS
Participant enrollment is outlined in Figure 4.1. Age, sex, main sport, and injury history did not
differ between participants [median (range) age 16 (11-20) years, 114 (60%) females, 64 (34%)
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played soccer, 109 (58%) injured] and non-participants [median (range) age 16 (11-19) years,
126 (50%) females, 47 (21%) played soccer, 82 (61%) injured].

We enrolled 189 participants (109 injured, 80 uninjured) but 3 injured participants did not
complete baseline testing and 20 participants (13 injured, 7 uninjured) did not complete follow-
up testing (Figure 4.1). Consequently, we had baseline and 6-month follow-up data for 93 (85%)
injured and 73 (91%) uninjured participants. Furthermore, 6 injured and 9 uninjured participants
only completed the online questionnaires at follow-up (reasons for missing data can be found in
Appendix Y). One uninjured participant experienced a sport-related knee injury during the study

period and was re-enrolled as an injured participant.

Table 4.1: Participant Characteristics by Study Group.

Characteristic Uninjured Injured

(n=73) (n=93)

Sex (n, % female) 50 (69) 60 (65)
Age at injury (years) - 16 (11-20)
Age at baseline (years) 17 (11-20) 16 (11-20)
BMI (kg/m?) 22 (15-36) 23 (16-41)

Time from injury to baseline (months) - 1 (0-4)

Time from baseline to follow-up (months) 6 (4-9) 6 (5-9)

Injury type (n, % ACL rupture) - 48 (52)

Main sport (n, % soccer) 27 (37) 27 (29)

Main sport level (n, % club)® 53(73) 54 (58)
KOOS symptoms (0-100) 96 (68-100) 64 (29-100)
KOOS pain (0-100) 100 (64-100) 75 (25-100)
KOOS ADL (0-100) 100 (78-100) 90 (35-100)
KOOS sport & recreation (0-100) 100 (60-100) 58 (0-100)

MVPA (minutes/week)
Sedentary time (minutes/week)

Sport participation at baseline (minutes/week)®

Physiotherapy attendance (n, % >5 visits)

411 (90-1261)
8007 (5322-9280)
460 (83-1597)

271 (58-879)
8018 (4307-9616)
617 (37-1910)

50 (54)

Values represent median (range) unless otherwise indicated
aCategories included recreational, club, school, varsity, provincial, or national
bSelf-reported sport participation over the previous year

ACL, anterior cruciate ligament; ADL, activities of daily living; BMI, body mass index; kg, kilogram; KOOS,

Knee injury and Osteoarthritis Outcome Score; m, metre; MVPA, moderate-to-vigorous physical activity; n,
number of participants; 95%CI, 95% confidence interval
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Participant characteristics are summarized in Table 4.1. Of the injuries reported, 53% were an
ACL rupture, 17% other tibiofemoral ligament injury (any PCL, MCL, or LCL injury or partial
ACL injury), 22% patellar subluxation or dislocation, 4% isolated meniscus tear, 3% intra-
articular bony contusion, and 1% intra-articular fracture. For the injured group, the median
(range) time from injury to follow-up was 8 months (5-11) and 50 participants (of which 34 had
ACL ruptures) attended >5 physiotherapy visits for their knee injury during the study period. Of
the 48 participants who ruptured their ACL, 24 (50%) underwent ACL reconstruction prior to 6-
month follow-up [median time from injury to surgery 4.1 months (range 0.6-7.1) and median

time from surgery to follow-up 3.9 months (range 1.2-8.4)].

Table 4.2: By Study Group, All Outcomes at Baseline, Follow-Up, and 6-Month Change.

Uninjured Injured
(n=73) (n=93)
Outcome Baseline Follow-Up Change Baseline Follow-Up Change
Median Median Mean Median Median Mean
(Range) (Range) (95%CI) (Range) (Range) 95%CD)
Primary Outcome
KOOS QOL 1002 100° 0 38 56 19
(0-100) (56-100) (31-100) (-13,13) (0-100) (0-100) (-13, 63)
Associated Health Outcomes
fo er:ifnee extensor 1.94 1.90b 0.04 1.37 1.71 0.28
(Nm/ke) (0.77-2.31) (1.29-2.89)  (-0.28,0.32) | (0.28-2.23) (0.49-2.55)  (-0.57,1.00)
iiﬁ;g“ee e 1.322 1.35b 0.05 1.02 1.23 0.26
(Nm/ke) (0.56-2.21) (0.80-2.69)  (-0.34,0.40) | (0.17-2.23) (0.41-2.27)  (-0.29, 0.92)
aTé’ttiilitl;hyS‘cal 19928 17220 241 1730 1531 1189
(minutes/week) (925-3265) (820-2682)  (-1015,573) | (464-2972) (200-2748)  (-1105, 657)
FMI 3.9 4.8 0.3 43 49 0.5
(kg/m?) (0.4-10.9) (0.4-10.7) (-1.1, 1.8) (0.5-21.5) (0.6-20.3) (-1.2,2.1)
TSK 358 34b -1 40 37 -3
(17-68) (25-47) (20-47) (-11,12) (22-56) (22-35) (-12,9)

aSignificant difference from the injured group at baseline (Wilcoxon rank-sum tests): KOOS QOL z=10.9,
p<0.01; peak knee extensor torque z=7.0, p<0.01; peak knee flexor torque z=5.8; p<0.01, total physical
activity z=3.5, p<0.01; TSK z=-4.9, p<0.01
bSignificant difference from the injured group at follow-up (Wilcoxon rank-sum tests): KOOS QOL z=9.2,
p<0.01; peak knee extensor torque z=4.3, p<0.01; peak knee flexor torque z=2.4, p=0.02; total physical
activity z=2.5, p=0.01; TSK z=-2.9, p<0.01

FMI, fat mass index; kg, kilogram; KOOS QOL, Knee injury and Osteoarthritis Outcome Score knee-related
quality of life subscale; n, number of participants; Nm, Newton-metre; TSK, Tampa Scale for Kinesiophobia;

95%CI, 95% confidence interval
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Baseline, follow-up, and mean change (95%CI) values for all outcomes are summarized by study
group in Table 4.2 and by injury type in Table 4.3. Injured participants had significantly worse
KOOS QOL scores, peak knee extensor and flexor torque, weekly total physical activity, and
TSK scores compared to uninjured participants at baseline and follow-up (Wilcoxon rank-sum

tests; Table 4.2). No between-group differences in FMI were found at either testing timepoint.

Table 4.4: Multivariable Linear Regression Models for Injury History, Sex, and Short-Term
Change in All Outcomes.

Outcome Change Injury History* Sex? R’ n

Primary Outcome

KOOS QOL (0-100) 20 (15, 25) -5(-10,2) 0.204 164
Associated Health Outcomes

Knee extensor peak torque (Nm/kg) 0.24 (0.09, 0.40) 0.00 (-0.14, 0.14) 0.110 135
Knee flexor peak torque (Nm/kg) 0.21 (0.12, 0.29) 0.05 (-0.10, 0.19) 0.096 135
Total physical activity (minutes/week) 53 (-69, 175) -17 (-196, 163) 0.003 129
FMI (kg/m?) 0.2 (-0.2, 0.6) 0.3 (-0.2,0.7) 0.024 148
TSK (17-68) -2.2 (4.3,-0.2) 1.1 (-0.8,3.1) 0.039 164

Values represent coefficient and 95%CI

All models included clustering by sex and sport

Bolded font represents 95%CI does not encompass zero
aReference = uninjured participants

PReference = female sex

FMI, fat mass index; kg, kilogram; KOOS QOL, Knee injury and Osteoarthritis Outcome Score knee-related
quality of life subscale; n, number of participants; Nm, Newton-metre; R’, coefficient of determination; TSK,
Tampa Scale for Kinesiophobia; 95%CI, 95% confidence interval

Although there were no within-group differences for any outcomes from baseline to follow-up
(Table 4.2), a multivariable linear regression model demonstrated that injured participants had
greater increase in KOOS QOL scores (20; 95%CI 15, 25) compared to uninjured participants
over the study period, regardless of sex (Table 4.4). Similarly, injured participants demonstrated
greater improvements in peak knee extensor (0.24 Nm/kg; 95%CI 0.09, 0.40) and flexor (0.21
Nm/kg; 95%CI 0.12, 0.29) torque and TSK scores (-2.2; 95%CI -4.3, -0.2) compared to
uninjured participants, regardless of sex. Although weekly total physical activity was

significantly different between study groups at baseline and follow-up, injury history was not
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found to be associated with short-term change in physical activity. Injury history was also not

associated with change in FMI.

Table 4.5: In the Injured Group, Exploratory Multivariable Linear Regression Models
Examining the Influence of Sex, Injury Type, Physiotherapy Attendance, and Baseline Values on
Short-Term Change in All Outcomes.

Outcome Change Sex* Injury Type®  Physiotherapy Baseline R’ n
Attendance® Values

Primary Outcome

-10.7 -0.4

KOOS QOL (0-100) - (20.6,-0.7) - (0.7, 0.2) 0.158 91

Associated Health Outcomes

Knee extensor peak -0.55

torque (Nm/kg) - B - (-0.71, -0.39) 0.408 71

Knee flexor peak 0.17 B 3 -0.52 0309 71

torque (Nm/kg) (0.001, 0.34) (-0.71, -0.33) ’

Total physical activity -0.7

(minutes/week) - B - (-0.9,-0.4) 0.335 68
-0.1

2 _ _ —

FMI (kg/m?) (0.2, -0.01) 0.058 85
-0.4

TSK (17-68) - - - (0.5, -0.2) 0.186 91

Values represent coefficient and 95%CI

All models included clustering by sex and sport

Bolded font represents 95%CI does not encompass zero
aReference = female sex

bReference = no ACL rupture and/or meniscus injury
“Reference = less than 5 physiotherapy visits

ACL, anterior cruciate ligament; FMI, fat mass index; kg, kilogram; KOOS QOL, Knee injury and
Osteoarthritis Outcome Score knee-related quality of life subscale; n, number of participants; Nm, Newton-
metre; R’, coefficient of determination; TSK, Tampa Scale for Kinesiophobia 95%CI, 95% confidence interval

In injured participants only, multivariable linear regression models exploring the influence of
sex, injury type, physiotherapy attendance, and baseline values on outcome change are
summarized in Table 4.5. Changes in all outcomes were significantly and inversely associated
with baseline values. When baseline values were considered, participants with an ACL rupture
and/or meniscus injury demonstrated smaller changes in KOOS QOL scores (-10.7; 95%CI -

20.6, -0.7) than those with other knee injuries and males demonstrated a larger change in peak
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knee flexor torque (0.17Nm/kg; 95%CI 0.001, 0.34) than females over the study period

(assuming other variables remain constant).

44  DISCUSSION

We believe this is the first study to assess short-term knee-specific HRQoL and associated
clinical outcomes in youth who have experienced a sport-related knee injury compared to
uninjured controls. Despite short-term improvements, knee-specific HRQoL deficits are evident
early after a knee injury and persist 6 months later. A similar pattern was observed for knee
extensor and flexor strength and kinesiophobia. Our exploratory analyses suggest that short-term
changes in knee-specific HRQoL are influenced by injury type and baseline values but not sex or
physiotherapy attendance. Injured youth with lower knee-specific HRQoL, knee muscle strength,
physical activity, and adiposity as well as higher kinesiophobia at baseline demonstrate the

greatest short-term improvements.

Our novel findings identify early deficits in knee-specific HRQoL of youth with a broad range of
knee injuries compared to uninjured peers. This builds on evidence of knee-specific HRQoL
deficits at 6-months post-ACLR.? By comparing to uninjured controls of similar age, sex, and
sport or activity participation, we are confident that the identified differences can be attributed to

experiencing a knee injury.

We also found that youth with an ACL rupture and/or meniscus injury and higher baseline values
may demonstrate less short-term improvement in knee-specific HRQoL early after injury. ACL
and meniscus injuries are characterized by longer periods of reduced function than other injury
types, so less change in knee-specific HRQoL is unsurprising. However, the difference in KOOS
QOL change score from baseline to follow-up between youth with or without an ACL rupture
and/or meniscus injury may not be clinically relevant considering the MIC for the KOOS QOL is
18.34 Higher baseline values may indicate smaller room for growth and also less change.
However, lower baseline values have been linked with worse long-term knee-specific HRQoL
following ACLR,*! suggesting more work is needed to understand the influence of baseline
values. Sex and physiotherapy attendance were not found to impact short-term change in knee-

specific HRQoL. Our findings about sex and knee-specific HRQoL are consistent with previous
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research® whereas physiotherapy attendance has yet to be assessed. Despite these contributions,
injury type and baseline values only explained 15.8% of the variance in knee-specific HRQoL

changes, so further research is required to identify other potential determinants.

Understanding how associated clinical outcomes change after a knee injury can determine what
outcomes may influence knee-specific HRQoL. Over the study period, injured youth
demonstrated positive changes in knee muscle strength and kinesiophobia but not physical
activity or adiposity relative to uninjured peers. Weaker knee extensors, lower physical activity,
and higher adiposity have been detected 6 months,*® 2-3 years,” and 3-10 years,'? respectively,
after ACLR or intra-articular knee injury. Kinesiophobia has not been examined against a
comparison group. Perhaps physical activity and adiposity changes manifest over the long-term,
but knee muscle strength and kinesiophobia vary shortly after injury and their influence on knee-

specific HRQoL warrants further exploration.

4.4.1 Research Recommendations

Future research should focus on how to improve knee-specific HRQoL early after a sport-related
knee injury in youth. Identifying modifiable determinants of knee-specific HRQoL can inform
evidence-based interventions. We have highlighted the importance of considering a wide range
of knee injuries as opposed to ACL ruptures alone (25.4% of knee injuries in youth!®) and
including comparable, uninjured controls. Researchers should seek to understand why knee-

specific HRQoL differs between injury types and how this may inform treatment strategies.

4.4.2 Clinical Implications

Clinicians should assess, monitor, and manage knee-specific HRQoL and associated outcomes in
youth immediately after a sport-related knee injury, especially ACL or meniscus injuries.
Accounting for baseline values can help clinicians estimate the amount of short-term change they
expect to see in their patients. Alongside using PROMs, clinicians can ask patients how they feel

about their overall knee health to thoroughly capture knee-specific HRQoL.
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4.4.3 Strengths and Limitations

Our study strengths include comparing to controls, controlling for confounding by age, sex, and
activity participation, and considering sex-based differences. To best describe short-term health
changes, we performed univariable comparisons of key outcomes which may increase the
probability of spurious findings. Twenty-eight (30%) injured participants were also patients of
study physiotherapists which may augment retention (e.g., participants feel more comfortable
attending follow-up visits with familiar research staff) but also introduce limitations (e.g.,
physiotherapists implicitly encourage familiar participants more than others). Our ability to
detect sex differences may have been affected by a greater proportion of males withdrawing or
being lost to follow-up. Our definition of physiotherapy attendance may lead to misclassification
bias despite basing it on clinical experience and considering different injury types. Capturing
exercise adherence (e.g., percentage of exercises completed) may be more helpful to understand
how rehabilitation can impact health outcomes following injury. We acknowledge that gender
(sociocultural construct) may have been more relevant to include in our analyses than sex
(biological variable). Finally, the last 13 months of our study overlapped with the COVID-19
pandemic. As per the CONSERVE statement,?” Appendix Z summarizes the impact, mitigation
strategies, and study modifications due to COVID-19.

45 CONCLUSION

Youth demonstrate reduced knee-specific HRQoL after a sport-related knee injury compared to
uninjured controls. Despite greater short-term improvements, injured youth report persisting
knee-specific HRQoL deficits over a 6-month period. Early changes in knee-specific HRQoL
appear to be influenced by injury type and baseline status but not sex. Future studies should
focus on identifying modifiable determinants of knee-specific HRQoL in injured youth to inform
treatment strategies. Shortly after injury, possible factors of interest may include knee muscle

strength, physical activity, and kinesiophobia but not adiposity.
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CHAPTER 5: YOUTH WITH A SPORT-RELATED KNEE INJURY EXHIBIT
SIGNIFICANT AND PERSISTENT KNEE-SPECIFIC HEALTH-RELATED QUALITY
OF LIFE DEFICITS AT 12-MONTH FOLLOW-UP COMPARED TO UNINJURED
PEERS

The information has been submitted for peer-review and is reproduced from Le CY, Filbay SR,
Emery CA, Manns PJ, Whittaker JL. Youth with a sport-related knee injury exhibit significant
and persistent knee-specific health-related quality of life deficits at 12-month follow-up
compared to uninjured peers. In submission at the Journal of Orthopaedic & Sports Physical

Therapy.

Preliminary analysis from the previous chapter suggests that youth who experience a sport-
related knee injury report reduced knee-specific HRQoL than uninjured controls at baseline
(within 4 months of injury) and 6-month follow-up. Injury type and baseline values have also
been identified as possible factors that may influence knee-specific HRQoL and warrant further
investigate. Building off of these findings, this chapter summarizes knee-specific HRQoL at
approximately 6 and 12 months (i.e., over a typical rehabilitation timeframe) following any
traumatic, sport-related knee injury in youth and uninjured controls of similar age, sex, and sport
participation using more robust statistical analyses. We also further examine factors identified as

potential determinants of HRQoL from the previous chapters.
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ABSTRACT
Objective: To compare knee-specific HRQoL between youth with and without an intra-articular,
sport-related knee injury at baseline (within 4 months post-injury), 6-month, and 12-month

follow-up and to assess the relationship between associated health outcomes and knee-specific

HRQoL.

Design: Prospective cohort study.

Methods: We recruited 86 injured and 64 uninjured youth of similar age, sex, sport
participation. Knee-specific HRQoL was assessed with KOOS QOL subscale. Multivariable
linear regression (95%CI; clustered on sex and sport) compared KOOS QOL between study
groups (injured vs. uninjured) at all timepoints, considering sex-based differences. We also
explored the association of injury type [anterior cruciate ligament (ACL) rupture and/or
meniscus injury vs. other], knee extensor strength (isokinetic dynamometry), MVPA
(accelerometer), intermittent knee pain (ICOAP intermittent pain subscale), fear of re-injury

(TSK-17), and RTS (yes vs. no) with knee-specific HRQoL (KOOS QOL).

Results: Participant median (range) age was 16.7 (10.9-20.1), 67% were female, and 57% of
injuries were ACL ruptures. Injured participants had lower mean KOOS QOL scores at baseline
(-61; 95%CI -66, -56), 6-month (-41; 95%CI -46, -35), and 12-month follow-up (-34; 95%CI -
41, -26), regardless of sex. Knee extensor strength, MVPA, ICOAP, and baseline KOOS QOL
were associated with 12-month KOOS QOL, regardless of injury history or sex. In injured youth,
ACL rupture and/or meniscus injuries and higher 6-month TSK scores were associated with

worse 12-month KOOS QOL.
Conclusions: Youth with a sport-related knee injury exhibit significant and persistent knee-

specific HRQoL deficits at 12-month follow-up. Knee extensor strength, physical activity, pain,

and fear of re-injury may contribute to knee-specific HRQoL.

102



51 INTRODUCTION

Youth with a sport-related knee injury are believed to experience reduced knee-specific HRQoL.
Previous studies have described knee-specific HRQoL after an injury, but they focus on within-
group comparisons of individuals with ACL ruptures or ACLR.!" Few studies have considered
youth, prospective changes, injuries beyond the ACL, or comparison to uninjured peers. This has
left a gap in understanding if, and to what extent, a sport-related knee injury affects youth knee-

specific HRQoL and what factors might contribute to this relationship.

Knee-specific HRQoL encompasses how one perceives their physical, psychological, and social
health as it pertains to their knee. This makes knee-specific HRQoL a valuable indicator of knee
health. After a knee injury in adults, female sex,* weaker quadriceps and hamstring muscles,’
lower physical activity,® higher fear of re-injury,’ failure to RTS,® and lower baseline knee-
specific HRQoL (i.e., status shortly after injury)’ are associated with poorer knee-specific
HRQoL. There is also evidence from uninjured youth that female sex,!” lower participation in

.12 and pain'? are associated with poorer generic HRQoL.

aerobic and resistance training,
Currently, we do not know how knee-specific HRQoL changes in youth with a sport-related knee
injury over a typical rehabilitation period (up to 12 months depending on injury type!*!7) relative
to uninjured youth. Comparing injured youth and uninjured peers of similar demographics (e.g.,

age, sex, sport/activity participation) at different timepoints during rehabilitation will allow us to

determine if and how sport-related knee injuries impact knee-specific HRQoL.

5.1.1 Objectives

The primary objective of this study was to compare knee-specific HRQoL between youth with a
sport-related knee injury and uninjured controls of similar age, sex, and sport participation at
baseline, 6-month, and 12-month follow-up while considering sex-based differences. The
secondary objective was to assess the association of injury history, sex, and 12-month knee
extensor strength, physical activity, and intermittent knee pain with 12-month knee-specific
HRQoL. In injured youth only, we explored the association of sex, injury type, and 6-month
knee extensor strength, physical activity, intermittent knee pain, fear of re-injury, and RTS status

with 12-month knee-specific HRQoL.
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52 METHODS
5.2.1 Study Design
This is a longitudinal cohort study comparing health-related outcomes in youth with and without

a sport-related knee injury. We followed the STROBE guidelines for reporting.'8

5.2.2 Ethics

Ethics approval was granted by the University of Alberta Health Research Ethics Board, Health
Panel, Edmonton, Canada (Ethics ID Pro00063773). Participants provided written consent or
assent (when applicable) and completed a PAR-Q (2002)'° before testing.

5.2.3 Participants

Participants included a convenience sample of youth (11-19 years old) who sustained a sport-
related, intra-articular knee injury in the previous 4 months and uninjured youth of similar age,
sex, and main sport (i.e., sport played most frequently). An intra-articular knee injury was
defined as a clinical diagnosis of a ligament, meniscus, or other intra-articular tibiofemoral or
patellofemoral injury that occurred while participating in a sport or recreational activity, required
medical consultation (e.g., physiotherapist, physician), and disrupted regular sports participation
on at least 1 occasion. Injury type was classified based on clinical examination and diagnostic

imaging and/or surgical reports when available.

Uninjured participants were eligible if they had no previous knee injury and were of similar age
(<12 months), sex, and main sport as an injured participant. Exclusion criteria for all participants
included pregnancy, other time-loss injury <4 months of baseline testing, arthritis diagnosis, or
any medical condition preventing participation in functional tests (e.g., neurological conditions).
Uninjured participants who experienced a knee injury during the study period were withdrawn
and given the option to re-enrol as an injured participant if eligible. Individuals lost to follow-up

were replaced with participants of similar age, sex, and sport to augment the cohort.
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5.2.3.1 Sample Size

A sample size of 120 participants (60 per study group) for our primary objective was based on
the ability to detect an 8.4-point between-group difference on the Knee injury and Osteoarthritis
Outcome Score (KOOS) QOL subscale,? allowing for 1 covariate (sex) over 3 timepoints
(baseline, 6-month, 12-month follow-up; 1-f=0.8, a=0.05). We then aimed to recruit 142
participants (71 per group) to allow for a 15% drop-out (Appendix AA).

5.2.4 Recruitment

Recruitment occurred between December 2016-September 2020. Injured participants were
recruited through regional sport medicine or physiotherapy clinics, local sport organizations,
social media, and word of mouth. Uninjured participants were recruited through injured

participants (e.g., teammates), local sport organizations, social media, and word of mouth.

5.2.5 Procedures

Participants were assessed at baseline (within 4 months post-injury), 6-month, and 12-month
follow-ups. At each assessment, participants completed online questionnaires and attended in-
person testing. Questionnaires included a bespoke study questionnaire®! (e.g., demographics,
injury type, RTS status; Appendix V), KOOS, ICOAP, and TSK. At in-person testing,
participants rotated through stations measuring anthropometrics (stadiometer, Model 402KL,
Pelstar, Illinois, USA) and isokinetic strength then were given an accelerometer to wear for 8
days. A secure, online research platform was used to administer the questionnaires and store data

(REDCap 8.6.5, Vanderbilt University, Tennessee, USA).??

5.2.6 Outcome Measures

5.2.6.1 Knee-Specific Health-Related Quality of Life

Knee-specific HRQoL was assessed with the KOOS QOL subscale (Appendix S).2* This
subscale contains 4 items asking about awareness of a knee problem, lifestyle modification, knee
confidence, and overall knee difficulty. Items were scored on a 5-point Likert scale and
transformed to a score between 0-100 (higher scores indicate better outcomes). The KOOS
demonstrates sufficient internal consistency (pooled Cronbach’s alpha=0.72-0.93) and test-retest

reliability (pooled ICC=0.84-0.89) in ACL-injured individuals.?*** We used a KOOS QOL
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patient acceptable symptom state (PASS) score of 72 derived from individuals (mean age 29.74
years) at 12 months post-ACLR? to help interpret our findings.

5.2.6.2 Isokinetic Knee Extensor Strength

Normalized concentric peak knee extensor torque was tested at 90°/second through a range of
0+2°to 9042° with participants seated in 90° of hip flexion and straps secured across the chest
and thighs (BTE PrimusRS, Hanover, Maryland, USA). After a practice trial and 1 minute rest,
participants performed 3 maximal effort repetitions of knee extension and flexion bilaterally
while receiving verbal encouragement. Peak torque (Nm) across repetitions was normalized to
body weight (Nm/kg) and recorded. Isokinetic dynamometry is the gold standard for measuring
muscle strength?® and has acceptable test-retest reliability (pooled intraclass correlation

coefficient>0.9).”’

5.2.6.3 Physical Activity

Physical activity was measured using an accelerometer (ActiGraph GT3X; Pensacola, Florida,
USA) worn on the right waist for 8 days. Participants removed it for bathing, water activities, or
activities that may damage it (e.g., volleyball) and kept a log of the duration and intensity (i.e.,
light, moderate, vigorous) of non-wear time activities (Appendix W). The log was used to
validate non-wear time and self-reported, non-wear time activities were added to the
accelerometer data. Non-wear period algorithms and physical activity intensity cut-points were
determined by Choi et al (2011)*® and Evenson Children (2008),%* 3 respectively. Data were
examined in 60-second epochs and considered valid if there was a minimum of 5 days with >10
hours of wear time per day.>! Weekly minutes of MVPA were recorded. Accelerometry is a valid

measure of physical activity in youth.>?

5.2.6.4 Intermittent Knee Pain

Intermittent knee pain was assessed with the ICOAP intermittent pain subscale (Appendix T).*?
Six items asked about knee pain that “comes and goes” over the past week. Each item was scored
on a 5-point Likert scale, summed, and transformed to a score between 0-100 (lower scores

indicate better outcomes). Although not evaluated in youth, the ICOAP has sufficient internal
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consistency (Cronbach’s alpha=0.93) and test-retest reliability (ICC=0.85) in adults with knee

osteoarthritis.>?

5.2.6.5 Fear of Re-Injury

Fear of re-injury was assessed with the TSK-17 which has 17 items scored on a 4-point Likert
scale (Appendix X).** Items were summed and scores ranged from 17-68 (lower scores indicate
better outcomes). The TSK has not been validated in youth with a knee injury but it is often used

to measure fear of re-injury in ACL-injured individuals.>-3¢

5.2.6.6 Return to Sport

Return to sport status (yes vs. no) was determined from the response to the question, “Since the
start of the study, have you attempted to train (practice) or compete (game) in your main sport?”’
Following a knee injury, RTS may act as a surrogate for restoring social support. That is,
successful RTS likely represents less isolation and improved social health as individuals renew
previous relationships with teammates and coaches.>” Conversely, failure to RTS may represent
greater isolation due to an inability to fully participate in one’s usual social environment.’
Therefore, successful RTS was defined as returning to training or competition as it likely reflects

improved social health of injured participants.

5.2.7 Data Analysis

Statistical analyses were performed using STATA (v12.1, College Station, Texas, USA). The
number of interested, screened, eligible, and enrolled participants were reported. Differences in
age, sex, and sport between those who did and did not participate were summarized. Loss to
follow-up was summarized by study group (injured or uninjured). Participants with missing data
were removed from the analysis for that particular outcome and timepoint. Descriptive statistics
(median, mean, proportion) were calculated for participant characteristics and outcomes at all

timepoints by study group.

For all analyses, we used backwards stepwise selection beginning with full models and removing
variables with the highest p-value until all remaining variables were significant (p<0.05). Beta

coefficients and variance explained by the models (R?) were reported. We decided a-priori to
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retain sex in all models regardless of the backwards elimination process to assess if sex-based
differences in knee-specific HRQoL observed in injured adults* are also present in youth.
Participants with missing data for a particular outcome were removed from analyses for that
outcome. Variables of interest were selected based on previous research (relationship with
generic or knee-specific HRQoL) and the authors’ clinical experience. All models were assessed

for multicollinearity and linear regression assumptions were assessed and met.

5.2.7.1 Primary Objective

Separate multivariable linear regression models (95%CI; clustered on sex and sport) compared
knee-specific HRQoL (KOOS QOL score) between youth with a sport-related knee injury and
uninjured controls at baseline, 6-month, and 12-month timepoints. We also assessed the
relationship between sex (female/male) and knee-specific HRQoL in these models. We clustered

the analysis on sex and sport to control for some confounding.

5.2.7.2 Secondary Objective

A multivariable linear regression model (95%CI; clustered on sex and sport) assessed the
relationship between injury history (yes vs. no) and 12-month knee-specific HRQoL (primary
outcome) while examining 5 additional variables of interest that may help further explain this
relationship: sex, baseline KOOS QOL scores, 12-month peak knee extensor torque (Nm/kg),
12-month MVPA (minutes/week), and 12-month intermittent knee pain (ICOAP intermittent

score).

5.2.7.3 Exploratory Objective

In injured youth only, a multivariable linear regression model (95%CI) explored the association
of sex with 12-month knee-specific HRQoL (primary outcome) while examining 7 additional
variables: injury type (ACL and/or meniscus injury vs. other knee injury), baseline KOOS QOL
scores, 6-month peak knee extensor torque, 6-month MVPA, 6-month intermittent knee pain, 6-

month fear of re-injury (TSK score), and 6-month RTS status (yes vs. no).
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5.3 RESULTS

After giving study information to 436 individuals, 372 were screened for eligibility, 326 met
inclusion criteria, and 189 enrolled in the study (80 uninjured, 109 injured; Figure 5.1).
Demographics were similar between non-participants [median (range) age 16 (11-19) years, 50%
females, 21% soccer players, and 61% injured] and participants [median (range) age 16 (10-20)

years, 60% females, 34% soccer players, 58% injured].
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Individuals who were given study information
n=436
Il

v

Individuals who underwent eligibility screening
n=372
L

v

Individuals who met inclusion criteria -
=326 n=53 did not respond after 2 attempts to contact
L

17 healthy controls with no match

; > 15 declined to participate
. ) 7 lived out of town
Individuals who enrolled in the study 45 provided no reason
n=189
Uninjured participants enrolled Injured participants enrolled
n=80 n=109
n=3 did not complete baseline testing:
L 1 had a family illness
1 sustained a lower limb injury
1 lost to follow-up
A 4 A 4
Uninjured participants at baseline Injured participants at baseline
n=80 n=106
n=7 did not complete 6-month testing: n=13 did not complete 6-month testing:
1 missed this visit* 4 missed this visit*
[ —>
3 withdrew 4 withdrew
3 lost to follow-up 5 lost to follow-up
A 4 A 4
Uninjured participants at 6-month Injured participants at 6-month
follow-up follow-up
=73 n=93
n=10 did not complete 12-month n=11 did not complete 12-month
testing: 4 — > testing:
4 withdrew 5 withdrew
6 lost to follow-up 6 lost to follow-up
A 4 A 4
Uninjured participants at 12- Injured participants at 12-month
month follow-up follow-up
n=64 n=86

Figure 5.1: Participant Flow Chart (Baseline, 6-Month, and 12-Month Follow-Up)

*These participants returned for 12-month testing
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Of the 189 participants who enrolled, 150 (64 uninjured, 86 injured) participants completed

baseline, 6-month, and 12-month testing (79%). Three injured participants did not complete

baseline testing and 36 participants (16 uninjured, 20 injured) did not complete 12-month testing.

Characteristics of participants who withdrew or were lost to follow-up and reasons for missing

data at all timepoints are summarized in Appendices AB and AC, respectively.

Table 5.1: Participant Characteristics at Baseline.

Characteristic Uninjured Injured
(n=64) (n=86)
Sex (n, % female) 47 (73) 54 (63)

Age at injury (years)

Age at baseline (years)

BMI (kg/m?)

Type of injury (n, % ACL rupture)

Injury to baseline (months)

Baseline to 6-month follow-up (months)
Baseline to 12-month follow-up (months)
Main sport (n, % soccer)

Main sport level (n, % club)?

16.7 (10.9-20.1)
22.0 (14.5-36.4)

6.0 (4.3-9.1)
12.1 (10.9-16.4)
23 (36)

48 (75)

16.2 (11.0-19.7)
16.4 (11.2-19.9)
22.6 (15.9-41.1)

48 (56)
1.3 (0.3, 4.5)
6.3 (4.99.1)
12.4 (10.7-15.7)

25 (29)

50 (58)

Values represent median (range) unless otherwise noted

aCategories included recreational, club, school, varsity, provincial, national

ACL, anterior cruciate ligament; BMI, body mass index; CI, confidence interval; kg, kilogram; m, metre; n,

number of participants

Participant characteristics are summarized in Table 5.1. Knee injuries included ACL rupture
(56%), other tibiofemoral ligament injury (16%), patellar subluxation/dislocation (20%), isolated
meniscus injury (3%), intra-articular bony contusion (3%), and intra-articular fracture (1%).
Soccer was the most commonly played sport (32%). Of the 48 participants who ruptured their
ACL, 36 (75%) underwent ACL reconstruction prior to 12-month follow-up [median time from
injury to surgery 4.5 months (range 0.6-13.1) and median time from surgery to 12-month follow-

up 9.2 months (range 1.2-15.9)].
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Table 5.2: By Study Group, Outcome and Variables of Interest at Baseline, 6-Month, and 12-

Month Follow-Up.

Uninjured Injured
(n=64) (n=86)
Outcome or Baseline® 6-Month*  12-Month? Baseline?® 6-Month?*  12-Month?
Variable of
Interest
100 100 100 38 53 69
g?I%S)QOL 97-100° 94-100° 97-100° 19-50° 38-75b 44-8
56-100° 69-100° 56-100° 0-100°¢ 0-100° 0-100¢
MVPA 429 295 363 271 216 276
(attiies) 281-547° 212-381b 248-466° 184-363° 153-325°b 188-396°
110-1261° 97-567¢ 60-1054°¢ 58-824¢ 10-716¢° 53-1291¢
Peak knee extensor 1.93 1.90 1.91 1.37 1.71 1.77
torque 1.70-2.09° 1.72-2.09° 1.69-2.05° 1.03-1.76° 1.43-1.90° 1.49-2.00°
(Nm/kg) 0.77-2.31°¢ 1.29-2.89¢ 1.46-2.44¢ 0.28-2.23¢ 0.49-2.55°¢ 0.87-2.73¢
. . 0 0 0 33 10 4
EOC_(I)&I; intermittent 0-0° 0-0° 0-0b 21-54b 0-29b 0-17°
0-42°¢ 0-29¢ 0-50°¢ 0-96°¢ 0-75°¢ 0-71¢
TSK 36 34 35 41 37 34
(17-68) 32-40° 30-39° 30-40° 37-46° 34-420 30-40°
25-47¢ 20-46¢ 21-52¢ 22-56° 22-55¢ 20-48¢
RTS 494 62¢
(% yes) B B B (38, 60) (51,72)

aAll values represent median and Pinterquartile range or *minimum-maximum range due to the non-parametric

data distribution.

dProportion and 95% confidence interval

ICOAP, Intermittent and Constant Osteoarthritis Pain; kg, kilogram; KOOS QOL, Knee injury and
Osteoarthritis Outcome Score knee-related quality of life subscale; MVPA, moderate-to-vigorous physical
activity; n, number of participants; Nm, Newton-metre; RTS, return to sport; TSK, Tampa Scale for
Kinesiophobia; —, not applicable

All outcomes are summarized at each timepoint and by study group in Table 5.2 and by injury

type in Table 5.3. At 12 months, 45% of injured participants met or exceeded the KOOS QOL

PASS score compared to 95% of uninjured participants.?
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Table 5.4: Primary Multivariable Linear Regression Models Examining the Association of
Injury History and Sex with KOOS QOL Scores at All Timepoints.

Outcome Injury History? Sex” R’ n
Baseline KOOS QOL -61 (-66, -56) 1(-5,7) 0.74 149
6-month KOOS QOL -41 (-46, -35) 3(-10, 5) 0.50 145
12-month KOOS QOL -34 (-41, -26) 1 (-6, 8) 037 149

Values represent coefficient and 95%CI

All models accounted for clustering by sex and sport
Bolded font represents 95%CI does not encompass zero
aReference = uninjured participants

PReference = females

KOOS QOL, Knee injury and Osteoarthritis Outcome Score knee-related quality of life subscale; R?,
coefficient of determination; 95%CI, 95% confidence interval

Injured youth had lower KOOS QOL scores than uninjured youth at all timepoints, regardless of
sex. The magnitude of the KOOS QOL difference decreased over time [baseline: -61 (95%CI -
66, -55), 6-month follow-up: -41 (95%CI -46, -36), and 12-month follow-up: -33 (95%CI -40, -

26); Table 5.4]. The variance of KOOS QOL scores explained by injury history and sex
decreased from 74% at baseline to 50% at 6 months and 37% at 12 months.
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Table 5.5: Secondary Multivariable Linear Regression Model Examining the Association of
Injury History, Sex, Baseline KOOS QOL Scores, 12-Month MVPA, 12-Month Peak Knee
Extensor Torque, and 12-Month ICOAP Intermittent Pain Scores with 12-Month KOOS QOL
Scores.

Outcome Injury Sex® Baseline 12-Month  12-Month 12-Month R? n
History?* KOOS MVPA Knee Ext. ICOAP
(Primary QOL (min/week)  Strength  Intermittent®
Exposure) (0-100) (Nm/kg) (0-100)
12-Month -7.0 -4.6 0.3 0.02 10.0 -1.0 0.70 115

KOOSQOL  (-16.1,2.2) (-10.1,1.0) (0.1,0.5) (0.01,0.03) (2.6,17.4)  (-1.3,-0.7)
Values represent coefficient and 95%CI
This model accounted for clustering by sex and sport
Bolded font represents 95%CI does not encompass zero
aReference = uninjured participants
PReference = females
“Reverse scoring (lower scores indicate better outcomes)

Ext., extensor; ICOAP, Intermittent and Constant Osteoarthritis Pain measure; kg, kilogram; KOOS QOL,
Knee injury and Osteoarthritis Outcome Score knee-related quality of life subscale; min, minute; MVPA,
moderate-to-vigorous physical activity; n, number of participants; Nm, Newton-metre; QOL, quality of life; r2,
coefficient of determination; 95%CI, 95% confidence interval

Regardless of injury history and sex, greater baseline KOOS QOL scores (0.3; 95%CI 0.1, 0.5),
12-month normalized peak knee extensor torque (10.0; 95%CI 2.6, 17.4), and 12-month weekly
MPV A minutes (0.02; 95%CI 0.01, 0.03) as well as lower 12-month ICOAP scores (-1.0; 95%CI
-1.3,-0.7) were associated with higher 12-month KOOS QOL scores (R 0.70; Table 5.5).
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Table 5.6: Exploratory Multivariable Linear Regression Model (Injured Youth Only) Examining
the Association of Sex, Injury Type, Baseline KOOS QOL Scores, 6-Month MVPA, 6-Month
Peak Knee Extensor Torque, 6-Month ICOAP Intermittent Pain Scores, 6-Month TSK Scores,
and 6-Month RTS Status with 12-Month KOOS QOL Scores.

Outcome Sex?* Injury Baseline 6-Month 6-Month 6-Month 6- 6- R? n
Type® KOOS MVPA Knee Ext. ICOAP Month Month
QOL (min/week)  Strength  Intermittent® TSK° RTSH

(0-100) (Nm/kg) (0-100) (17-68)
12-Month 2.7 2038 -1.7
KOOS 7.7, (-309, - - - - (-2.5, - 033 8l
QOL 13.1) -10.7) -1.0)

Values represent coefficient and 95%CI

This model accounted for clustering by sex and sport
Bolded font represents 95%CI does not encompass zero
aReference = females

bReference = no ACL or meniscus injury

“Reverse scoring (higher scores indicates worse outcomes)
dReference = no RTS

Ext., extensor; ICOAP, Intermittent and Constant Osteoarthritis Pain measure; kg, kilogram; KOOS, Knee
injury and Osteoarthritis Outcome Score; min, minute; MVPA, moderate-to-vigorous physical activity; n,
number of participants; Nm, Newton-metre; QOL, quality of life; 12, coefficient of determination; RTS, return
to sport; TSK, Tampa Scale for Kinesiophobia; 95%CI, 95% confidence interval

When considering injured participants only, having an ACL and/or meniscus injury (-20.8;
95%CI -30.9, -10.7) and higher 6-month TSK scores (-1.7; 95%CI -2.5, -1.0) were negatively
associated with 12-month KOOS QOL scores (Table 5.6). No associations were found for sex,
baseline KOOS QOL scores, or 6-month peak knee extensor torque, weekly MVPA minutes, and
ICOAP scores

54  DISCUSSION

This is the first study to identify deficits in knee-specific HRQoL at baseline (within 4 months
post-injury), 6-month, and 12-month follow-up of youth with a broad range of intra-articular,
sport-related knee injuries compared to uninjured controls. Although knee-specific HRQoL
improved over time, significant deficits persisted at 12-month follow-up. The injury also
contributed less to knee-specific HRQoL as time progressed. No sex-based differences in knee-
specific HRQoL were found. The relationship between injury and 12-month knee-specific
HRQoL disappeared when baseline knee-specific HRQoL, knee extensor strength, physical
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activity, and intermittent pain were considered, revealing the complexity of this construct.
Among injured youth, an ACL and/or meniscus injury and increased fear of re-injury may

contribute to worse knee-specific HRQoL.

Our study has contributed to the trajectory of knee-specific HRQoL following a sport-related
knee injury in youth. Previous research demonstrates knee-specific HRQoL deficits at 6
months,*** 12 months,*® and 24 months*’ after ACLR compared to uninjured youth. However,
these deficits are not unique to ACL injury or surgery and can be detected following various
intra-articular knee injuries. It is evident that injured youth experience worse knee-specific
HRQoL than their peers which is concerning given how many years youth may live with these

deficits.

One key finding is that the knee injury explained less variance in knee-specific HRQoL over
time while other factors may emerge as potentially important contributors. This might be due to
youth gradually learning to cope with or overcome physical, psychological, and social injury
consequences. Perhaps general aspects of knee health contribute more to knee-specific HRQoL
over time. This hypothesis is supported by our secondary model that found injury history was not
associated with 12-month knee-specific HRQoL. Instead, youth who had higher baseline knee-
specific HRQoL, stronger quadriceps, increased physical activity, and less intermittent pain
reported greater knee-specific HRQoL. This aligns with previous research indicating that generic

HRQoL of uninjured youth is associated with being physically fit and active'! and pain-free.'?

We did not find a relationship between sex and knee-specific HRQoL in youth with a sport-
related knee injury at any timepoint. Sex-based differences may not have been detected as our

sample had more females than males.

Our exploratory findings suggest that youth with an ACL and/or meniscus injury and heightened
fear of re-injury at 6 months reported worse knee-specific HRQoL at 12 months which is
consistent with previous research.” 2* These youth are possibly at greater risk of having persistent

knee-specific HRQoL deficits and should be targeted with future treatment strategies.
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5.4.1 Research Recommendations

This study demonstrates how including uninjured controls of similar demographics is essential to
understanding how knee-specific HRQoL is unique to injured youth, including what factors may
influence it. We mostly examined physical factors (e.g., knee muscle strength, physical activity),
so future research should assess how psychological (e.g., confidence, depression) and social
(e.g., social support) factors contribute to knee-specific HRQoL.*! Examining these factors in
adequately powered models can inform future interventions. Lastly, researchers should
understand how gender (sociocultural construct) impacts knee-specific HRQoL and aim to

recruit an equal number of girls/women and boys/men to assess gender-based differences.

5.4.2 Clinical Implications

From our findings, we recommend measuring knee-specific HRQoL early and often after a sport-
related knee injury. To thoroughly understand knee-specific HRQoL, clinicians can use credible
patient-reported outcome measures (e.g., KOOS, ACL QOL questionnaire*?) and directly ask
patients about their physical, psychological, and social health. Patients with an ACL and/or
meniscus injury, low baseline QOL values, and elevated fear of re-injury should be closely
monitored as they may experience persistent knee-specific HRQoL deficits. Until further
research is performed, treatment strategies focused on increasing quadriceps strength and MVPA

while decreasing knee pain may be a good starting point to improve knee-specific HRQoL.

5.4.3 Strengths and Limitations

Our strengths include having uninjured controls of similar demographics, which allowed us to
control for some confounding by age, sex, and sport participation, and assessing sex-based
differences. Twenty-nine (34%) injured participants were also patients of study physiotherapists
which may augment retention but also introduce implicit bias favouring these participants (e.g.,
being more encouraging with familiar participants). Despite using many participant retention
strategies (e.g., email and text reminders, parking reimbursement), a larger proportion of males
withdrew or were lost to follow-up and possibly prevented us from identifying sex-based
differences. As knee-specific HRQoL is more likely to be associated with gender than sex, not
capturing and considering gender is a limitation. Lastly, the final 13 months of our study

overlapped with the COVID-19 pandemic. Following the CONSERVE statement,* we
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summarized the impact, mitigation strategies, and study modifications due to COVID-19 in

Appendix Z.

5.5 CONCLUSION

Youth who experience a sport-related knee injury demonstrate significant and persistent knee-
specific HRQoL deficits at 12-month follow-up compared to uninjured controls. Over time, the
injury contributed less to knee-specific HRQoL while modifiable factors like knee extensor
strength, physical activity, and intermittent pain emerged as potentially important contributors.
Youth with an ACL or meniscus injury, low baseline knee-specific HRQoL, and heightened fear
of re-injury may be susceptible to poor knee-specific HRQoL. As knee-specific HRQoL reflects

knee health, restoring it should be a main goal of rehabilitation.
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CHAPTER 6: DISCUSSION AND CONCLUSIONS

The overarching purpose of this doctoral research is to better understand 1) how to measure
HRQoL of active youth, 2) how HRQoL is altered by a youth sport-related knee injury, and 3)
what physical, psychological, and social consequences of injury are associated with HRQoL in
active youth. The 4 studies presented in chapters 2 to 5 address these aims, contribute novel
information about HRQoL of youth who experience a sport-related knee injury, and provide
considerations for future research and clinical practice on this topic. The chapter summaries

below highlight these contributions.

6.1 CHAPTER SUMMARIES

6.1.1 Chapter 2: Searching for the Holy Grail: A Systematic Review of Health-Related
Quality of Life Measures for Active Youth

Objective: To identify the most suitable existing PROMs for measuring generic and condition-
specific HRQoL of active youth with and without a musculoskeletal injury based on measurement

properties, interpretability, and feasibility.

This systematic review identified and evaluated 18 (11 generic and 7 condition-specific) PROMs
that have been used to assess HRQoL of active youth. We concluded that no robust HRQoL
PROM currently exists to measure generic or condition-specific HRQoL of youth, including
those who experience a sport-related knee injury, due to a lack of sufficient measurement
properties and adequate information about interpretability or feasibility. In particular, none of the
identified PROMs had sufficient content validity which indicates that they may not be relevant,
comprehensive, and comprehensible to active youth. With that said, 2 generic (DPA-MSC SF-8
and QoL Survey) and 1 condition-specific (FAST for the upper extremity) HRQoL PROMs were
judged to be the most suitable existing PROMs for active youth as they demonstrated sufficient

structural validity and internal consistency.
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6.1.2 Chapter 3: What Does the Future Hold? Health-Related Quality of Life 3-12 Years
Following a Youth Sport-Related Knee Injury

Objectives: To assess generic and knee-specific HRQoL in individuals with a 3-12 year history
of a youth sport-related knee injury compared to uninjured controls and to examine what

variables may influence the relationship between injury history and HRQoL.

This secondary analysis of data from the Alberta Youth PrE-OA cohort study revealed that youth
with a previous sport-related knee injury report worse long-term knee-specific but similar generic
HRQoL compared to uninjured controls of similar age, sex, and sport participation. These
findings suggest that generic and knee-specific HRQoL may be distinct constructs with different
trajectories and determinants following a youth sport-related knee injury. Exploratory analyses
showed that long-term generic HRQoL may be negatively associated by intermittent knee pain
and lower physical activity levels, regardless of injury history. Conversely, long-term knee-
specific HRQoL may be negatively associated with a previous sport-related knee injury,
especially an ACL rupture with subsequent ACLR, and intermittent knee pain. No evidence of an
association between time since injury, BMI, and knee extensor or flexor strength and generic or

knee-specific HRQoL was found.

6.1.3 Chapter 4: Comparing Short-Term Knee-Specific Health-Related Quality of Life
and Associated Health Outcomes between Youth with and without a Sport-Related Knee
Injury

Objectives: To compare changes in knee-specific HRQoL and associated health outcomes over a
6-month period between youth with and without a recent sport-related knee injury and to explore
the influence of sex, injury type, baseline values, and physiotherapy attendance on the

relationship between injury history and knee-specific HRQoL.

This preliminary analysis of data from a prospective, inception cohort study showed that youth
with a wide range of sport-related knee injuries demonstrate poorer short-term knee-specific
HRQoL, knee extensor and flexor weakness, and heightened kinesiophobia compared to
uninjured controls. Although these outcomes improved over the study period, deficits remained

at 6-month follow-up. Sex did not appear to influence the relationship between injury history and
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early changes in knee-specific HRQoL or associated health outcomes. In exploratory analyses of
data from injured youth only, short-term changes in knee-specific HRQoL were negatively
associated with having an ACL rupture and/or meniscus injury (vs. other intra-articular knee
injuries) and lower baseline knee-specific HRQoL. No evidence of an association between sex or

physiotherapy attendance and early changes in knee-specific HRQoL was found.

6.1.4 Chapter 5: Youth with a Sport-Related Knee Injury Exhibit Significant and
Persistent Knee-Specific Health-Related Quality of Life Deficits at 12-Month Follow-Up
Compared to Uninjured Peers

Objectives: To compare knee-specific HRQoL between youth with and without a sport-related
knee injury at baseline, 6-month, and 12-month follow-up and to assess the association of injury
history, sex, and other health outcomes associated with HRQoL with 12-month knee-specific
HRQoL.

This prospective, inception cohort study demonstrated that active youth with a wide range of
sport-related knee injuries exhibit poorer knee-specific HRQoL after a 12-month follow-up
period, despite reporting improvements over time and regardless of sex. By including an
uninjured control group, this cohort study revealed that injury history explained less variance in
short-term knee-specific HRQoL as time since injury progressed. Additionally, the relationship
between injury history and knee-specific HRQoL at 12-month follow-up disappeared when we
factored in other variables of interest. Specifically, higher baseline knee-specific HRQoL, greater
knee extensor strength, higher levels of physical activity, and lower intermittent knee pain were
positively associated with knee-specific HRQoL at 12-month follow-up. In exploratory analyses
of data from injured youth only, ACL rupture and/or meniscus injury (vs. other intra-articular
knee injuries) and higher kinesiophobia at 6-month follow-up were negatively associated with
knee-specific HRQoL at 12-month follow-up. No evidence of an association between knee
extensor strength, MVPA, intermittent pain, and RTS status at 6-month follow-up and knee-

specific HRQoL at 12-month follow-up was found.
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6.2 GENERAL DISCUSSION

The following sections highlight the novel contributions of this doctoral research pertaining to
measuring HRQoL of active youth, understanding the trajectory of HRQoL of youth with a
sport-related knee injury, and identifying potential determinants of their HRQoL.

6.2.1 Measuring Health-Related Quality of Life after a Youth Sport-Related Knee Injury
Two key discussion points arise from this thesis regarding the measurement of HRQoL
following a youth sport-related knee injury:

1. The lack of robust PROMs to measure HRQoL in active youth.

2. Generic and knee-specific HRQoL are unique constructs.

Chapter 2 presents novel information about the paucity of robust PROMs to measure generic and
knee-specific HRQoL in active youth. Due to unproven measurement properties of available
PROMs, we must cautiously interpret and apply the findings of studies that have assessed
generic or knee-specific HRQoL in active youth, including the research contained in Chapters 3-
5. Nonetheless, the evidence to date should not be abandoned entirely as “the absence of

evidence is not evidence of absence.”

Many items and domains on PROMs commonly used to assess generic HRQoL of adults (e.g.,
EQ-5D-5L,! EQ-VAS!, SF-36%) and generic HRQoL of youth (e.g., KIDSCREEN-52,° PedsQL?)
are likely relevant to active youth. For example, the SF-36 captures pain which is a potential
determinant of generic HRQoL of active youth® and the PedsQL has domain for school
functioning which is important to consider for general youth.® However, these PROMs do not
include aspects of generic HRQoL that may be important to active youth, such as participating in
preferred sports or recreational activities or receiving support from teammates or coaches. With
that said, a major strength of generic HRQoL PROMs is the ability to compare findings across
different populations or conditions. Therefore, we must further evaluate the measurement

properties of commonly used generic HRQoL PROMs in active youth populations.

Despite the lack of evidence for measurement properties in active youth, certain knee-specific

PROMSs may be promising for this population, including the KOOS QOL subscale’ and ACL
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QOL questionnaire.® All 4 items of the KOOS QOL (i.e., awareness of your knee problem,
lifestyle modifications, lack of knee confidence, and general knee difficulty) are relevant for
measuring knee-specific HRQoL in adults following an ACL rupture or ACLR® and may be
relevant to active youth following an ACL rupture or ACLR as well. As it has been widely used,
a notable benefit of the KOOS QOL is the ability to compare knee-specific HRQoL across
demographic groups and injury/condition types. It has demonstrated sufficient measurement
properties in adults with an ACL rupture, focal cartilage lesion, or osteoarthritis.!% ! A critique
of the KOOS QOL is that it might lack comprehensiveness as it only consists of 4 items.
Conversely, the ACL QOL is considered more comprehensive for measuring knee-specific
HRQoL of active youth. The ACL QOL captures physical, psychological, and social aspects of
HRQoL in 32 items spread over 5 domains (i.e., symptoms and physical complains, work-related
concerns, recreational activities and sports participation, lifestyle, and social and emotional
concerns). These items are relevant to adults with chronic ACL deficiency® and many are also
likely relevant to active youth. With that said, the ACL QOL requires adapting for youth
populations and knee injuries beyond ACL ruptures.

The findings from chapter 3 reinforce the concept that generic and knee-specific HRQoL
represent distinct constructs with different trajectories and potential determinants following a
youth-sport related knee injury. Previous systematic reviews describe long-term deficits in knee-
specific HRQoL following an ACL rupture or ACLR.!'> 3 However, the evidence of long-term
generic HRQoL is less consistent with deficits reported in 1 review'* but not others.'* 13 It should
be noted that our ability to compare differences in the trajectory of generic and knee-specific
HRQoL of active youth may be hindered by ceiling effects that can occur when measuring
generic HRQoL over the long-term (>5 years since injury).!> Regarding potential determinants,
our findings propose that having a previous knee injury and lower physical activity levels may
influence knee-specific but not generic HRQoL. Taken together, these findings underscore the
need to measure and monitor both generic and knee-specific HRQoL at regular intervals
following youth sport-related knee injuries to gain a better understanding of their unique

trajectories and determinants.
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6.2.2 Mapping Health-Related Quality of Life after a Youth Sport-Related Knee Injury
Three key discussion points arise from this thesis regarding the trajectory of HRQoL following a
youth sport-related knee injury:

1. The importance of including an uninjured comparison group.

2. The importance of including knee injuries beyond ACL ruptures and ACLR.

3. The magnitude of the relationship between youth sport-related knee injuries and HRQoL.

One of the key strengths of the research contained in chapters 3-5 is including uninjured controls
of similar age, sex and sport or activity participation. Understanding how a sport-related knee
injury impacts generic and knee-specific HRQoL of youth (i.e., signal) is a primary aim of this
work. However, the natural changes to biology and social roles that epitomize the life stage of
youth (i.e., noise) are also likely to impact HRQoL. By including an uninjured comparison
group, we were able to control for some confounding that might stem from these natural changes
(i.e., enhanced the signal-to-noise ratio) which instills more confidence in our conclusion that
youth sport-related knee injuries are associated with significant short- and long-term knee-
specific HRQoL. In particular, knee-specific HRQoL following a youth sport-related knee injury
seems to improve with time since injury where the greatest improvements occur over an initial
12-month period then more gradual improvements are observed between 3-12 years post-injury
(Figure 6.1). Considering the similar trajectories of knee-specific HRQoL following any sport-
related knee injury or ACL rupture and ACLR, we must assess this construct beyond 10 years to
determine if it also declines. Although we are unable to comment on short-term changes in

generic HRQoL, it does not appear to be negatively impacted over the long-term.

It should be noted that there are limitations to using knee-specific HRQoL PROMs in uninjured
populations as these PROMs are intended for use in individuals with knee injuries or conditions.
For example, the item “How often are you aware of your knee problem?” of the KOOS QOL
subscale used in chapters 3-5 may be challenging to answer if one does not have a knee injury.
However, other items in the KOOS QOL, such as “Have you modified your lifestyle to avoid
potentially damaging activities to your knee?”” or “In general, how much difficulty do you have
with your knee?”, are likely relevant and comprehensible to both injured or uninjured

individuals.
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Figure 6.1: Updated KOOS QOL Subscale Scores for Youth Cohorts with a Sport-Related Knee

Injury to Include Novel Contributions from this Thesis

The novel contributions from this doctoral research are represented by the graph points with stars.

Data is from studies that found significant between-group differences in mean or median KOOS QOL subscale
scores (0-100) between youth with a sport-related knee injury and uninjured controls. Active youth normative
values were obtained from Cameron et al. (2013).!6

A novel contribution of the research summarized in chapters 3-5 is establishing a relationship
between a wide range of youth sport-related knee injuries — including ACL ruptures, ACLRs,
meniscus injuries, collateral ligament sprains, patella subluxations or dislocations, intra-articular
bony contusions, and intra-articular fractures — and knee-specific HRQoL. While various youth
sport-related knee injuries are linked with knee-specific HRQoL, the relationships between
different injury types and knee-specific HRQoL are likely unique. Specifically, our exploratory

analyses confirm what has only been speculated up to this point: that ACL ruptures and meniscus
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injuries likely have the greatest negative impact on knee-specific HRQoL compared to other
knee injuries. However, when we consider that a wide range of sport-related knee injuries are

17,18

also associated with an elevated risk of osteoarthritis, we should encourage future research to

investigate the long-term consequences of all youth sport-related knee injuries.

The studies presented in chapters 3-5 also provide an estimate of the magnitude of the
relationship between youth sport-related knee injuries and HRQoL. Whereas previous studies
have compared HRQoL of injured youth to uninjured controls or population norms with
univariable statistics [i.e., t-tests,'*** analysis of variance (ANOVA),?-* Mann-Whitney U
tests,>*3? Kruskal-Wallis tests*®], we have used regression analyses which not only detect
statistically significant between-group differences, but also provide an estimate of the magnitude
of the between-group difference. Our analyses reveal that youth sport-related knee injuries result
in short-term deficits in knee-specific HRQoL and underscore how substantial, and very likely
meaningful, these deficits are.>* Furthermore, our primary regression model in chapter 5
demonstrated that injury history explains less variance in knee-specific HRQoL with greater time
since injury,* alluding to the complexity of HRQoL. Moving forward, future studies should
account for time since injury in statistical analyses to better understand how HRQoL may change

over time.

6.2.3 Identifying Potential Determinants of Health-Related Quality of Life After a Youth
Sport-Related Knee Injury
Three key discussion points arise from this thesis regarding the potential determinants of HRQoL
following a youth sport-related knee injury:

1. Sex may not be a determinant of generic or knee-specific HRQoL.

2. Intermittent knee pain, physical activity levels, and injury type are potential determinants

of knee-specific HRQoL.
3. The importance of adjusting for baseline (i.e., post-injury) knee-specific HRQoL values

in future research.

We did not find any evidence that sex influences generic or knee-specific HRQoL> 3% %

following a youth sport-related knee injury (Table 6.1).° This observation is consistent with
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R12, 13,36, 37 and

systematic reviews involving youth and adults with an ACL rupture or ACL
reinforces the argument that sex may not be a determinant of HRQoL after a knee injury. This is
not surprising as sex is a biological construct comprising of features such as chromosomes,
hormone levels, and reproductive anatomy.*® Perhaps we should assess the influence of gender
on HRQoL. Gender refers to “socially constructed roles, behaviours, expressions, and
identities.”*® As HRQoL incorporates an individual’s perceptions, experiences, expectations, and
beliefs, gender possibly has a greater impact on HRQoL than sex. For example, the gender
differences observed in social relationships (where men focus on independence while women

seek support)* may affect how one perceives their social health and overall HRQoL following

an injury.
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Findings from chapters 3-5 provide preliminary evidence that intermittent knee pain, lower
MVPA, knee extensor weakness, and kinesiophobia are potentially negative determinants of
generic or knee-specific HRQoL at varying timepoints following a youth sport-related knee
injury (Table 6.1). Establishing the link between intermittent knee pain, moderate-to-vigorous
physical activity, knee extensor strength, and fear of re-injury in adequately powered studies is
essential to determine if these variables represent treatment targets for optimizing HRQoL. The
relationship between these variables and HRQoL appear to change with time, so identifying
when these relationships have the greatest magnitude of effect can inform the timing of
treatments. We also have preliminary evidence that youth with an ACL rupture or meniscus
injury experience the worst deficits in knee-specific HRQoL which indicates they might be a
target population of future treatment strategies. However, we must remember that youth with any
traumatic, sport-related knee injury demonstrate persistent knee-specific HRQoL deficits and
may also benefit from these treatment strategies. Although we found no association between
obesity, RTS status, time since injury, or physiotherapy attendance and HRQoL, our analyses

were exploratory and more research is required to investigate these relationships.

Baseline knee-specific HRQoL appeared to influence the relationship between youth sport-
related knee injuries and short-term knee-specific HRQoL (Table 6.1).>* 3 Therefore,
researchers should consider adjusting for baseline HRQoL values in future longitudinal studies.
Specifically, baseline HRQoL values should be considered when calculating sample size and

building regression models.

6.3 FUTURE DIRECTIONS
The following sections describe implications for future research and clinical practice based on

the current evidence, including this doctoral work.

6.3.1 Research Implications

Future research should seek to (re-)assess the measurement properties of commonly used generic
and knee-specific HRQoLL PROMs when used in active youth. Establishing sufficient content
validity is of the highest priority. This includes gathering qualitative data that can be used to

ascertain the degree to which a PROM is relevant, comprehensive, and comprehensible to active
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youth. Future evaluation should be guided by the evidence-based COSMIN methods to ensure
that measurement properties are rigorously assessed and interpretability and feasibility
characteristics are thoroughly described. These COSMIN tools, which are free to download on
their website, can also be leveraged to guide the development of new HRQoL PROM:s. Until
robust PROMs are identified, researchers should consider selecting commonly used generic (e.g.,
EQ-VAS, SF-36, PedsQL) and knee-specific (e.g., KOOS QOL, ACL QOL) HRQoL PROMs as
their findings can be compared across different demographic groups. Additionally, qualitative
methodology can be employed to better understand what HRQoL means to active youth and how

it might change after a sport-related knee injury.

There are still gaps to be filled about the trajectory of generic and knee-specific HRQoL
following a youth sport-related knee injury. We currently lack information on the short- and
medium-term generic HRQoL and long-term (particularly >10 years as seen in Figure 6.1) knee-
specific HRQoL trajectories. Researchers should focus on these timepoints when comparing
generic and knee-specific HRQoL in injured and uninjured youth. Furthermore, it is imperative
that future studies include youth with a wide range of sport-related knee injuries and uninjured
controls to better understand the burden of knee injuries in this vulnerable population. A true
grasp of this burden requires moving beyond ACL ruptures and examining the impact of all knee

injuries on youth HRQoL.

Identifying modifiable and non-modifiable determinants of generic or knee-specific HRQoL
following a youth sport-related knee injury can inform targets of future treatment strategies and
treatment target populations, respectively. Intermittent knee pain, MVPA, knee extensor
strength, and kinesiophobia should be investigated alongside other psychological (e.g., self-
efficacy, anxiety, depression) and social (e.g., social support, therapeutic alliance) health
outcomes. Given that some psychological or social outcomes may be difficult to measure
quantitatively, conducting qualitative research in active youth can provide a more comprehensive
understanding of their HRQoL determinants. Regarding non-modifiable possible determinants of
HRQoL, we were only able to examine injury type but not surgical management or time since
surgery due to sample size limitations. Assessing these injury-related outcomes may point to

subgroups of active youth who are at greatest risk of HRQoL deficits and may benefit the most
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from treatment strategies to boost HRQoL. Other variables to consider in future studies that may
modify or confound the relationship between youth sport-related knee injuries and HRQoL
include structural (e.g., socioeconomic status, healthcare accessibility) and demographic (e.g.,
gender) factors. Last, researchers should investigate if a relationship between generic and knee-

specific HRQoL exists in this population.

6.3.2 Clinical Implications

Health-related quality of life provides an all-encompassing snapshot into one’s overall health and
knee health. Unfortunately, it is not traditionally used as an indicator of recovery following a
knee injury with heavy emphasis placed on short-term rehabilitation goals such as RTS.
However, clinicians should be aware of the lingering impact of youth sport-related knee injuries
on short- and long-term HRQoL. Measuring generic and knee-specific HRQoL early and often
after a knee injury can provide clinicians with a general sense of how a patient perceives their
health. Responses from PROMs can be supplemented with responses from open-ended questions
about overall health (e.g., “How do you feel about your overall health today?”) and knee health
(e.g., “How has your knee impacted your life in the last week?”’) to create tailored treatment

strategies to optimize HRQoL.

Clinicians should note that a wide range of sport-related knee injuries lead to reduced short- and
long-term knee-specific HRQoL in active youth. Although youth with an ACL rupture or
meniscus injury may require closer monitoring as they tend to report greater deficits in knee-
specific HRQoL, youth with any traumatic, sport-related knee injury are also at risk for these
deficits. Our preliminary findings indicate that increasing MVPA and quadriceps strength while
reducing intermittent knee pain and kinesiophobia are possible strategies to boost knee-specific

HRQoL.

6.4  CONCLUSIONS

Following youth sport-related knee injuries, we must measure and monitor both generic and
knee-specific HRQoL. This thesis revealed that youth who experience a wide range of sport-
related knee injuries — including ACL ruptures and beyond — demonstrate significant and

persistent deficits in knee-specific HRQoL compared to uninjured controls. It also provides
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preliminary evidence that intermittent knee pain, MVPA, knee extensor strength, kinesiophobia,

and injury type are potential determinants of HRQoL. Equipped with this knowledge, our

attention must now turn to identifying robust PROMs to measure HRQoL in this population and

developing treatment strategies to minimize the lingering impact of youth sport-related knee

injuries on HRQoL.
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Appendix A: Health Consequences in Youth with a Sport-Related Knee Injury (Chapter 1)

The following data extracted from studies examining youth (i.e., sample mean age between 15-24 years old) and comparing to

uninjured controls or population norms.

Time since Injury or Surgery

Health Domain

Consequence

Short-Term (0-2 Years)

Medium-Term (2-5 Years)

Long-Term (>5 Years)

Physical

Pain

Casp et al. (2021)": lower KOOS pain
scores in individuals with ACLR
(n=165, mean range 90.45-92.37) than
controls (mean 98.58) at 6 months
post-surgery (p<0.001)

Fleming et al. (2013)?: lower KOOS
pain scores in individuals with ACLR
(n=85, mean range 88.3-90.21) than
controls (mean 97.9) at 12 months
post-surgery (p<0.01)

Thorlund et al. (2012)*: lower KOOS
pain scores in individuals with ACL
rupture or ACLR (n=39, mean 79.8)
than controls (mean 98.8) at 22
months post-injury (p<0.001)

Antosh et al. (2018)*: lower KOOS
pain scores in individuals with ACLR
(n=30, mean 90.30) than controls
(mean 98.86) at 24 months post-

surgery (p<0.01)

Fleming et al. (2013)%: lower KOOS
pain scores in individuals with ACLR
(n=85, mean range 90.5-91.1) than
controls (mean 96.2) at 3 years post-
surgery (p<0.05)

Myklebust et al. (2017)°: lower KOOS
pain scores in individuals with ACL
rupture or ACLR (n=80, mean 86.1)
than controls (mean 96.1) at 3.5 years

post-injury (between-group difference
10.0; 95%Cl1 6.7, 13.0)

Miko et al. (2021)%: lower KOOS pain
scores in individuals with ACLR
(n=14, mean 84.6) than controls
(mean 99.8) at 3.8 years post-surgery
(p<0.001)

Hoch et al. (2018)": lower KOOS pain
scores in individuals with ACLR
(n=20, mean 91.7) than controls
(mean 100.0) at 4.2 years post-surgery
(p<0.05)

Delahunt et al. (2012)3: lower KOOS
pain scores in individuals with ACLR
(n=14, mean 91.6) than controls

Lepley et al. (2019)°: lower KOOS
pain scores in individuals with ACLR
(n=11, mean 90.6) than controls
(mean 100.0) at 5.8 years post-surgery
(p<0.001)

Akelman et al. (2016)'%: lower KOOS
pain scores in individuals with ACLR
(n=36, mean 90.6) than controls
(mean 96.0) at 7 years post-surgery
(p<0.05)

Lohmander et al. (2004)'!: lower
KOOS pain scores in individuals with
ACL rupture or ACLR (n=84, mean
83) than reference group (mean 95) at
12 years post-injury (p<0.001)

von Porat et al. (2004)!2: lower KOOS
pain scores in individuals with ACL
rupture or ACLR (n=154, mean 85)
than reference group (mean 96) at 14
years post-injury (p<0.05)

Tengman et al. (2014)'3: lower KOOS
pain scores in individuals with ACL
rupture or ACLR (n=70, mean range
78-85) than controls (mean 99) at 23
years post-injury (p<0.001)
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(mean 99.8) at 4.4 years post-surgery
(p<0.05)

Whittaker et al. (2019)'*: lower KOOS
pain scores in individuals with any
traumatic knee injury (n=100, mean
89) than controls (mean 100) at 6.9
years year post-injury (between-group
difference -4.9; 95%CI -7.0, -2.7)

Knee
symptoms

Casp et al. (2021)!: lower KOOS
symptoms scores in ACLR groups
(n=165, mean range 84.08-84.22) than
controls (mean 96.11) at 6 months
post-surgery (p<0.001)

Fleming et al. (2013)%: lower KOOS
symptoms scores in individuals with
ACLR (n=85, mean range 79.6-85.1)
than controls (mean 95.9) at 12
months post-surgery (p<0.01)

Thorlund et al. (2012)%: lower KOOS
symptoms scores in individuals with
ACL rupture or ACLR (n=39, mean
72.6) than controls (mean 98.5) at 22
months post-injury (p<0.001)

Antosh et al. (2018)*: lower KOOS
symptoms scores in individuals with
ACLR (n=30, mean 80.93) than
controls (mean 95.63) at 24 months
post-surgery (p<0.01)

Fleming et al. (2013)?: lower KOOS
symptoms scores in in individuals
with ACLR (n=85, mean range 82.3-
86.21) than controls (mean 93.79) at 3
years post-surgery (p<0.01)

Myklebust et al. (2017)°: lower KOOS
symptoms scores in individuals with
ACL rupture or ACLR (n=80, mean
75.0) than controls (mean 88.5) at 3.5
years post-injury (between-group
difference 13.0; 95%CI 9.0, 18.0)

Miko et al. (2021)%: lower KOOS
symptoms scores in individuals ACLR
(n=14, mean 73.5) than controls
(mean 99.4) at 3.8 years post-surgery
(p<0.001)

Hoch et al. (2018)7: lower KOOS
symptoms scores in individuals with
ACLR (n=20, mean 78.6) than
controls (mean 98.3) at 4.2 years post-
surgery (p<0.05)

Delahunt et al. (2012)%: lower KOOS
symptoms scores in individuals with
ACLR (n=14, mean 85.0) than
controls (mean 98.4) at 4.4 years post-
surgery (p<0.05)

Lepley et al. (2019)°: lower KOOS
symptoms scores in individuals with
ACLR (n=11, mean 83.4) than
controls (mean 100.0) at 5.8 years
post-surgery (p=0.001)

Akelman et al. (2016)': lower KOOS
symptoms scores in individuals with
ACLR (n=72, mean range 85.3-85.8)
than controls (mean 93.0) at 5 years
post-surgery (p<0.05); lower KOOS
symptoms scores in individuals with
ACLR (n=72, mean range 82.5-85.8)
than controls (mean 92.4) at 7 years
post-surgery (p<0.05)

Lohmander et al. (2004)'!: lower
KOOS symptoms scores in individuals
with ACL rupture or ACLR (n=84,
mean 76) than reference group (mean
94) at 12 years post-injury (p<0.001)

von Porat et al. (2004)!%: lower KOOS
symptoms scores in individuals with
ACL rupture or ACLR (n=154, mean
76) than reference group (mean 46) at
14 years post-injury (p<0.05)

Tengman et al. (2014)'3: lower KOOS
symptoms scores in individuals with
ACL rupture or ACLR (n=70, mean
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range 72-79) than controls (mean 98)
at 23 years post-injury (p<0.001)

Whittaker et al. (2019)'*: lower KOOS
symptoms scores in individuals with
any traumatic knee injury (n=100,
mean 86) than controls (mean 96) at
6.9 years year post-injury (between-
group difference -8.1; 95%CI -11.2, -
5.0)

Knee muscle
weakness

Casp et al. (2021)!: lower isokinetic
knee extensor and flexor peak torque
in individuals with ACLR (n=165,
mean range 1.45-1.58 Nm/kg and
0.86-0.88 Nm/kg, respectively) than
controls (mean 2.08 Nm/kg and 0.96
Nm/kg, respectively) at 6 months
post-surgery (p<0.001)

aBrown et al. (2021)'3: weaker
isometric or isokinetic knee extensor
strength in individuals with ACLR
(n=236) than controls at 5 months
post-surgery (SMD -1.42; 95%CI -
1.62, -1.23); weaker isometric or
isokinetic knee extensor strength in
individuals with ACLR (n=84) than
controls at 9 months post-surgery
(SMD -0.38; 95%CI -1.18, -0.66)

Hiemstra et al. (2007)'®: lower
isokinetic knee extensor and flexor
strength in individuals with ACLR
(n=12, mean 2.18 Nm/kg and 1.09
Nm/kg, respectively) than controls
(mean 2.88 Nm/kg and 1.44 Nm/kg,
respectively) at 3.3 years post-surgery
(p<0.05)

Whittaker et al. (2019)'*: lower
isometric knee extensor and flexor
strength in individuals with any
traumatic knee injury (n=100, mean
1.8 Nm/kg and 0.9 Nm/kg,
respectively) than controls (mean 1.8
Nm/kg and 1.1 Nm/kg, respectively)
at 6.9 years year post-injury (between-
group difference -0.18 Nm/kg; 95%CI
-0.33,-0.02 and -0.21 Nm/kg; 95%CI
-0.30, -0.11, respectively)

Physical
inactivity

Zult et al. (2017)!7: lower self-
reported physical activity in
individuals with ACL rupture (n=32,
mean 2.6 hours/week) than controls
(mean 6.6 hours/week) at 7 months
post-injury (p<0.05)

Ezzat et al. (2021)'®: lower vigorous
physical activity in individuals with

Bell et al. (2017)"°: lower MVPA and
step count in individuals with ACLR
(n=33, mean 79.37 minutes/day and
8158 steps/day, respectively) than
controls (mean 93.12 minutes/day and
9769 steps/day, respectively) at 2.3
years post-surgery (p=0.02)

Toomey et al. (2022)?!: lower MVPA
in individuals with any traumatic knee
injury (n=42, mean 55.5 minutes/day)
than controls (mean 67.3 minutes/day)
at 8.1 years post-injury (between-
group difference 13.5; 95%CI -25.6, -
1.4)
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ACLR (n=51, mean 1.1 minutes/day)
than controls (mean 2.6 minutes/day)
at 1 year post-surgery (between-group
difference -1.22 minutes/day; 95%CI -
2.40, -0.04)

Kuenze et al. (2019)*: lower odds of
meeting national physical activity
guidelines (=150 minutes of MVPA
per week) in individuals with ACLR
(n=59) than controls at 2.5 years post-
surgery (OR 2.36; 95%CI 1.09, 5.08)

Obesity

Toomey et al. (2017)?*: higher FMI,
fat mass percentage, and abdominal
fat in individuals with any traumatic
knee injury (n=100, mean 5.6 kg/m?,
22.2%, and 1479 g, respectively) than
controls (mean 4.6 kg/m?, 20.2%, and
1241 g, respectively) at 6.9 years year
post-injury (between-group difference
1.05 kg/m?; 95%C1 0.53, 1.57, 2.3%;
95%C1 0.97,2.63, 461 g; 95%CI 228,
694, respectively)

Psychological

Kinesiophobia

Hoch et al. (2018)”: higher TSK-11
scores in individuals with ACLR
(n=20, mean 17.0) than controls
(mean 14.0) at 4.2 years post-surgery
(p<0.05)

Lepley et al. (2019)°: higher TSK-17
scores in individuals with ACLR
(n=11, mean 31.1) than controls
(mean 20.9) at 5.8 years post-surgery
(p<0.001)

Social Social
isolation

2Data from a meta-analysis that also includes some adult cohorts.
ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; FMI, fat mass index; kg, kilogram; KOOS, Knee injury and Osteoarthritis

Outcome Score; MVPA, moderate-to-vigorous physical activity, n=number of participants; N, Newton; m, metre; OR, odds ratio; SMD, standardized mean
difference; TSK, Tampa Scale for Kinesiophobia; 95%CI, 95% confidence interval
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Appendix B: Health Consequences in Adult with a Sport-Related Knee Injury (Chapter 1)

The following data extracted from studies examining adult (i.e., sample mean age between >25 years old) and comparing to uninjured

controls or population norms.

Time since Injury or Surgery

Health Domain

Consequence

Short-Term (0-2 Years)

Medium-Term (2-5 Years)

Long-Term (>5 Years)

Physical

Pain

Ebrahimi et al. (2017)": lower KOOS
pain scores in individuals with
meniscus injury (n=100, mean 52.08;
95%CI 48.23, 55.94) than controls
(mean 86.39; 95%CI 82.17, 90.61) at
15 months post-injury

Tourville et al. (2013)?: lower KOOS
pain scores in individuals with ACLR
(n=31, mean range 89-95) than
controls (mean 99) at 3.8 years post-
surgery (p<0.0001)

Alerskans et al. (2022)%: lower KOOS
pain scores in individuals with
arthroscopic partial meniscectomy
(n=50, mean 82.8) than population
norms (mean 92.1) at 4 years post-
surgery (p<0.001)

Varma et al. (2014)*: lower KOOS
pain scores in individuals with ACLR
(n=19, mean range 87.5-88.4) than
controls (mean 99.1) at 4.5 years post-
surgery (p<0.02)

Kaur et al. (2021)°: lower KOOS pain
scores in individuals with ACLR
(n=25, mean 85.3) than controls
(mean 98.8) at 5 years post-surgery
(between-group difference 13.3;
95%CI 8.3, 18.4)

Knee
symptoms

Ebrahimi et al. (2017)": lower KOOS
symptoms scores in individuals with
meniscus injury (n=100, mean 56.39;

Tourville et al. (2013)%: lower KOOS
symptoms scores in individuals with
ACLR (n=31, mean range 84-88) than

"Kostogiannis et al. (2007)%: lower
KOOS symptoms scores in individuals
with ACL rupture (n=67) than
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95%CI 52.29, 60.49) than controls
(mean 87.00; 95%CI 83.91, 90.09) at
15 months post-injury

controls (mean 98) at 3.8 years post-
surgery (p<0.0001)

controls at 15 years post-injury
(p=0.001)

Alerskans et al. (2022)3: lower KOOS
pain scores in individuals with
arthroscopic partial meniscectomy
(n=50, mean 76.6) than population
norms (mean 88.2) at 4 years post-
surgery (p<0.001)

Varma et al. (2014)*: lower KOOS
symptoms scores in individuals with
ACLR (n=24, mean range 80.7-85.1)
than controls (mean 98.2) at 4.5 years
post-surgery (p<0.05)

Kaur et al. (2021)°: lower KOOS
symptoms scores in individuals with
ACLR (n=25, mean 77.2) than
controls (mean 91.2) at 5 years post-

surgery (between-group difference
13.9; 95%Cl1 7.8, 20.1)

Knee muscle
weakness

Chung et al. (2015)7: weaker
isokinetic knee extensor and flexor
peak torque in individuals with ACLR
(n=75, mean 1.788 Nm/kg and 1.017
Nm/kg, respectively) than controls
(mean 1.950 Nm/kg and 1.091 Nm/kg,
respectively) at 3 months post-surgery
(p<0.001); weaker isokinetic knee
extensor and flexor peak torque in
individuals with ACLR (n=75, mean
2.242 Nm/kg and 1.273 Nm/kg,
respectively) than controls (mean
1.950 Nm/kg and 1.091 Nm/kg,
respectively) at 6 months post-surgery
(p<0.001); weaker isokinetic knee
extensor and flexor peak torque in
individuals with ACLR (n=75, mean

Landes et al. (2010)'%: weaker
isometric knee flexor in individuals
with ACLR (n=20, mean 56.2 Nm)
than controls (mean 70.7 Nm) at 2.3
years post-surgery (p<0.05)
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2.354 Nm/kg and 1.293 Nm/kg,
respectively) than controls (mean
1.950 Nm/kg and 1.091 Nm/kg,
respectively) at 12 months post-
surgery (p<0.001); weaker isokinetic
knee extensor and flexor peak torque
in individuals with ACLR (n=75,
mean 2.428 Nm/kg and 1.288 Nm/kg,
respectively) than controls (mean
1.950 Nm/kg and 1.091 Nm/kg,
respectively) at 24 months post-
surgery (p<0.001)

Manchado et al. (2021)3: weaker
isometric knee extensor strength in
individuals with ACLR (n=194, mean
133.4 N) than controls (mean 174.8) at
4 months post-surgery (p<0.001)

Silva et al. (2012)°: lower isokinetic
quads and hamstring LSI in
individuals with ACLR (n=7, mean
66.4% and 83.8%, respectively) than
controls (mean 94.1% and 91.5%,
respectively) at 5 months post-surgery
(p<0.001)

aBrown et al. (2021)'°: weaker
isometric or isokinetic knee extensor
strength in individuals with ACLR
(n=64) than controls at 9 months post-
surgery (SMD -0.38; 95%CI -1.18, -
0.66)

Patel et al. (2003)'": lower isokinetic
knee extensor strength in individuals
with ACL rupture (n=44, mean 9.6%
body weight x height) than controls
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(mean 11.3% body weight x height) at
21 months post-injury (p<0.001)

Physical
inactivity

Obesity

Psychological Kinesiophobia

Jamshidi et al. (2016)'3: higher TSK-
17 scores in individuals with ACL
rupture (n=8) than controls at 13
months post-injury (between-group
difference 7.750, p=0.035)

Balki et al. (2021)'*: higher TSK-17
scores in individuals with ACLR
(n=46, mean 39.56) than controls
(mean 37.08) at 3 years post-surgery
(p=0.043)

Niederer et al. (2020)': higher fear of
re-injury VAS scores in individuals
with ACLR (n=19, mean 38) than
controls (mean 16) at 3.2 years post-
surgery (p<0.05)

Kaur et al. (2021)°: higher Fear of Re-
injury Scale scores in individuals with
ACLR (n=25, mean 44.0) than
controls (mean 24.7) at 5 years post-

surgery (between-group difference
19.7; 95%CI 11.5, 27.9)

Social Social
isolation

*Data from a meta-analysis that also includes some youth cohorts.

"KOOS subscale scores not reported.

ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; kg, kilogram; KOOS, Knee injury and Osteoarthritis Outcome Score; MVPA,

moderate-to-vigorous physical activity, n=number of participants; N, Newton; m, metre; TSK, Tampa Scale for Kinesiophobia; VAS, visual analogue scale;

95%CI, 95% confidence interval
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Appendix C: Health-Related Quality of Life Outcomes in Youth with a Sport-Related Knee Injury (Chapter 1)

The following data extracted from studies examining youth (i.e., sample mean age between 15-24 years old) and comparing to

uninjured controls or population norms.

Time since Injury or Surgery

HRQoL Construct Short-Term (0-2 Years) Medium-Term (2-5 Years)

Long-Term (>5 Years)

Generic

Domzalski et al. (2021)": no difference in
SF-36 PCS or MCS scores in individuals
with ACLR (n=60) and controls at 5.9
years post-surgery

Akelman et al. (2016)%: no differences in
SF-36 domains in individuals with ACLR
(n=72) and controls at 5 years post-
surgery; no differences in SF-36 domains
except for lower general health and social
functioning scores in individuals with
ACLR (n=36, mean 80.7 and 90.3,
respectively) than controls (mean 86.9 and
97.2, respectively) at 7 years post-surgery
(p<0.05)

McAllister et al. (2003)3: no differences in
SF-36 domains, PCS, or MCS in
individuals with ACL or ACLR (n=33)
than controls at 8.9 years post-injury

von Porat et al. (2004)*: higher SF-36
social functioning and mental health scores
in individuals with ACL rupture or ACLR
(n=152, mean 93.6 and 86.4, respectively)
than controls (mean 89.5 and 82.2,
respectively) at 14 years post-injury
(p<0.05); no differences in bodily pain,
general health, vitality, and role emotional
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scores in individuals with ACL rupture or
ACLR (n=154) and at 14 years post-injury;
lower SF-36 physical functioning and role
physical scores in individuals with ACL
rupture or ACLR (n=154, mean 84.5 and
81.4, respectively) than controls (mean
93.1 and 88.5, respectively) at 14 years
post-injury (p<0.05)

Knee-specific
HRQoL

Casp et al. (2021)°: lower KOOS QOL
scores in ACLR groups (n=165, mean
range 66.20-70.07) than controls (mean
97.61) at 6 months post-surgery (p<0.001)

Fleming et al. (2013)%: lower KOOS QOL
scores in individuals with ACLR (n=85,
mean range 67.8-74.1) than controls (mean
94.9) at 12 months post-surgery (p<0.01)

Thorlund et al. (2012)”: lower KOOS QOL
scores in individuals with ACL rupture or
ACLR (n=39, mean 40.5) than controls
(mean 95.9) at 22 months post-injury
(p<0.001)

Antosh et al. (2018)8: lower KOOS QOL
scores in individuals with ACLR (n=30,
mean 66.17) than controls (mean 94.34) at
24 months post-surgery (p<0.01)

Fleming et al. (2013)°: lower KOOS QOL
scores in individuals with ACLR (n=85,
mean range 76.9-78.9) than controls (mean
93.3) at 3 years post-surgery (p<0.01)

Myklebust et al. (2017)°: lower KOOS
QOL scores in individuals with ACL
rupture or ACLR (n=80, mean 73.8) than
controls (mean 91.6) at 3.5 years post-
injury (between-group difference 18.0;
95%CI 13.0, 23.0)

Miko et al. (2021)'%: lower KOOS QOL
scores in individuals with ACLR (n=14,
mean 69.3) than controls (mean 100.0) at
3.8 years post-surgery (p<0.001)

Hoch et al. (2018)!'!: lower KOOS QOL
scores in individuals with ACLR (n=20,
mean 75.0) than controls (mean 100.0) at
4.2 years post-surgery (p<0.05)

Delahunt et al. (2012)'%: lower KOOS
QOL scores in individuals with ACLR
(n=14, mean 73.4) than controls (mean
99.1) at 4.4 years post-surgery (p<0.05)

Lepley et al. (2019)"3: lower KOOS QOL
scores in individuals with ACLR (n=11,
mean 83.5) than controls (mean 100.0) at
5.8 years post-surgery (p=0.001)

Domzalski et al. (2021)": no difference in
KOOS QOL scores in individuals with
ACLR (n=60) and controls at 5.9 years
post-surgery

Akelman et al. (2016)% lower KOOS QOL
scores in individuals with ACLR (n=36,
mean range 74.6-75.3) than controls (mean
94.6) at 5 years post-surgery (p<0.05);
lower KOOS QOL scores in individuals
with ACLR (n=36, mean range 76.5-81.1)
than controls (mean 92.3) at 7 years post-
surgery (p<0.05)

Lohmander et al. (2004)'4: lower KOOS
QOL scores in individuals with ACL
rupture or ACLR (n=84, mean 54) than
reference group (mean 89) at 12 years
post-injury (p<0.001)

von Porat et al. (2004)*: lower KOOS
QOL scores in individuals with ACL
rupture or ACLR (n=154, mean 60) than
reference group (mean 92) at 14 years
post-injury (p<0.05)
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Tengman et al. (2014)'3: lower KOOS
QOL scores in individuals with ACL
rupture or ACLR (n=70, mean range 49-
61) than controls (mean 98) at 23 years
post-injury (p<0.001)

Whittaker et al. (2019)'6: lower KOOS
QOL scores in individuals with any
traumatic knee injury (n=100, mean 92)
than controls (mean 100) at 6.9 years year
post-injury (between-group difference -
8.3; 95%CI -10.2, -6.0)

ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; HRQoL, health-related quality of life; KOOS, Knee injury and Osteoarthritis
Outcome Score; MCS, Mental Component Summary score; n=number of participants; QOL, quality of life; PCS, Physical Component Summary score; SF-36,
Medical Outcomes Study 36-Item Short-Form Health Survey; 95%CI, 95% confidence interval
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Appendix D: Health-Related Quality of Life Outcomes in Adult with a Sport-Related Knee Injury (Chapter 1)

The following data extracted from studies examining adult (i.e., sample mean age between >25 years old) and comparing to uninjured

controls or population norms.

Time since Injury or Surgery

HRQoL Construct

Short-Term (0-2 Years)

Medium-Term (2-5 Years)

Long-Term (>5 Years)

Generic

Sripada et al. (2022)': lower EQ-5D-5L
index scores in individuals with ACL
rupture (n=67, mean 0.557) than controls
(mean 0.923) at 21 months post-injury
(p<0.001); lower SF-36 domains (all)
scores in individuals with ACL or ACLR
(n=67) than controls at 21 months post-
injury (all p<0.001)

McAllister et al. (2014)?: higher SF-36
physical functioning, role physical, bodily
pain, social functioning, mental health, and
PCS scores in individuals with ACLR
(n=55, mean 90.9, 88.6, 82.9, 89.1, 79.5,
and 53 respectively) than controls (mean
84.2,80.9,75.2, 83.3, 74.7, and 50,
respectively) at 3.6 years post-surgery
(p<0.01); no differences in general health,
vitality, role emotional, or MCS scores in
in individuals with ACLR (n=55) and
controls at 3.6 years post-surgery

Kaur et al. (2021)%: no difference in SF-12
MCS but lower SF-12 PCS scores in
individuals with ACLR (n=25, mean 54.0)
than controls (mean 56.9) at 5 years post-
surgery (between-group difference 2.9;
95%C1 0.8, 5.1)

Maénsson et al. (2011)* higher SF-36
general health, social functioning, role
emotional, and mental health scores in
individuals with ACLR (n=424, mean
82.7,93.4,90.7, and 84.2, respectively)
than controls (mean 80.0, 89.9, 88.1, and
81.1, respectively) at 2-7 years post-
surgery (p<0.05); no differences in bodily
pain and vitality scores in individuals with
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ACLR (n=424) and at 2-7 years post-
surgery; lower SF-36 physical functioning
and role physical scores in individuals with
ACLR (n=424, mean 87.1 and 85.1,
respectively) than controls (mean 94.1 and
89.6, respectively) at 2-7 years post-
surgery (p<0.05)

Knee-specific
HRQoL

Ebrahimi et al. (2017)%: lower KOOS QOL
scores in individuals with meniscus injury
(n=100, mean 28.94; 95%CI 25.03, 32.84)
than controls (mean 76.75; 95%CI 71.30,
82.20) at 15 months post-injury

Tourville et al. (2013)%: lower KOOS QOL
scores in individuals with ACLR (n=31,
mean range 76-88) than controls (mean 99)
at 3.8 years post-surgery (p<0.0001)

Alerskans et al. (2022)7: lower KOOS
QOL scores in individuals with
arthroscopic partial meniscectomy (n=50,
mean 62.9) than population norms (mean
84.4) at 4 years post-surgery (p<0.001)

Varma et al. (2014)%: lower KOOS QOL
scores in individuals with ACLR (n=24,
mean range 64.5-70.0) than controls (mean
100.0) at 4.5 years post-surgery (p<0.05)

Kaur et al. (2021)3: lower KOOS QOL
scores in individuals with ACLR (n=25,
mean 47.0) than controls (mean 80.4) at 5
years post-surgery (between-group
difference 33.4; 95%CI 24.6, 42.2)

3K ostogiannis et al. (2007)°: lower KOOS

QOL scores in individuals with ACL
rupture (n=67) than controls at 15 years
post-injury (p=0.001)

2K OO0S subscale scores not reported.

ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; HRQoL, health-related quality of life; KOOS, Knee injury and Osteoarthritis
Outcome Score; MCS, Mental Component Summary score; n=number of participants; QOL, quality of life; PCS, Physical Component Summary score; SF-12,

Medical Outcomes Study 12-Item Short-Form Health Survey; SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey; 95%CI, 95% confidence

interval
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Appendix E: Chapter 2 Original Publication — Journal of Orthopaedic & Sports Physical
Therapy

[ LITERATURE REVIEW ]
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Searching for the Holy Grail:
A Systematic Review of Health-Related
Quality of Life Measures for Active Youth

ealth-related quality of life (HRQoL) encompasses the physical,
psychological, and social domains of health. Tt is influenced
by an individual’s perceptions, experiences, expectations,
beliefs,” and environment.® Determinants of HRQoL that

may be most relevant to youth include
supportive parents,’> quality of educa-
tion,' and participating in sports.*” Youth
athletes report higher HRQoL compared
to nonathletes.?**” Youths who participate
in sports and recreational activities may
experience greater physical (eg, increased

© OBJECTIVE: To identify the most suitable exist-
ing generic and condition-specific health-related

© RESULTS: Of 6931 potential records, 21
studies were included. Eleven generic and 7

quality of life (HRQoL) patient-reported outcome
measures (PROMs) for active youth with and with-
out a musculoskeletal injury, based on measure-
ment properties, interpretability, and feasibility.

® DESIGN: Systematic review of clinimetrics.

@ LITERATURE SEARCH: We searched MEDLINE,
Embase, CINAHL, SPORTDiscus, PsycINFO, and
Scopus from inception to April 30, 2020.

® STUDY SELECTION CRITERIA: Records with
original data describing the evaluation of a PROM
or PROM subscale in active youth (15-24 years
old) with or without a musculoskeletal injury were
included. Non-English studies and those including
individuals with a cognitive, developmental, or
systemic condition were excluded.

@ DATA SYNTHESIS: This review was conducted
according to the COSMIN user manual for system-
atic reviews of PROMSs and the PRISMA guidelines.
The COSMIN user manual guided our measure-
ment property evaluation and interpretability and
feasibility description.

condition-specific PROMs were identified. No
PROM received a final COSMIN recommenda-
tion of ‘A" because all lacked sufficient content
validity. The 8-item Disablement in the Physically
Active scale-mental summary component Short
Form (DPA-MSC SF-8), Quality of Life Survey, and
Functional Arm Scale for Throwers (FAST) were
the most suitable existing PROMSs, given their
high-quality evidence for sufficient structural
validity and internal consistency.

© CONCLUSION: No definitively robust PROM
for measuring generic or condition-specific
HRQoL of active youth was identified. Until
one exists, we recommend the DPA-MSC SF-8,
the Quality of Life Survey, or the FAST and
applying mixed methods to best characterize
the HRQoL of active youth. J Orthop Sports
Phys Ther 2021;51(10):478-491. doi:10.251%/
jospt.2021.10412

© KEY WORDS: athlete, questionnaire, reliability,
validity, well-being

fitness), psychological (eg, increased au-
tonomy), and social (eg, established feel-
ings of community) health benefits than
those who do not.>??? Active youth may
also report higher HRQoL, given the as-
sociation between socioeconomic status
and sports participation.”?

Despite the many benefits of sports
participation,***997 active youth (15-24
years old)***>** face an increased risk
of musculoskeletal injury.’>* Sport-
related injuries are associated with
long-term consequences and negatively
impact HRQoL."*283° Youth athletes
who suffer a sport-related injury report
lower HRQoL compared to uninjured
peers,**5* even after returning to sport.?’
A better understanding of how youth
HRQoL changes after a sport-related in-
jury may identify which health domains
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are most affected and guide patient-
centered care.

Patient-reported outcome measures
(PROMs) provide the patient’s perspec-
tive of the patient’s health and can in-
form individual care.” Both generic and
condition-specific PROMs are needed to
build a complete picture of the HRQoL of
active youth.” To accurately measure and
monitor changes in HRQoL and evaluate
an intervention’s effectiveness following
injury, a PROM must demonstrate ac-
ceptable content validity (ie, relevant,
comprehensive, and comprehensible to
active youths).**> A PROM should be
psychometrically robust (ie, valid, reli-
able, and responsive), easy to interpret,
and feasible to use in clinical and re-
search settings.

Previous research aimed at under-
standing the HRQoL of active youth has
relied heavily on PROMs developed in
adult populations. Important informa-
tion about the HRQoL of active youth
and its determinants may have been
missed or misunderstood. The objective
of our systematic review was to iden-
tify the most suitable existing generic
and condition-specific HRQoL PROMs
for active youth with or without a mus-
culoskeletal injury, based on measure-
ment properties, interpretability, and

feasibility.
METHODS

HIS REVIEW WAS REGISTERED IN
T the PROSPERO  database

(CRD42019123282), conducted
according to the COnsensus-based Stan-
dards for the selection of health Measure-
ment INstruments (COSMIN) manual
for systematic reviews of PROMs (Ver-
sion 1.0),°6%74151 and reported follow-
ing the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA)* guidelines. The COSMIN
user manual®” is an internationally ac-
cepted guideline designed for systematic
reviews examining PROMs.?64151 Tt pro-
vides steps to rigorously evaluate mea-
surement properties of PROMs, which

leads to identifying the most robust
PROM(s) for a specific purpose.*

Information Sources and Search

Eligible records were identified by search-
ing 6 online databases—MEDLINE
(Ovid), Embase (Ovid), CINAHL Plus
with Full Text (EBSCOhost), SPORT-
Discus (EBSCOhost), PsycINFO (Ovid),
and Scopus—from inception to April 30,
2020. Medical subject headings and key
words were selected to capture the con-
structs of youth, physical activity, HRQoL,
PROMs, and measurement properties.
The final search strategy was determined
in collaboration with a health sciences li-
brarian scientist (L.D.) (supplemental file
1). Reference lists of included studies were
hand searched for relevant records.

Eligibility Criteria

Records reporting original data about the
HRQOoL of active youth with or without
a musculoskeletal injury and describing
the development of a PROM or evalua-
tion of at least 1 measurement property
of a generic or condition-specific HRQoL
PROM or PROM subscale were includ-
ed. Generic HRQoL PROMs assessing
overall HRQoL may be used to compare
groups who differ in demographics, med-
ical condition, or health care intervention
received. Condition-specific HRQoL
PROMs pertain to a particular patient
population or health condition.

The term active youth indicated a
sample of individuals with a mean or
median age of 15 to 24 years® who were
identified as recreational, competitive, or
elite athletes or individuals who regularly
participated in light to vigorous physical
activity. For the latter, authors had to re-
port on minutes of physical activity per
week or enrollment in physical education
or fitness classes.

Non-English records and those in-
cluding nonhuman participants or indi-
viduals with a cognitive (eg, brain injury),
developmental (eg, developmental delay),
or systemic (eg, diabetes, cancer) condi-
tion were excluded. Conference abstracts,
editorials, commentaries, reviews, case

series, case studies, and gray literature
were also excluded.

Study Selection
Records were organized using reference
management software (EndNote X8.2;
Clarivate Analytics, Philadelphia, PA).
After removing duplicates, titles and cor-
responding abstracts were independently
reviewed by pairs of 2 reviewers (C.L.
and L.T.,, C.H., S.F., Wasim Labban, or
J.W.) blinded to the record author(s) and
journal title, using an Excel (Microsoft
Corporation, Redmond, WA) workbook
designed specifically for screening.*®
Prior to title/abstract screening, all
reviewers independently screened a ran-
dom sample of 120 records to assess the
applicability of the exclusion criteria. The
agreement between reviewers and the se-
nior author (JJW.) on these 120 records
ranged between 69% and 83% (Cohen’s
K = 0.28-0.66). Discrepancies were dis-
cussed and exclusion criteria clarified be-
fore title/abstract screening began in full.
If a record title of interest was found
but the abstract was unavailable, the full
text was retrieved to ensure potentially
relevant studies were not missed. The
full texts of relevant records were inde-
pendently reviewed by 2 reviewers to de-
termine final study selection. The senior
author (J.W.) mediated any disagree-
ments at all stages when primary review-
ers could not reach consensus. If multiple
records reported on the same measure-
ment property from the same study, we
included the first published record.

Data Extraction

Data extraction followed recom-
mendations from the COSMIN user
manual®**7*% and included study charac-
teristics (eg, sample size, mean or median
age, sex), PROM characteristics (eg, tar-
get population, number of subscales and
items, scoring), and information about
measurement properties, interpretability,
and feasibility (as described below). Ini-
tial data extraction was completed by the
lead author (C.L.), then independently
verified by a second reviewer. Disagree-
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ments were resolved by consensus or by
the senior author (JW.). Study authors
were contacted for missing data or clari-
fication as needed.

Measurement Property Evaluation

As per the COSMIN user manual,?6:374151
the evaluation of each measurement
property (see TABLE 1 for definitions) of
included PROMs involved the 4 steps
outlined below (FIGURE 1). A hypothetical
example of the evaluation process can be
found in supplemental file 2.

Evaluate the Methodological Quality of
Measurement Properties by Individual
Study First, we evaluated the method-
ological quality of individual studies that
assessed a measurement property, using
the COSMIN risk-of-bias checklist.?¢-3741:51
Checklist items were graded as “very good,”
“adequate,” “doubtful,” and “inadequate,”
and the final rating for the methodologi-

[ LITERATURE REVIEW |

cal quality of a measurement property was
determined by taking the lowest rating of
any item assessing that property (ie, “the
worst score counts”?6:374151),

Rate the Results of Measurement Prop-
erties by Individual Study Second, we
rated the result of individual studies that
estimated a measurement property by
applying the criteria for good measure-
ment properties (supplemental file 3).4>%
A rating of “sufficient,” “insufficient,” “in-
consistent,” or “indeterminate” was as-
signed to each measurement property.
Summarize the Evidence for Measure-
ment Properties by PROM Third, we
qualitatively summarized the evidence
for a measurement property of a PROM
across studies (as appropriate) and rated
the summarized results by applying the
criteria for good measurement proper-
ties. An overall rating of sufficient was
assigned if at least 75% of the results were

DEFINITIONS OF MEASUREMENT

PROPERTIES, ADAPTED FROM THE
COSMIN USserR MANUAL?® 2

Domain/Measurement Property  Definition

Validity
Content validity

Structural validity

Cross-cultural validity

Construct validity

Criterion validity
Reliability
Internal consistency

The degree to which a PROM assesses the construct(s) it intends to measure

The degree to which the content of a PROM reflects the construct to be measured
(ie, is relevant, comprehensive, and comprehensible)

The degree to which the scores of a PROM adequately reflect the dimensionality of
the construct to be measured

The degree to which the performance of items on a translated or culturally adapted
PROM adequately reflects the performance of items on the original version

The degree to which the scores of a PROM are consistent with hypotheses, based
on the assumption that the PROM validly measures the construct to be mea-
sured (eg, scores of a generic HRQoL PROM hypothesized to have a high positive
correlation with scores of another generic HRQoL PROM)

The degree to which scores of a PROM adequately reflect a gold standard

The degree to which a PROM is free from measurement error

The degree of interrelatedness among items of a PROM

Reliability (test-retest)

Measurement error

Responsiveness
Interpretability

Feasibility?

The proportion of total variance in measurements that is due to “true” differences
between individuals

The systematic and random error of an individual’s score that is not attributed to
true chance in the construct to be measured

The ability of a PROM to detect change over time in the construct to be measured

The degree to which one can assign qualitative meaning (ie, clinical or commonly
understood connotations) to a PROM's scores or change in scores

The ease of application of a PROM in its intended setting given various constraints
(eg, time, money)

Abbreviations: HRQoL, health-related quality of life; PROM, patient-reported outcome measure.
*This is not considered a measurement property but is still an important characteristic of a PROM.

sufficient.?¢7415! In the case of inconsis-
tent results across studies, we re-exam-
ined each study for sample heterogeneity.
If sample heterogeneity existed, we pro-
vided an overall rating for each subgroup
(ie, sex, sport type, competition level). If
no heterogeneity was found, the mea-
surement property received an overall
rating of inconsistent.

Grade the Quality of Evidence for Mea-
surement Properties by PROM Fourth,
we graded the quality of the evidence
for each PROM measurement property
as “high,” “moderate,” “low;” or “very low;”
using a modified Grading of Recommen-
dations Assessment, Development and
Evaluation (GRADE) approach (supple-
mental file 4).26°74151 The quality of evi-
dence referred to the confidence that the
overall results and ratings for each mea-
surement property were trustworthy. As
per the GRADE approach, the evidence
was assumed to be of high quality until
possibly downgraded, based on 4 factors:
(1) risk of bias (methodological quality of
the studies), (2) inconsistency (inconsis-
tency of summarized results), (3) impreci-
sion (total sample size across studies), and
(4) indirectness (inclusion of individuals
beyond the target population, for example,
participants aged older than 24 years de-
spite a sample mean age of 18 years).?6274151

HRQoL PROM Selection

Description of Interpretability and Feasi-
bility As no scoring scales exist for rating
PROM interpretability or feasibility, we
described characteristics of interpretabil-
ity (distribution of scores, percentage of
missing items, floor and ceiling effects,
minimal important change, and response
shift) and feasibility (patient and/or cli-
nician comprehensibility, completion
time, and cost of use) as outlined in the
COSMIN user manual.?6275! Instru-
ments containing information that would
help clinicians and researchers interpret
scores and minimize barriers to use in
real-world settings were considered ideal.
Final Recommendation All identi-
fied HRQoL PROMSs were given a final
recommendation of “A” (evidence for
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sufficient content validity and at least
low-quality evidence for sufficient inter-
nal consistency), “B” (neither “A” nor “C”),
or “C” (high-quality evidence for any in-

sufficient measurement property), as per
the COSMIN user manual.?674151 The
emphasis on content validity and internal
consistency in the final recommendation

reflects the importance of a PROM’s rel-
evance, comprehensiveness, and compre-
hensibility to a target population as well
as its internal structure, respectively.?627451

Evaluation Tool

1. Evaluate the methodological
quality of individual studies that
assessed a measurement
property

Determine which measurement
properties were assessed

Evaluate the methodological quality of
each measurement property using the
COSMIN risk-of-bias checklist

COSMIN risk-of-bias checklist*®3415!
Possible outcomes

= Very good

« Adequate

+ Doubtful

« Inadequate

v

[

Rate the result of individual
studies that estimated a
measurement property

Extract data on the results of
measurement properties

Rate the result against the criteria for
good measurement properties

Criteria for good measurement properties38424550
Possible outcomes

- Sufficient (+)

« Insufficient ()

« Inconsistent (+)

« Indeterminate (?)

v

w

Summarize the evidence for a
measurement property if multiple
studies reported on the same
PROM

.

.

Summarize results of a measurement
property across studies

If there were inconsistent results,
re-examine each study for sample
heterogeneity

Rate the overall results of the
measurement properties against the
criteria for good measurement

Criteria for good measurement properties®384245.50
Possible outcomes

« Sufficient (+)

« Insufficient (-)

« Inconsistent ()

+ Indeterminate (?)

v

~

Grade the quality of evidence for
a measurement property for each
PROM

.

Grade the quality of evidence using a
modified GRADE approach

Modified GRADE approach® 7415t
Possible outcomes

« High

* Moderate

« Low

« Very low

v

e

Describe characteristics of
interpretability and feasibility for
each PROM

Describe interpretability (distribution of
scores, percentage of missing items,
floor and ceiling effects, minimal
important change, response shift)
Describe feasibility (patient and/or
clinician comprehensibility, time to
completion, cost of use)

v

6. Assign a final recommendation
for each PROM

Categorize each PROM according to the
quality of evidence of its measurement
properties, interpretability, and
feasibility

Final recommendation category=63"45

Possible outcomes

« A (evidence for sufficient content validity and
at least low-quality evidence for sufficient
internal consistency)?

« B(notAorC)

« C (high-quality evidence for any insufficient
measurement property)

FIGURE 1. Patient-reported outcome measure evaluation and selection process, as recommended by and adapted from the COSMIN user manual.?¥#4%! eThe instruments with
a final recommendation of “A” and acceptable interpretability and feasibility were deemed the most suitable PROMs. Abbreviations: COSMIN, COnsensus-based Standards for
the selection of health Measurement INstruments; GRADE, Grading of Recommendations Assessment, Development and Evaluation; PROM, patient-reported outcome measure.
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Instruments categorized as “A” that had
acceptable interpretability and feasibility
were deemed the most suitable HRQoL
PROMs.

RESULTS

Study Selection
F 6931 RECORDS, 1834 DUPLICATES
Owere removed, 5097 unique records
underwent title/abstract screening,
635 records were reviewed in full, and
21 studies were included in the analysis
(FIGURE 2). We attempted to contact the

authors of 9 studies via e-mail to clarify
sample characteristics and determine eli-

| LITERATURE REVIEW |

gibility. Of the 9 studies, 1 was included
and 8 were excluded (3 authors provided
information proving that their study was
ineligible due to the age or activity level
of the participants and 5 authors failed to
respond after 2 attempts to contact them
over 30 days).

We identified 18 HRQoL PROMs
across 21 included studies, including
11 generic2,5,17,18,22,23,25,29,40,45,55,59,50 and 7
condition-specific61011:20:2126:4344 PROMSs.
Eight generic and 5 condition-specific
HRQoL PROMs were assessed in only
1 study. An overview of the studies, in-
cluding the HRQoL PROM(s) evalu-
ated and study sample characteristics,

Not an appropriate condition,

Not an appropriate condition, n = 6

No HRQoL instrument, n = 59
No measurement properties, n =71

Records identified through Additional records identified
databases, n = 6925 through other sources,n=6
« MEDLINE, n =1014
+ Embase, n =1863
+ CINAHL, n =1238
» SPORTDiscus, n = 1015
= PsycINFO, n = 505
S | * Scopus,n=1290
g l l
E v
a Total records identified,
n=6931
H Duplicates removed, n = 1834 ‘
oo
% Total records screened by
o title/abstract, n = 5097
3 Records excluded, n = 4462
+ Not human, n=15
« Study design, n = 385
n =1559
+ Not youth, n = 525
+ Not active, n =20
+ No HRQoL instrument,
n =1958
y
3 Total full-text articles
é reviewed, n = 635
Records excluded, n = 614
« Not English, n =39
« Study design, n =66
« Not youth, n =272
+ Not active, n =95
+ Unavailable, n = 6
§ Total articles meeting
2 eligibility criteria, n = 21
£
FIGURE 2. PRISMA flow chart. Abbreviation: HRQoL, health-related quality of life.

can be found in TABLE 2. Studies were
published between 2007 and 2020 and
included participants from 5 countries
(United Statesy2,6,1],17,18,21,22,23,25,26,40,43,44-,55,59,50
Australia,'*?° Brazil,” Croatia,?® and
Norway*). Competitive athletes (pro-
fessional, collegiate, or high school
athletes) were assessed in 7 stud-
ies, 8101721232544 pecreational athletes in
9 Studies,5,11,18,20,29,40,46,59,60 or both com-
petitive and recreational athletes in 5
studies.??»264355 Ten studies examined
uninjured active youth,>1718:21:25.29:4344:46.60
7 studies examined active youth with a
musculoskeletal injury,®1:20:22.234055 and 4
studies examined both.>10:24%

Generic HRQoL Instruments

Eleven generic HRQoL PROMs were
evaluated in 13 of 21 included studies
(62%).2,5,17,18,22,23,25,29,40,45,55,53,50 These in_
cluded the Athlete Life Quality Scale
(ALQS)," Disablement in the Physically
Active scale-mental summary component
(DPA-MSC),>?2:23405559 10-item Disable-
ment in the Physically Active scale-mental
summary component Short Form (DPA-
MSC SF-10),? 8-item Disablement in the
Physically Active scale-mental summary
component Short Form (DPA-MSC SF-
8),2 52-item KIDSCREEN questionnaire
(KIDSCREEN-52), 10-item KID-
SCREEN index (KIDSCREEN-10),¢ Pedi-
atric Quality of Life Inventory (PedsQL),%°
Quality of Life (QoL) Survey,® Medical
Outcomes Study 36-Item Short-Form
Health Survey (SF-36),'%%* Medical Out-
comes Study 12-Item Short-Form Health
Survey (SF-12),>2 and World Health Or-
ganization Quality of Life instrument-ab-
breviated version (WHOQOL-BREF).>®
An overview of these generic HRQoL
instruments is found in supplemental file
5. Three generic HRQoL PROMs were a
subscale of a larger instrument, whereas
8 generic HRQoL PROMs were multidi-
mensional, consisting of subscales that
encompassed various health domains.
Higher scores indicated better outcomes
on all PROMs except for the DPA-MSC
and its short forms. All studies used self-
completed administration (ie, no proxy).
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CHARACTERISTICS OF INCLUDED STUDIES

Language Physical Activity Measurement
Study, Country HRQoLPROM  of PROM  Primary Objective Sample* Description HRQoL Definition Properties Evaluated
Gentner etal’ ALQS English Develop a PROM for n =159 NCAA Division Participated in collegiate ~ “Mental, emotional, physi- Content validity,
United States assessing the QoL of | college athletes; sports cal, and spiritual health structural validity,
athletes age, 1822 y;50% and the possession of internal consis-
women socially desirable attri- tency, feasibility
butes, life satisfaction,
and positive feelings”
Vela and Den- DPA-MSC English Establish standard n = 368 competitive Engaged in athletic, “The psychosocial effects ~ Content valid-
egar® values and evaluate and recreational recreational, or oc- of injury” ity, structural
United States measurement proper- athletes with and cupational activities validity, internal
ties of the DPA without an acute or >3 times per week consistency, test-
persistent musculo- retest reliability,
skeletal injury; age, criterion validity,
201+3.8y; 55% responsiveness,
women interpretability
Houston et aP* DPA-MSC English Evaluate the structural n =467 NCAA Division  Participated in collegiate  “The physical, psychologi-  Structural validity, in-
United States validity of the DPA | and Ill athletes; sports cal and social compo- ternal consistency,
age, 195+13y; nents of health” criterion validity,
57% women feasibility
Baker et al? DPA-MSC, DPA-  English Re-evaluate the n = 1592 physically Participated in athletic, ~ “Patients’ perceptions of  Structural validity, in-
United States MSC SF-10, structural validity and active individuals recreational, or oc- physical, psychological, ternal consistency
DPA-MSC establish a short-form with and without cupational activities and social subcon-
SF-8 version of the DPA an acute, subacute, >3 times per week structs of their health
or persistent mus- status and recovery”
culoskeletal injury;
age, 23+9y;49%
women
White et al*® DPA-MSC English Evaluate the internal con- n =31 university stu-  Reported being physi- NR Internal consistency
United States sistency of the DPA dents enrolled in a cally active for >30
dance course, with min 3 times per week
or without a history
of a musculoskeletal
injury; age, 20.8 +
2.6y;100% women
Powden et al® DPA-MSC English Evaluate the response n =22 individuals Scored >24 on the NR Internal consistency,
United States shift phenomenon with self-reported GLTEQ interpretability,
in individuals with chronic ankle feasibility
chronic ankle instability; age,
instability 2491+733y;75%
women
Lorger etal® KIDSCREEN-52  Croatian  Identify factors that n = 343 young Participated in organized NR Structural validity, in-
Croatia contribute to the QoL athletes; age, 15.1 y; individual and team ternal consistency,
of young athletes 56% female sports feasibility
Sigvartsenetal®  KIDSCREEN-10  Norwe- Describe QoL and physi-  n =156 high school Reported being physi- NR Internal consistency,
Norway gian cal activity across students; age, 16.1 + cally active for a mean feasibility
different physical 08Yy; 79% female of 2.0 hours/day 2.4
education programs times per week
Zhang et al*® PedsQL English Evaluate the relationship  n =235 undergraduate ~Reported a mean of “Comprehensive con- Internal consistency,
United States between HRQoL, women; age, 210+ 460.54 minutes/week struct including physi- construct validity,
individual factors, en- 17 y;100% women of MVPA cal and psychosocial feasibility

vironmental factors,
and physical activity

health functioning”

Table continues on page 484.
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CHARACTERISTICS OF INCLUDED STUDIES (CONTINUED)
Language Physical Activity Measurement
Study, Country HRQoLPROM  of PROM  Primary Objective Sample® Description HRQoL Definition Properties Evaluated
Gill et al® QoL Survey, English Evaluate the measure- n = 446 university Enrolled in a Fitness for ‘A subjective, multidi- Structural validity,
United States SF-36, ment properties of students enrolled Life class mensional, integrative internal consis-
WHOQOL- the QoL Survey and in Fitness for Life construct that reflects tency, test-retest
BREF compare them to classes; age, 20.4 + optimal well-being and reliability, construct
those of the SF-36 4.02; 67% women positive health” validity
Huffman et al?® SF-36 English Compare SF-36 scores of  n =696 NCAA Division  Participated in collegiate  NR Internal consistency
United States competitive athletes land Il college sports
with those of an athletes; age, 20.4
age-matched general y (17-23y); 41%
population sample female
Hoch et al? SF-12, DPA-MSC  English Determine the relation-  n =100 collegiate or Reported being NR Construct valid-
United States ship between the recreational athletes physically active >90 ity, interpretability,
SF-12, DPA, and with a lower extrem- minutes/week feasibility
PROMIS-PF ity musculoskeletal
injury; age, 20.40 +
219y; sexNR
Cielask et al® WHOQOL-BREF  NR Describe HRQoL and n =85 physical educa-  Classified as very active ~ “The individual’s percep-  Internal consistency
Brazil physical activity tion students; age, or active on the IQPA tion of his position in
2074 +279y; 46% life in the context of
women culture and system of
values and in relation
to his objectives,
expectations, patterns,
and worries”
Sauers et al® FAST English Develop an up- n =830 baseballand  Participated in baseball ~ “The physical, psychologi- Content validity,
United States per extremity, softball athletes, or softball cal, and social domains structural validity,
region-specific and with and without of health, seen as internal consis-
population-specific a throwing injury; distinct areas that tency
PROM to measure age, 165+09y are influenced by a
HRQoL in throwing (baseball) and 19.5 person’s experiences,
athletes +11y (softball); 0% beliefs, expectations,
(baseball) and 28% and perceptions”
(softball) female
Sauers et al* FAST English Evaluate relationships n = 25 competitive Participated in softball “The physical, psychologi-  Construct validity
United States between upper ex- high school and cal, and social domains
tremity injury history, college softball of health, seen as
current pain rating, pitchers without a distinct areas that
and HRQoL in softball current musculo- are influenced by a
pitchers skeletal injury; age, person’s experiences,
18.3+20y;100% beliefs, expectations,
female and perceptions”
Huxel Bliven et al®®  FAST English Evaluate the measure- n=557baseballand Participated in baseball ~ NR Test-retest reliability,
United States ment properties of softball players, with or softball measurement error,
the FAST and without a cur- construct validity,
rent musculoskel- responsiveness,
etal upper extremity interpretability
injury; age, 179 +
23y;182+21y;
188+22y;200
+22Y;0%-27%
women
Table continues on page 485.
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CHARACTERISTICS OF INCLUDED STUDIES (CONTINUED)
Language Physical Activity Measurement
Study, Country HRQoLPROM  of PROM  Primary Objective Sample* Description HRQoL Definition Properties Evaluated
Drew et al® HAGOS-QoL English Establish normative n =75 professional and  Participated in Australian NR Structural validity,
Australia HAGOS scores in semi-professional football interpretability
Australian football Australian football
players, with and
without current
groin pain; age, 23.1
+3.1y; 0% women
Hinman et al® HAGOS-QoL, English Evaluate the test-retest  n =30 young adults Reported being physi- NR Test-retest reliability,
Australia HOO0S-QoL, reliability of hip- with hip and/or cally active for a mean measurement error,
iHOT-33 related PROMs in groin pain; age, 24+ of 6 hours/week feasibility
active youth with FAI 4y;50% women
Clapp et al® iHOT-12 English Compare 2y iHOT-12 n =59 professional, Participated in competi- ~ NR Interpretability
United States scores of competitive semi-professional, tive sports
athletes and nonath- or college athletes
letes undergoing hip who underwent hip
arthroscopy arthroscopy for FAI;
age, 220+£48y;
63% women
Hoch et al?* KOOS-QoL English Evaluate the test-retest ~ n =16 NCAA Division  Participated in soccer “A person's function in Test-retest reliability,
United States reliability and esti- | soccer players everyday life and an measurement error,
mate the MDC of the without a current evaluation of his or her feasibility
DPA, FAAM-S, and musculoskeletal physical, psychological,
KOOS injury; age, 197 £ and social aspects of
10y (women) and health derived from
199+ 09y (men); personal beliefs, prefer-
56% women ences, experiences,
and expectations”
Edmonds et al* PASS English Evaluate the reliability n =132 individuals Participated in a sport, NR Construct validity,
United States and validity of the with a shoulder including overhead responsiveness,
PASS injury; age, 16 +2y; throwing sports interpretability,
30% female feasibility
Abbreviations: ALQS, Athlete Life Quality Scale; DPA, Disablement in the Physically Active scale; DPA-MSC, Disablement in the Physically Active scale-
mental summary component; DPA-MSC SF-8, 8-item Disabl t in the Ph, lly Active scal tal TY t Short Form; DPA-MSC SF-10,
10-item Disable t in the Ph lly Active scal tal P t Short Form; FAAM-S, Foot and Ankle Ability Measure sports subscale; FAI,
femor bular impi t; FAST, Functional Arm Scale for Thruwers, GLTEQ, Godin Leisure-Time Exercise Questionnaire; HAGOS-QoL, Copenhagen
Hip and Groin Outcame Score hip-related quality of life subscale; HOOS-QoL, Hip dysfunction and Osteoarthritis Outcome Score hip-related quality of life
subscale; HRQoL, health-related quality of life; iHOT-12, 12-item International Hip Outcome Tool; tHOT-33, 33-item International Hip Outcome Tool; IQPA,
Inter lQ i ire of Physical Activity; KIDSCREEN-10, 10-item KIDSCREEN index; KIDSCREEN-52, 52-item KIDSCREEN questionnaire;
KOOS-QoL, Knee injury and Osteoarthritis Outcome Score knee-related quality of life subscale; MDC, minimal d ble ch ; MVPA, moderate-to-vigorous
hysical activity; NCAA, National Coll Athletic A iation; NR, not reported; PASS, Pediatric/Adolescent Shoulder Survey; PedsQL, Pediatric Quality of
sze Inventory; PROM, patient- reported outcome measure; PROMIS-PF, Patient-Reported Outcomes Measurement Information System physical functioning
domain; QoL, quality of life; SF-12, Medical Outcomes Study 12-Item Short-Form Health Survey; SF-36, Medical Outcomes Study 36-Item Short-Form Health
Survey; WHOQOL-BREF, World Health Organization Quality of Life instrument-abbreviated version.
*Age values are mean, mean + SD, mean (range), or range.

Content Validity Two studies™ described
the development of the ALQS and DPA-
MSC (supplemental file 6). The ALQS"
had very low-quality evidence for insuf-
ficient content validity because it did not
address relevance, comprehensiveness, or
comprehensibility in a sample of unin-
jured collegiate athletes (supplemental file

7). The development of the DPA-MSC*»
included qualitative interviews with in-
jured competitive and recreational youth
athletes, but it was unclear whether the
athletes were asked about comprehen-
siveness or comprehensibility; therefore,
it was rated as low-quality evidence due
to inconsistent content validity.

Structural Validity Six studies®!718:2529:55
assessed the structural validity of 6
PROMs. The DPA-MSC was investi-
gated across 3 studies.>*** In 1 study
including injured active youth,’ the
DPA-MSC possessed high-quality
evidence for insufficient structural
validity; however, in studies with un-
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injured active youth?® or both injured
and uninjured active youth,? its struc-
tural validity was indeterminate. The
DPA-MSC SF-10,> DPA-MSC SF-8,?
KIDSCREEN-52, and QoL Survey™
demonstrated moderate- or high-qual-
ity evidence for sufficient structural
validity. The ALQS" demonstrated in-
determinate structural validity.

[ LITERATURE REVIEW |

Internal Consistency Twelve stud-
ieSZ,S,IZI8,23,25,29,40,45,55,59,60 investigated the
internal consistency of 10 PROMs. The
DPA-MSC SF-10,> DPA-MSC SF-8,> KID-
SCREEN-52,% and QoL Survey® had
high-quality evidence for sufficient inter-
nal consistency. The ALQS,” PedsQL,%
SF-36,%*> and WHOQOL-BREF*® had
indeterminate ratings, as they lacked suffi-

cient structural validity in active youth. The
DPA-MSC had very low-quality evidence
for insufficient internal consistency in in-
jured active youth**® but indeterminate
findings in uninjured active youth?’ and in
both injured and uninjured active youth.*
The WHOQOL-BREF findings from 1
study® were not included in the qualitative
summary due to poor overall study quality.

OVERALL RATING AND QUALITY OF EVvIDENCE FOR HRQoL PROMs?

Content Structural Internal Test-Retest Measurement Construct Criterion Responsive-
Validity Validity Consistency Reliability Error Validity Validity ness

Rating® QEc Rating® OQE° Rating® QE° Rating® OQE° Rating® QE° Rating® QE° Rating® QE° Rating® QE° FR
Generic PROMs
ALQS = VL ? M ? L B
DPA-MSC + L -? HM -? VLH + VL ? VL +- VLH + L C
DPA-MSC SF-10° + H + H B
DPA-MSC SF-8¢ + H + H B
KIDSCREEN-52 + M + H B
KIDSCREEN-10 + VL B
PedsQL ? H ? H B
QoL Survey® + H + H + M ? B
SF-36 ? H ? M B
SF-12 ? VL B
WHOQOL-BREF ? H B
Condition-specific PROMs
FAST® = L + H + H + L ? L 2+ VL + L B
HAGOS-QoL ? VL + VL ? VL B
HOOS-QoL + VL ? VL B
iHOT-33 + VL ? VL B
iHOT12 B
KOOS-QoL + VL ? VL B
PASS = VL ? VL ? VL B
Abbreviati -, insufficient; +, sufficient; +, 7 istent; 2, indeter: te; ALQS, Athlete Life Quality Scale; DPA-MSC, Disablement in the Physically Active
l tal Y ; DPA-MSC SF-8, 8-item Disable in the Ph lly Active scal tal "y comp t Short Form; DPA-MSC
SF-10, 10-item Disable t in the Ph lly Active scal tal Y P Short Form; FAST, Functional Arm Scale for Throwers; FR, final rec-

ommendation; H, high; HAGOS-QoL, Copenhagen Hip and Groin Outcome Score hip-related quality of life subscale; HOOS-QoL, Hip dysfunction and Osteo-
arthritis Outcome Score hip-related quality of life subscale; HRQoL, health-related quality of life; iHOT-12, 12-item International Hip Outcome Tool; itHOT-33,
33-item International Hip Outcome Tool; KIDSCREEN-10, 10-item KIDSCREEN index; KIDSCREEN-52, 52-item KIDSCREEN questionnaire; KOOS-QoL,
Knee injury and Osteoarthritis Outcome Score knee-related quality of life subscale; L, low; M, moderate; PASS, Pediatric/Adolescent Shoulder Survey; PedsQL,
Pediatric Quality of Life Inventory; PROM, patient-reported outcome measure; QE, quality of evidence; QoL, quality of life; SF-12, Medical Outcomes Study
12-Item Short-Form Health Survey; SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey; VL, very low; WHOQOL-BREF, World Health Orga-
nization Quality of Life instrument-abbreviated version.

*Blank cells indicate that no id d study eval d the measurement property. Each measurement property could have more than 1 overall rating and/or
QE rating.

YThe overall rating of summarized results by PROM, rated as sufficient, indeterminate, i 1 or insufficient, as per the CO based Standards for
the sel of health Me nent INstruments criteria for good measurement properties.**

<The QE by PROM, graded as high, moderate, low, or very low, as per the modified Grading of R dati A t, Develop t and Eval;
approach.*5#74:51

4The FR for a PROM was categorized as “A” (evidence for sufficient content validity and at least low-quality evidence for sufficient internal z ), “B”

(neither ‘A” nor “C”), or “C” (high-quality evidence for any insufficient measurement property).*o7+:3
<The most suitable existing HRQoL PROMs, after evaluating measurement properties, interpretability, and feasibility.
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Test-Retest Reliability Two studies!'®*
examined the test-retest reliability of 3
PROMs. The DPA-MSC* demonstrated
very low-quality evidence for sufficient
reliability due to imprecision (ie, sample
size fewer than 50), the QoL Survey'® had
moderate-quality evidence for sufficient
reliability, and the SF-36' had indeter-
minate reliability.

Construct Validity Four studies evalu-
ated the construct (convergent) validity
of the DPA-MSC,* PedsQL,%° QoL Sur-
vey,’® and SF-12?* compared to generic
HRQoL, life satisfaction, physical func-
tioning, physical activity, self-efficacy,
and/or social support. All studies had
indeterminate results because no a priori
hypotheses were provided.

Criterion Validity Two studies®* evalu-
ated the criterion validity of the DPA-
MSC. The DPA-MSC demonstrated very
low-quality evidence for sufficient cri-
terion validity with a single global func-
tioning item in injured active youth,? and
high-quality evidence for insufficient cri-
terion validity with the DPA total score in
uninjured active youth.?*
Responsiveness One study® assessed
the responsiveness of the DPA-MSC.
The DPA-MSC* possessed low-quality
evidence for sufficient responsiveness in
active youth with an acute or persistent
musculoskeletal injury.

Other Measurement Properties No in-
cluded studies assessed the measurement
error or cross-cultural validity (ie, validity
across ethnicities, languages, sexes, ages,
or patient groups) of generic HRQoL
PROMs.

Interpretability and Feasibility Inter-
pretability and feasibility characteristics
for generic HRQoL PROMs are outlined
in supplemental files 8 and 9. The mini-
mal important change (MIC) for the
DPA-MSC?* was estimated to be 9 points
for youth with an acute musculoskeletal
injury and 6 points for youth with a per-
sistent musculoskeletal injury, using an-
chor-based methods. The SF-36%%%¢ was
reported to have a MIC of 10 points for
domain scores and 5 points for summary
component scores. The KIDSCREEN

questionnaires (for commercial use),
PedsQL, and SF-12 had a user fee.

Final Recommendation All generic
HRQoL PROMs except the DPA-MSC
were given a final recommendation of “B,”
as none provided evidence for sufficient
content validity in active youth (TABLE 3).
The DPA-MSC was assigned a final rec-
ommendation of “C” due to high-quality
evidence for insufficient structural valid-
ity?® and criterion validity.”> The DPA-
MSC SF-10, DPA-MSC SF-8, and QoL
Survey had high-quality evidence for
sufficient structural validity and internal
consistency, and the QoL Survey also had
moderate-quality evidence for sufficient
test-retest reliability. With other generic
instruments having indeterminate or in-
consistent measurement properties, the
DPA-MSC SF-10, DPA-MSC SF-8, and
QoL Survey were considered the most
suitable existing generic HRQoL PROMs
for active youth.

Condition-Specific HRQoL Instruments
Seven condition-specific HRQoL
PROMs were evaluated in 8 of 21 studies
(38%).6:1011:2021.264544 A gyerview of these
instruments is found in supplemental file
5. Two PROMs were specific to the up-
per extremity (the Functional Arm Scale
for Throwers [FAST]?643#* and Pediatric/
Adolescent Shoulder Survey [PASS]"), 4
to the hip (Copenhagen Hip and Groin
Outcome Score hip-related quality of life
[HAGOS-QoL] subscale,**° Hip dys-
function and Osteoarthritis Outcome
Score hip-related quality of life [HOOS-
QoL] subscale,*® 33-item International
Hip Outcome Tool [iHOT-33],%° and
12-item International Hip Outcome Tool
[iHOT-12]°), and 1 to the knee (Knee in-
jury and Osteoarthritis Outcome Score
knee-related quality of life [KOOS-QoL]
subscale?). Three condition-specific in-
struments were a subscale of a larger
PROM. Higher scores reflected better
HRQoL outcomes in all PROMs except
for the FAST. All studies used self-com-
pleted administration.

Content Validity Two studies"** de-
scribed the content validity of the FAST

and PASS (supplemental file 6). The
FAST had low-quality evidence for in-
consistent content validity, as relevance,
comprehensiveness, and comprehensi-
bility were not established in uninjured
competitive and recreational throwing
athletes (supplemental file 7).** The PASS
demonstrated very low-quality evidence
for insufficient content validity because
the study did not conduct interviews or
focus groups in active youth with a shoul-
der injury."

Structural Validity Two studies'*** exam-
ined the structural validity of 2 PROMs.
The FAST* had high-quality evidence for
sufficient structural validity, whereas the
HAGOS-QoL subscale® had indetermi-
nate structural validity.

Internal Consistency One study*’ evalu-
ated internal consistency. The FAST*
demonstrated high-quality evidence for
sufficient internal consistency.
Test-Retest Reliability Three stud-
ies?02126  investigated the test-retest
reliability of 5 PROMs. The HAGOS-
QoL subscale,? HOOS-QoL subscale,*®
iHOT-33,° and KOOS-QoL subscale*
possessed very low-quality evidence for
sufficient reliability due to imprecision.
The FAST?¢ had low-quality evidence for
sufficient reliability due to a short test-
retest interval (mean, 4.5 days).
Measurement Error Three studies®®**¢
examined the measurement error of 5
PROMs. The FAST,* HAGOS-QoL sub-
scale,?* HOOS-QoL subscale,® iHOT-
33,2° and KOOS-QoL?' subscale all had
indeterminate results, as a MIC was not
defined.

Construct Validity Three studies'?6:4
assessed the convergent validity of 2
PROMs. The FAST?64* and PASS" had
indeterminate results because no a pri-
ori hypotheses were stated. The FAST?¢
demonstrated low-quality evidence for
sufficient known-groups validity between
injured and uninjured active youth.
Responsiveness Two studies'>*® assessed
the responsiveness of 2 PROMs. The
FAST*¢ had low-quality evidence for suf-
ficient responsiveness, whereas the PASS
had indeterminate responsiveness."
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Other Measurement Properties No in-
cluded studies assessed the criterion or
cross-cultural validity of condition-spe-
cific HRQoL instruments.
Interpretability and Feasibility Inter-
pretability and feasibility characteristics
for condition-specific HRQoL. PROMs
are described in supplemental files 8
and 9. There were missing data for the
KOOS-QoL subscale (11%)* and PASS
(20.5%)." The MIC for the iHOT-12 was
estimated to be 12.1 points® using distri-
bution-based methods. The MIC for both
the HAGOS-QoL subscale and iHOT-33
was stated to be 10 to 15 points.?*52 All
condition-specific HRQoL instruments
were free to use.

Final Recommendation All condition-
specific HRQoL PROMs were given a fi-
nal recommendation of “B” due to a lack
of sufficient content validity in active
youth (TABLE 3). The FAST was the only
instrument with high-quality evidence
for sufficient structural validity and inter-
nal consistency. We judged the FAST to
be the most suitable existing condition-
specific HRQoL PROM for active youth.

Comparison of HRQoL PROMs Between
Injured and Uninjured Active Youth

Of the 18 HRQoL PROMs identified,
5 were only evaluated in injured ac-
tive youth (the SF-12,> HOOS-QoL
subscale,?® iHOT-33,2° iHOT-12,° and
PASS"™), 8 were only evaluated in unin-
jured active youth (the ALQS,” KID-
SCREEN-52,% KIDSCREEN-10,*¢
PedsQL,%° QoL Survey,® SF-36,'%%
WHOQOL-BREF,>* and KOOS-QoL
subscale?'), and 5 were evaluated in both
injured and uninjured active youth (the
DPA-MSC,*?2:23:405559 = DPA-MSC SF-
10,> DPA-MSC SF-8,2 FAST,*6#34 and
HAGOS-QoL subscale'*2?). Of the in-
struments evaluated in both injured and
uninjured active youth, there was limited
overlap in the measurement properties
assessed. Only the DPA-MSC had the
same measurement properties assessed
across multiple studies involving different
samples. 2223405559 The structural valid-
ity and internal consistency of the DPA-

| LITERATURE REVIEW ]

MSC demonstrated insufficient results in
injured active youth but indeterminate
results otherwise (supplemental file 7).

DISCUSSION

E IDENTIFIED AND EVALUATED 11
Wgeneric and 7 condition-specific
HRQoL PROMs for active youth.

The methodological quality, overall re-
sults ratings, and quality of evidence for
measurement properties across different
instruments were highly variable. Only 2
generic and 2 condition-specific HRQoL
PROMs assessed content validity, and all
demonstrated low or very low evidence
for inconsistent or insufficient content va-
lidity. There was little information about
interpretability and feasibility. Ultimately,
no identified PROMs warranted a final
recommendation of “A,” suggesting that
there is no suitable generic or condition-
specific HRQoL PROM for active youth.

Lacking sufficient content validity
undermines the methodological qual-
ity of a study and reduces confidence
in its results.” The absence of sufficient
content validity across PROMs used to
assess the HRQoL of active youth is a se-
rious limitation. We note that all PROM
development studies™ 3% jdentified in
our review were published before the
2018 COSMIN risk-of-bias checklist?6415!
and would not have benefited from this
resource to assess content validity.

Structural validity, internal consisten-
cy, and cross-cultural validity of a PROM
describe how individual items within an
instrument are related and organized into
subscales.? The DPA-MSC SF-10,> DPA-
MSC SF-8,2 QoL Survey,'® and FAST*
were the only PROMs with high-quality
evidence for sufficient structural validity
and internal consistency, and are there-
fore considered the most suitable existing
HRQoL PROMs for active youth. Given
that there is no difference in the items
of the 2 DPA-MSC short forms (ie, the
discrepancy in items lies in the physical
summary component), we recommend
the DPA-MSC SF-8, as it requires less
time to complete and score.

The absence of evidence of other
measurement properties limits the abil-
ity of PROMs to monitor HRQoL over
time. Establishing test-retest reliability,
measurement error, and responsiveness
allows clinicians and researchers to un-
derstand whether a change in PROM
score truly reflects patients' perceived
change of their HRQoL (ie, not due to
random error). Estimating a MIC is
also important for determining whether
change scores are meaningful to patients.

This systematic review is the first to
examine the quality of existing HRQoL
instruments used in active youth. Al-
though not specifically focused on active
youth or musculoskeletal conditions, 1
previous review in 2008* identified 94
instruments, with the KIDSCREEN and
PedsQL demonstrating acceptable valid-
ity and reliability. In contrast, we found
that the KIDSCREEN-52 had moderate-
or high-quality evidence for sufficient
structural validity and internal consisten-
cy, while the PedsQL showed indetermi-
nate ratings for internal consistency and
construct validity, suggesting that both
instruments should be further examined
to determine whether they are suitable
for active youth populations.

Research Recommendations

The ideal HRQoL PROM for active
youth is psychometrically robust, easy to
interpret, and applicable in clinical and
research settings. Without an ideal in-
strument, researchers must re-evaluate
existing HRQoL PROMs or develop a
new HRQoL PROM for active youth. As
instrument development requires im-
mense time, effort, and resources, it may
be prudent to first re-evaluate existing
HRQoL PROMs.

Future studies examining measure-
ment properties of HRQoL instruments
should follow the COSMIN risk-of-bias
checklist.?645 Content validity must be
well established by seeking input from
members of the target population who
represent different manifestations of
HRQoL (eg, high and low HRQoL) and
demographics (eg, varying age, sex, and
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ethnicity). Then, other measurement
properties can be assessed, starting with
structural validity and internal consis-
tency, to understand a PROM’s internal
structure. To address interpretability and
feasibility, investigators should report
missing item data, floor and ceiling ef-
fects, a MIC, time to complete and score,
and costs.

Until a suitable HRQoL PROM is
available, we propose using a mixed-
methods approach?” in which generic
and condition-specific PROMs are used
alongside qualitative methods to study
the HRQoL of active youth. When pos-
sible, we recommend the DPA-MSC SF-
8, QoL Survey, and FAST to measure
HRQoL. Additionally, conducting inter-
views with young people from varying
sports or activities, competition levels,
and health statuses may provide a more
in-depth understanding of what HRQoL
means to active youth and which deter-
minants are important to them.

Clinical Implications

Clinicians who wish to learn how to se-
lect a suitable PROM are encouraged
to review the COSMIN risk-of-bias
checklist**+5! and explore the COSMIN
website resources. The most suitable
PROM for clinical use is one that is easy
to understand, requires minimal time to
complete and score, and is free to use. To
assess the HRQoL of active youth with
musculoskeletal injuries, we recommend
collating findings from generic and con-
dition-specific PROMs and selecting the
DPA-MSC SF-8, QoL Survey, and FAST
when appropriate. Clinicians may also
review responses to individual items to
spark conversations regarding a patient’s
perception of injury, facilitators of and
barriers to rehabilitation, and strategies
to improve recovery. Information from
overall PROM scores and individual item
responses can help clinicians tailor treat-
ment plans to the individual athlete.

Strengths and Limitations
Adhering to the COSMIN user manu-
al?6374151 provided a standardized ap-

proach to evaluating measurement
properties, interpretability, and feasibil-
ity and providing a final recommenda-
tion. As the COSMIN user manual?6-3%451
is a universal resource, the findings of
this review can be compared to past and
future research.

A limitation of using the COSMIN
user manual,®®?7#5 jpcluding the 2018
COSMIN risk-of-bias checklist, is that
many studies (71%) were judged on
more rigorous criteria that did not ex-
ist at the time of their design. This may
have resulted in stricter ratings and final
recommendations for PROMs developed
or evaluated before 2018. Despite a com-
prehensive search strategy, our stringent
inclusion criteria likely excluded some
relevant PROMs. For example, using
sample mean or median age excluded
the Anterior Cruciate Ligament-Quality
of Life (ACL-QoL) questionnaire, a com-
monly used condition-specific PROM
for young athletes with an anterior cru-
ciate ligament injury, because it was de-
veloped in a sample with a mean age of
27.6 years.** It is worth assessing other
HRQoL PROMs like the ACL-QoL ques-
tionnaire to determine their measure-
ment properties, interpretability, and
feasibility for active youth. We also ac-
knowledge the heterogeneity of the in-
cluded studies, with few studies assessing
the same PROM. Finally, there is likely a
difference in variability of PROM scores
between injured and uninjured youth
(ie, injured youth tend to demonstrate
greater variability) across studies, which
may limit the generalizability of measure-
ment properties evaluated between the 2
groups.

CONCLUSION

content validity. The DPA-MSC

SF-8 (generic), QoL Survey (ge-
neric), and FAST (condition-specific)
demonstrated high-quality evidence
for sufficient structural validity and in-
ternal consistency and were the most
suitable existing HRQoL PROMs for

N 0 HRQoL PROM HAD SUFFICIENT

active youth. Until a definitively robust
instrument is available, we recommend
selecting the DPA-MSC SF-8, QoL Sur-
vey, and FAST; using multiple PROMs;
and applying mixed methods to gain a
holistic understanding of the HRQoL of
active youth. ®

KEY POINTS
FINDINGS: No definitively robust patient-
reported outcome measure (PROM) to
measure the health-related quality of life
(HRQoL) of active youth currently ex-
ists, due to the lack of sufficient content
validity. The 8-item Disablement in the
Physically Active scale-mental summary
component Short Form (DPA-MSC
SF-8), Quality of Life (QoL) Survey,
and Functional Arm Scale for Throwers
(FAST) are the most suitable existing
HRQoL PROMs, as they demonstrated
sufficient structural validity and internal
consistency.
IMPLICATIONS: Until a robust PROM is
available, we recommend selecting the
DPA-MSC SF-8, QoL Survey, or FAST to
assess the HRQoL of active youth when
possible. Researchers may also consider
using mixed methods, combining quan-
titative and qualitative approaches, to
best capture active youth HRQoL.
CAUTION: Low to very low quality of evi-
dence or indeterminate results for some
measurement properties of the identi-
fied HRQoL PROMs indicate that these
instruments need to be re-examined for
use in active youth, not that they should
be abandoned altogether.
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Appendix F: Search Strategy (Chapter 2)

1. Search strategy for MEDLINE (OVID)

No.

Search

1

AN N kW

11
12
13
14
15

16
17
18

adolescent/ or young adult/ or child/

(youth* or adolescen* or teen* or child* or pediatr* or paediatr* or school* or pubescen* or young
adult* or high school or senior high or university* or colleg* or post secondary* or student® or
varsity).mp.

lor2

exp Sports/

Athletes/

(sport* or athlet* or phys ed or physical education or gym* or aerobic* or exercise* or physical*
activ* or fitness or archery or badminton or baseball or basketball or bandy or biathlon or bobsleigh*
or body building or bowling or boxing or boxer* or bull fight* or canoe* or cheerlead* or cricket* or
cross country ski* or curling or curler* or cycling or danc* or decathlon or diving or equestrian* or
fencing or fencer* or field hockey or figure skat* or football* or gridiron or golf* or gymnast* or
handball or hockey or ice hockey or judo or jogging or jogger* or ju jitsu or karate or kayak* or kung
fu or lacrosse or lawn bowl1* or luge* or martial art* or mountain bik* or marathon or mountaineering
or netball or nordic combined or pentathlon or plyometric* or polo or racing or racquetball or rock
climb* or rodeo or rowing or rugby or running or runner* or sailing or shooting* or ski or skiing or
skier® or skat* or skeleton or soccer or softball or snowboard* or squash or surfer* or surfing or
swim* or taewkondo or tennis or (track and field) or trampolin* or triathlon or ultimate frisbee or
volleyball or walker or walking or water polo or weight lift* or workouts or work* out* or wrestl* or
yoga).mp.

4or5or6

(quality of life or QOL* or health-related quality of life or HRQoL or HRQL or wellbeing or well-
being or wellness or life satisfaction).mp.

exp "surveys and questionnaires"/ or exp health care surveys/

(questionnaire or survey or scale or scale* or survey* or questionnaire* or index or checklist or tool
or tools or test or tests or instrument or instruments or score* or inventory or self report* or self-rated
or SF* or short-form 36 or short-form 12 or short-form 8 or EQ-5D* or EQ-VAS or health utilities
index* or Sickness Impact Profile or Nottingham Health Profile or RAND or Quality of Well Being
Scale or QWB or Athlete Life Quality Scale or ALQS or Flourishing Scale or Trojan Lifetime
Champions or (Knee injury and Osteoarthritis Outcome Score) or KOOS or (Disabilities of the Arm
Shoulder and Hand) or Pediatric Quality of Life Inventory or PedsQL or Pediatric Outcomes Data
Collection Instrument or PODCI).mp.

9or10

Psychometrics/

validation studies/

exp "REPRODUCIBILITY OF RESULTS"/

(valid* or responsive* or reproduca* or reproduci* or generali?ab* or reliability or sensitivity or
specificity or correlation™ or psychometric or clinimetric* or accuracy or interpretability or minimal
clinical* important difference or MCID or minimal important difference or MID or minimal clinical*
important change or MCIC or minimal clinical* important improvement or MCII or standard error of
measurement or SEM or COSMIN or internal consistency or measurement propert* or measurement
error or hypotheses test* or cross cultural validity or criterion validity or construct validity or content
validity or face validity).mp.

12or 13 or 14 or 15

3and 7and 8 and 11 and 16

17 not (elder* or geriatric* or older adult* or infant* or preschool* or pre-school* or ADHD or
amput* or aneurysm or angina or arthrit* or asthm* or autis* or bowel disease* or bowel syndrome*
or brain injur* or cancer* or cardiac or cardiomyopath™* or cerebral palsy or CP or cleft or
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19

concussion* or COPD or cystic fibrosis or dental or depression or diabet* or down* syndrome or
eczema or epilep* or fibromyalg* or heart disease* or CHD or heart failure or CHF or hemophili* or
haemophili* or HIV or hypertension or HTN or incontinence or infection* or kidney disease* or
CKD or leukaemia or leukemia or lung disease* or menopaus* or multiple scleros* or muscular
dystrophy or oral health* or obes* or osteoarthriti* or OA or overweight or parkinson* or post natal
or post-natal or post stroke or post-stroke or post traumatic stress or post-traumatic stress or pregnan*
or psychiatric or psychotic* or pulmonary disease or scolio* or schizophr* or sexual* abus* or spina
bifida or spinal cord injur* or SCI or stenosis or stroke or transplant* or tumor* or tumour* or
vestibular).ti.

limit 18 to English language

2. Search strategy for EMBASE (OVID)

No.

1

AN kAW

11
12
13
14

Search
adolescent/ or young adult/ or child/
(youth* or adolescen* or teen* or child* or pediatr* or paediatr* or school* or pubescen* or young
adult* or high school or senior high or university* or colleg* or post secondary™® or student* or
varsity).mp.
lor2
exp sports/
exp athlete/
(sport* or athlet* or phys ed or physical education or gym* or aerobic* or exercise* or physical*
activ* or fitness or archery or badminton or baseball or basketball or bandy or biathlon or bobsleigh*
or body building or bowling or boxing or boxer* or bull fight* or canoe* or cheerlead* or cricket* or
cross country ski* or curling or curler* or cycling or danc* or decathlon or diving or equestrian* or
fencing or fencer* or field hockey or figure skat* or football* or gridiron or golf* or gymnast* or
handball or hockey or ice hockey or judo or jogging or jogger* or ju jitsu or karate or kayak* or kung
fu or lacrosse or lawn bowl* or luge* or martial art* or mountain bik* or marathon or mountaineering
or netball or nordic combined or pentathlon or plyometric* or polo or racing or racquetball or rock
climb* or rodeo or rowing or rugby or running or runner* or sailing or shooting* or ski or skiing or
skier* or skat* or skeleton or soccer or softball or snowboard* or squash or surfer* or surfing or
swim* or taewkondo or tennis or (track and field) or trampolin* or triathlon or ultimate frisbee or
volleyball or walker or walking or water polo or weight lift* or workouts or work* out* or wrestl* or
yoga).mp.
4or5or6
(quality of life or QOL* or health-related quality of life or HRQoL or HRQL or wellbeing or well-
being or wellness or life satisfaction).mp.
exp questionnaires/ or exp health care surveys/
(questionnaire or survey or scale or scale* or survey* or questionnaire* or index or checklist or tool
or tools or test or tests or instrument or instruments or score* or inventory or self report* or self-rated
or SF* or short-form 36 or short-form 12 or short-form 8 or EQ-5D* or EQ-VAS or health utilities
index* or Sickness Impact Profile or Nottingham Health Profile or RAND or Quality of Well Being
Scale or QWB or Athlete Life Quality Scale or ALQS or Flourishing Scale or Trojan Lifetime
Champions or (Knee injury and Osteoar