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Background: Numerous patient-reported outcome measures (PROMs) have been used in patients with anterior cruciate ligament
reconstruction (ACLR), often with overlapping constructs of interest and limited content validity. Inefficient scale application
increases burden and diminishes overall usefulness for both the patient and practitioner.

Purpose: To isolate specific PROM items across a diverse set of constructs that patients and practitioners perceive as having the
greatest value at various stages of recovery and return to sport (RTS) in patients after ACLR.

Study Design: Cross-sectional study.

Methods: A combined 77 stakeholders participated in this 2-phase mixed-methods investigation. In phase 1, a total of 27
patients and 21 practitioners selected individual PROM items from various constructs that had the greatest utility or importance.
In phase 2, the highest rated items were further tested in a head-to-head comparison with 29 stakeholders who attended the 2022
ACL Injury Research Retreat. In addition to the utility assessment, practitioners answered other questions related to importance
and timing of PROM assessments.

Results: In phase 1, both patients and practitioners shared the same top item in 6 of the 8 (75%) constructs assessed. In phase 2,
the construct of psychological burden was rated as ‘‘extremely important’ by 59% of respondents, followed by physical function
(54%), symptoms (35%), and donor site issues (10%). The PROM items of confidence, perceived likelihood of reinjury, and dif-
ficulty stopping quickly were rated by a respective 93%, 89%, and 86% of the sample as either “very useful’’ or “‘extremely use-
ful.”” All constructs except donor site issues were rated by most stakeholders to be absolutely necessary to evaluate treatment
progress and RTS readiness at the 6-month postoperative time and at RTS.

Conclusion: Overall, psychological burden, with specific items related to confidence and reinjury likelihood, were rated as most
important and useful by both patients and practitioners. The second most important and useful PROM item was related to higher
intensity function (eg, decelerating or jumping/landing activities during sports).

Keywords: construct relevance; content validity; item-relevance; patient-reported outcomes; psychosocial; recovery; rehabilita-
tion; return to sport; usability

Anterior cruciate ligament (ACL) injury reconstruction
(ACLR) is a common surgical procedure, with approxi-
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(RTS) after ACLR is complex, involving both physical
recovery as well as the influence of psychosocial factors
such as perceived pain and function, readiness, quality of
life, confidence, social support, and kinesiophobia.l”32
After ACLR, patients undergo extensive rehabilitation to
restore physical functioning and must also overcome
psychosocial-related barriers to maximize their likelihood
of achieving satisfactory long-term outcomes important
for their individual quality of life.}®37 Restoration of both
physical and psychosocial function are associated with
higher rates of RTS and lower rates of reinjury after
RTS.51230 Thus, comprehensive care of an athlete after
ACLR requires a detailed understanding of how these fac-
tors present and interact throughout recovery.

In a patient-centered model, it is vital not only to under-
stand the athlete’s perception of their function and recov-
ery but also to consider input from multidisciplinary
perspectives, including the surgeon, physical therapist,
athletic trainer, and research teams utilizing these factors
in guiding therapeutics. Aside from qualitative methods
(eg, interviewing patients), patient-reported outcome
measures (PROMs) are the gold standard for evaluating
psychosocial-related factors. Via self-report, PROMs pro-
vide a means to quantify a construct of interest and are
particularly useful for gleaning insight into psychosocial
factors that cannot be measured or “seen” with traditional
biomedical/imaging assessments (eg, patient pain or confi-
dence). There are numerous PROMs in the literature that
are used in current clinical practice, all of which assess dif-
fering, and sometimes overlapping, constructs of interest,
limiting their optimal utilization in patients with
ACLR.3? PROMs used to assess physical and psychosocial
domains related to ACL injury include but are not limited
to the Knee injury and Osteoarthritis Outcome Score
(KOOS),?® International Knee Documentation Committee
(IKDC) Subjective Knee Evaluation Form,?* Knee
Numeric-Entity Evaluation Score-ACL (KNEES-ACL),'°
Donor-Site-Related Scale,* and ACL Return to Sport After
Injury Scale (ACL-RSI),3® with the KOOS and IKDC used
most frequently.’®*2 Although these and other PROMs are
utilized widely, there is limited evidence to demonstrate
which, if any, are ideal to capture desired constructs (eg,
perceived physical function, symptoms, psychological bur-
den, donor-site issues, etc) and/or are uniquely sensitive
to predicting long-term patient outcomes (eg, risk of sec-
ondary ACL injury).

Broader limitations of PROMs typically utilized in
patients after ACLR include overlapping question content

The Orthopaedic Journal of Sports Medicine

(eg, redundancy), items with limited relevance for patients
with ACLR, intended measurement constructs lacking
a clear definition (eg, general “pain” vs precise “knee
pain intensity”),>!1?242 variable utility of questions within
a single construct,®® and the inconvenience of completing
multiple PROMs.2® Thus, PROMs are often utilized inap-
propriately, with researchers and clinical practitioners
seeking to evaluate a construct or identify an outcome
measure outside of the intended purposes of the scale
employed.'11%26 For example, the IKDC subjective form
was initially developed to assess and compare generalized
perceptions of knee function across multiple different knee
pathologies.?* However, it has been adopted by clinicians
and researchers for specific evaluation of ACLR outcomes
and successful RTS.1-3:27:40

It may therefore be beneficial to investigate future
development of more ACLR-relevant PROMs with specific
domain and construct items to inform clinical decision-
making. To initiate this pathway toward the development
of more effective and relevant ACLR-related PROMs, con-
sideration of best-practice psychometric scale development
methods is warranted.® The first steps include generating
new, or selecting from previously developed, domain- and
construct-specific items that exhibit good-to-exceptional
content utility. This is often performed by having experts
and patients in each content area select individual items
from current PROMs that they deem as most “important”;
if no items exist, new items are then generated.

Given the limited research examining the relevance of
PROMs to ACLR-related stakeholders, the purpose of
this study was to identify PROM items that patients with
ACLR and multidisciplinary practitioners (surgeons,
researchers, etc) perceive as having the greatest value.
Specifically, we sought to determine item-level content
utility, construct relevance, and appropriate timing of
assessment in ACL PROMs.

METHODS

Overall Approach

The current project employed a 2-phase, cross-sectional,
mixed-methods study design to explore ACL, PROM con-
struct and item-level utility. The study protocol was con-
sidered exempt from institutional review board approval,
and all study participants provided written informed
consent.
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TABLE 1
Sample Demographic Characteristics of Participants
in Phase 1 of the Study (n = 48)*

Characteristic Value

Practitioners (n = 21)

Age, y 46.32 + 10.48
Female sex, % 29
Occupation
Physical therapist 8
Surgeon 7
Researcher 5
Athletic trainer 1
Experience in current occupation, y 19.14 + 10.71
Patients (n = 27)
Age, y 27.44 = 9.17
Female sex, % 69
Time since ACL injury, mo 8 (1-240)
Stage of recovery
After RTS 13
Before RTS 13
Preoperatively 1

“Data are reported as mean *+ SD, median (range), or n. ACL,
anterior cruciate ligament; RTS, return to sport.

Phase 1 Approach

Participants. In phase 1, we recruited a diverse sample
of stakeholders involved in the measurement and interpre-
tation of PROMs. Stakeholders included practitioners such
as surgeons, athletic trainers, physical therapists, and
researchers (n = 21), as well as patients with ACLR (n =
27) (Table 1). Stakeholders were recruited through word
of mouth from our networks and clinical practices.
Although the sample size required for usability testing is
often debated, it is recommended that data from 3 to 20
participants is adequate.!*2®

PROMSs Used. Given the validity evidence of the various
ACL PROMs, the substantial overlap, and the desire to
extend previous methods performed for the IKDC and
KO0O08S,2138 we evaluated all items from the KNEES-ACL,
ACL-RSI, and Donor-Site-Related Scale that covered the
following 8 constructs: (1) physical function in activities
of daily living (ADL), (2) physical function in sport, (3) sta-
bility/fatigue, (4) symptoms, (5) pain, (6) donor site issues,
(7) psychological readiness, and (8) psychological burden.
The 8 constructs were selected based on various reviews
of the diverse factors that may affect recovery after
ACLR.»2813:16.193237 We 4id not use the KOOS or IKDC
due to suboptimal content validity,!'*??>4? indicating
that their scale items do not adequately capture all of the
dimensions of the intended construct being evalu-
ated.>3>*? Further, the IKDC was developed without
patient input,'>?3% thus failing to consider the complex
biopsychosocial factors that influence how items are inter-
preted by patients with ACLR. In contrast to the IKDC
and KOOS, the KNEES-ACL has good content validity,
but it exists only in Danish and has not been properly
translated into other languages for more widespread
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adoption.'®1%22 A translated version of the KNEES-ACL
was provided by the originators, who had planned a con-
struct validation project with researchers/physicians from
Boston University (M. Krogsgaard, personal communica-
tion, December 15, 2021). The Donor-Site-Related Scale
also exhibits adequate content validity, but it is limited to
the sole evaluation of donor-site-related functional problems
after ACLR.*'° In a 2019 study, evaluation of “psychological
readiness” via the ACL-RSI showed promise as a meaningful
and important construct in younger patients with ACLR
given its high sensitivity, albeit with low specificity, in pre-
dicting secondary injury.3°

A list of all included PROM items is shown in Appendix
Table Al.

PROM Items. The goal of phase 1 was to identify specific
PROM items that the stakeholders found had the greatest
utility for the recovery process. To accomplish this goal, we
had stakeholders select the top 2 PROM items within each
construct. Practitioners were asked to consider the utility
assessment at the preoperative, RTS, and 2-year postoper-
ative timepoints. Patients completed the utility assess-
ment only for their timepoint in the postoperative
recovery process.

Specifically, for each of the 8 constructs, the stakehold-
ers answered the question “Information from which two
items below would be of greatest utility when determining
their (patient) potential for success?” and the patients with
an ACL injury answered the question “Which two ques-
tions would be most important to measure to help with
your recovery process?” Participants selected only 2 items
from each construct, as this approach has been shown to
align more closely with how people make decisions/value
judgments.?° In addition, this assessment design was
chosen given the unidimensionality of the constructs and
to mimic how one could reduce items using a user-
centered/informed approach as opposed to standard
statistical-based psychometric approaches such as item
response theory.2536

Statistical Analysis. We calculated the proportion of
participants who rated each item within the top 2 to deter-
mine which items within each construct had the highest
utility. Given the descriptive and exploratory nature of
this initial analysis, further statistical analysis or compar-
ison tests were not performed.

Phase 2 Approach

Participants. Phase 2 stakeholders were experienced
researchers and clinical practitioners who participated in
the 2022 ACL Injury Research Retreat held March 17
and 19, 2022, in High Point, North Carolina, USA. See
Table 2 for sample demographics.

Evaluation. The goal of phase 2 was to further identify
specific PROM items that the phase 2 stakeholders (inclu-
sive of all participant occupations listed in Table 2) found
of greatest utility for the recovery process. Only the top 2
items with greatest utility from the phase 1 stakeholder
assessments were selected for further evaluation in
a head-to-head quantitative approach.
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TABLE 2
Demographic Characteristics of Participants
in Phase 2 of the Study (n = 29)*

Characteristic Value
Occupation
Researcher 9
Physical therapist 6
Athletic trainer 6
Physical therapist/researcher 3
Athletic trainer/researcher 3
Research consultant 1
Athlete/researcher 1
Female sex, % 48
Age, y 33.82 + 8.77
Experience in current occupation, y 8.87 + 7.93
Uses PROMs for ACL injury
(never/sometimes/often), %
Research outcome measurement 14/17/69
Progress assessment 21/21/59
RTS decisions 17/24/59

“Data are reported as mean *= SD or n. ACL, anterior cruciate
ligament; PROMs, patient-reported outcome measures; RTS,
return to sport.

All phase 2 participants again evaluated the utility of
the various PROM items identified in phase 1, but this
time they rated the usefulness of each item on a 5-point
Likert scale that varied from “not at all useful” to
“extremely useful” to compare each item across all con-
structs. In addition to the utility assessment, participants
also rated the importance of the various general constructs
and when they should be measured: preoperatively, at 3
months postoperatively, at 6 months postoperatively, at
RTS testing, or at 2 years postoperatively. Two open-
response questions were also used to solicit new items for
patient recovery progress and RTS readiness: “If you could
only ask one question to track the patient’s recovery prog-
ress, what would it be?” and “If you could only ask one
question to determine if they are ready to return to sport,
what would it be?”

Statistical Analysis. Given the descriptive and explor-
atory goals, Likert rating and assessment timing data
were aggregated into proportions and reported. Open
responses were coded independently by 2 researchers
(E.J.P. and A.-I.M.) then synthesized and aggregated.

RESULTS

Phase 1

Overall, there was substantial item-level variability
regarding utility within each construct (Figure 1). For
example, in the psychological burden construct, the item
“It has been frustrating not to be able to participate in lei-
sure activities because of my knee problems” was included
in the top 2 most useful items by 43% of practitioners and
42% of patients. In contrast, the item “It has been stressful
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to perform my job well because of my knee problems” was
included in the top 2 by only 6% of practitioners and 2% of
patients. Overall, the items selected as having the greatest
utility within each construct were similar between practi-
tioners and patients and also consistent across the various
timepoints by practitioners. Specifically, items that were
included in the top 2 were nearly identical between the
practitioners and patients for all constructs except the con-
struct of physical function in sport. Here, the items that
were selected as having the most utility for the practi-
tioners were “I have had difficulty stopping quickly when
I run” and “I have had to lower my expectations regarding
how much I can play sports.” Meanwhile, the patients most
frequently selected “I have been more careful than usual
when I play sports” and “I have had problems playing
sports as much as I like to.” Overall, there seemed to be
a small number of items within each construct that were
perceived as having high utility.

Phase 2

The construct of psychological burden was rated as
extremely important by 59% of respondents, followed by
physical function (both ADL and sport; 54%), symptoms
(835%), and finally donor site issues (10%) (Figure 2). The
times at which assessment of psychological burden was
deemed absolutely necessary were 6 months postopera-
tively (89%) and at RTS (83%) (Figure 3). Item-level anal-
ysis revealed that most items across the various constructs
were found to be “very useful” and “extremely useful,” with
psychological burden items, on average, being rated high-
est (Figure 4). Open response data converged with the Lik-
ert rating data, indicating that confidence, trust, and
comparison with preinjury state were among the most
important questions to ask if participants were limited to
a single question (Table 3).

DISCUSSION

In phase 1 of our analyses, we found that constructs and
items relating to psychological factors and perceived func-
tion consistently received the highest ratings in both
patient and multidisciplinary practitioner groups. In phase
2, we identified the most useful items across various con-
structs that are commonly wutilized ACL PROMs
(KNEES-ACL, ACL-RSI, and Donor-Site-Related Scale)
utilizing similar methodology to existing ACLR litera-
ture.?1® We also discovered that the constructs of psycho-
logical burden and physical function were rated as the
most important to stakeholders, and items relating to con-
fidence, trust, and comparison with preinjury state were
considered among the most important questions to ask.
In addition to psychometric testing of PROMs (eg, validity,
reliability), user insights into the utility of specific items
should be captured to ensure the scales are efficient, effec-
tive, and ultimately provide relevant and useful informa-
tion that will guide clinical decision-making. The present
study adds to existing literature by considering both
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| have had problems running

I have had problems squatting =

| have had problems going down stairs =

I have had problems walking on uneven ground,for example in the woods =
| have had problems walking on level ground =

I have had problems crawling on my hands and knees

I have had problems kneeling to pick something up =

I have had problems riding a bike =

| have had difficulty stopping quickly when | run =

| have been more careful than usual when | play sports =

I have had to lower my expectations regarding how much | can play sports =

I have had difficulty landing when I've jumped =

| have had problems playing sports as much as | like to =

I have had difficulty changing direction when | run =

I have problems giving it my all when | have played sports

| feel isolated from the people | used to play sports with before | was injured =
I have had trouble jumping

| don't feel | can compete as much as I'd like =

I have had a tendency to protect my injured knee =

I'have felt | could not control my knee when | move =

During knee exercises, | get tired more quickly in my injured leg .}
compared to my good leg

During knee exercises, | have a hard time keeping my balance =
| have overburdened my good knee =

I have had a limp feeling in my knee when | move around =

During knee exercises, my leg shakes =

| have felt like | couldn't trust my knee when | move =

I have had to think about my knee when | move around =

My knee has felt loose when | move around =

I have felt my knee is unstable because my muscles aren't strong enough =

| have had pain in my knee after knee exercises =

It hurts when [ twist on my knee =

It hurts when | jump =

It hurts when | walk up stairs =

I have had knee pain after | have taken a long walk =

I have had pain in my knee when | sit with my knees bent =

It hurts when | walk on uneven ground, for example in the woods =

PROM Item

Do you have weakness in the knee =

Do you have pain in front of the knee =

Do you have wasting/atrophy of the quadricpes =

Do you have difficulty going up or down stairs =

Do you have pain at donor site =

Do you have kneeling pain at donor site =

Does prolonged sitting with the knee bent cause pain
Do you have numbness 5

Are you satisfied with the way your incision looks =

Are you fearful of reinjuring your knee by playing your sport =

Are you confident that you can perform at your previous level of sport participation
Are you confident that you could play your sport without concern for your knee =

Do you think you are likely to reinjure your knee by participating in your sport =

Are you nervous about playing your sport =

Do you find it frustrating to have to consider your knee with respect to your sport

It has been frustrating not to be able to participate in leisure activities
because of my knee problems

It has been stressful not knowing when my knee would be well again
It has stressful just trying to get through the day because of my knee problems =

It has been stressful to meet the demands of my family life
because of my knee problems

It has been stressful to perform my job well because of my knee problems =
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Figure 1. Stacked bar chart with percentage of respondents that selected each PROM item as one of their top 2 items of greatest
utility for each construct. Patient data were acquired for only 1 timepoint, specifically the timepoint that best aligned with the
respective patient’s current postoperative recovery stage. Preoperative data were not collected from practitioners for the con-
structs of donor site issues or psychological readiness, as these 2 constructs would have limited relevance. ADL, activities of daily
living; postop, postoperative; preop, preoperative; PROMs, patient-reported outcome measures; RTS, return to sport.

patient and clinician/researcher insights into the relative
importance of individual PROM items across multiple con-
structs regarding recovery and RTS after ACLR.

A previous study assessing item-level content validity
found only 2 items (out of 18) from the IKDC subjective
form and 1 item from the KOOS (out of 42) achieved
even “moderately important” ratings (mean importance
rating, >3).26 Further, a separate study of 126 postopera-
tive patients with ACLR found only 3 of 18 IKDC

subjective form items and 5 of 42 KOOS items rated at
least “moderately important” in the <12 month postopera-
tive period. However, no items in either the IKDC subjec-
tive form or KOOS achieved a mean importance rating of
“moderately important” in the period >12 months postop-
eratively or when the sample was considered as a whole.?!
These data indicate that most items in the IKDC subjective
form and KOOS are considered of little or no utility for
evaluating constructs or outcomes important for patients
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Figure 2. Proportion of responses of importance ratings for various PROM constructs. PROM, patient-reported outcome
measure.
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Figure 3. Proportion of responses for when it would be necessary to assess the 4 PRO constructs. ADL, activities of daily living;
postop, postoperative; preop, preoperative; PRO, patient-reported outcome; RTS, return to sport.

with ACLR. Despite this limitation, the study did find that

must be taken into account by multidisciplinary clinical
patients deemed the quality-of-life subscale most impor-

and research experts to appreciate the patient experience

tant in the KOOS.2! Similar to the findings in the current
study, these previous data showed that psychological bur-
den and fear of reinjury, as assessed in various instru-
ments, were rated by patients as most important (despite
not being assessed specifically in either the IKDC subjec-
tive form or the KOOS).2® These psychologically related
constructs deemed important by patients with ACLR

and align key factors influencing rehabilitation and RTS
after ACLR.

Many ACL PROM scales suggest unidimensionality yet
require participants to fill out lengthy scales. For example,
even in the short version of the ACL-RSI, there are still 6
items to assess a single underlying construct (psychological
readiness), which is redundant and adds participant
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Are you confident that you can perform at your previous
level of sport participation

93%

Do you think you are likely to reinjure your knee
by participating in your sport

89%

.

It has been stressful not knowing when my knee would be well again

| have had to lower my expectations regarding how |
much | can play sports

Ueping [89B0I0GoRSd

| 74%

It has been frustrating not to be able to participate in
leisure activities because of my knee problems

| 69%

I have had difficulty stopping quickly when | run

86%

| have had problems playing sports as much as | like to

| have had difficulty landing when I've jumped

79%

| have been more careful than usual when | play sports |

76%

Do you have weakness in the knee

Do you have difficulty going up or down stairs

onoun eoiskud

69%

sl

69%

| have had problems squatting

PROM Item

Do you have wasting/atrophy of the quadriceps

| 57%

| have felt like | couldn't trust my knee when | move

I have had problems running

| have had to think about my knee when | move around

76%

My knee has felt loose when | move around

swoydwAsg

6%

| have felt | could not control my knee when | move

69%

| have had a tendency to protect my injured knee

69%

During knee exercises, | get tired more quickly |
in my injured leg compared to my good leg

onbpey/ucers | |

| 64%

It hurts when | jump

| 2%

| have had pain in my knee after knee exercises

| 69%

It hurts when | twist on my knee |

l 64%

uied

Do you have pain in the front of the knee |

| 62%

| have had pain in my knee when | sit with my knees bent |
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Figure 4. Usefulness proportions across various items and constructs. Percentages shown indicate combined proportion of
“very useful’”” and “‘extremely useful” ratings for each item (light blue + dark blue shadings). PROM, patient-reported outcome

measure.

burden. With the increasing popularity of adaptive testing
through item response theory analysis, it is plausible to
reduce the number of items per construct.!”®2° Qur
data suggest that even within a “unidimensional” con-
struct (eg, function), all items are not perceived as equally
useful. As some items have been found to be more relevant
than others, minimizing redundancy while focusing on
items with the greatest relevance can optimize the utiliza-
tion of PROMSs.38 Indeed, in the present study, there was
similarity between practitioners and patients with ACL
injury when rating which items are most relevant for
ACLR recovery outcomes. Namely, constructs relating to
psychological factors and perceived function and items
within these constructs consistently received the highest
ratings in both groups. This finding may be particularly
important in selecting the constructs and items within
each construct that should be asked postoperatively to
streamline and optimize PROM collection after ACLR.

A key finding in this study was that psychological bur-
den constructs and items within this construct were rated
as very important and the most useful for monitoring
patient recovery after ACLR across stakeholders. This is
consistent with recent guidelines and expert consensus
recognizing recovery from ACLR as a complex process
and advocating for the inclusion of assessments of psycho-
logical readiness in RTS.3! There is a growing body of evi-
dence demonstrating the utility of psychologically driven
scales such as the ACL-RSI in evaluating readiness for
RTS and risk of secondary injury.?®3* However, moderate
patient-level responsiveness indicates the ACL-RSI may
not be optimized for isolating meaningful, construct-
specific changes that are independent from other con-
founding factors (eg, time).'®3° In the present study, the
construct of psychological burden was identified by 59%
of respondents as the most important construct to assess
to guide treatment decisions after ACL injury. Our open-
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TABLE 3
Synthesized Responses to the 2 Open-Ended Questions Regarding Tracking Recovery and Assessing RTS®

Construct/Theme Example Question Combined Count
Confidence Do you feel confident to return to your sports? 8
Preinjury comparison Why do you feel you are ready to return to sport at the same level as before your 7
injury?
Trust Do you trust your knee? 4
Previous visit comparison Do you feel better than last time? 3
Normality On a scale of 0 to 100, how would you rate your knee’s function, with 100 being 3
normal?
Thinking about knee Are you able to perform sports activities without thinking about your knee? 3
Comfort during activity Do you feel comfortable doing any sort of physical activity at any intensity? 2
Recovery process/activities Describe what you think is going well and what is not going well in your recovery 2
after your knee surgery. What are your current goals, and do you have any
current barrier to achieving those goals?
Activity modification Have you modified your activities since your ACL reconstruction? What are you 2
currently doing to protect your knees from future injuries?
Symptoms Are you experiencing any knee symptoms? 1
Fear of reinjury Do you fear reinjury or completing any sport-specific movements? 1
Limited function Do you feel limited in any way with your knee function? 1

“ACL, anterior cruciate ligament; RTS, return to sport.

response and Likert rating results both showed that confi-
dence and comparison with preinjury state were rated
highest. Specifically, the question “Are you confident that
you can perform at your previous level of sport participa-
tion?” was found to be the single most useful item by
both patients and practitioners.

In a previous study on patients who had undergone
ACLR, the same confidence question was also found to be
of highest relevance to the patient.?® Patients who experi-
ence fear and uncertainty during ACLR recovery report
lower scores on ACL PROMs, and it was concluded that
it is important for clinicians to address barriers (eg, avoid-
ance, fear) and facilitators (eg, confidence, social support)
to provide better patient care.” There is growing evidence
that psychological, social, and contextual factors influence
all stages of recovery after sport-related knee injury,?” and
identification of these factors as well as mitigation strate-
gies to address them may improve postoperative recovery
and RTS after ACLR. The present study expanded upon
the current literature,”®'36 identifying the importance of
assessing psychological factors in addition to perceptions
of physical function after ACLR, warranting further optimi-
zation for how these constructs are evaluated empirically.

Currently, it is not well established at which timepoints
and how frequently PROMs should be assessed after
ACLR. The present study uniquely identified the useful-
ness of specific constructs based on assessment time. Of
the 5 constructs, 4 (physical function in ADL, physical
function in sport, symptoms, and psychological burden)
were rated by most stakeholders to be absolutely necessary
to evaluate treatment progress and RTS readiness at the 6-
month postoperative timepoint and at RTS. A recent
modified-Delphi expert consensus group recommended
minimum 2-year follow-up for comprehensive assessment
after ACLR to include reports of adverse events, clinical
measurements of knee function and structure, PROMs,

patient activity level, and incidence of secondary injury.®®
A minimum 2-year follow-up period was recommended,
as the 1 to 2 year period was seen as the interval of highest
risk for ACL rerupture and revision surgery.®® Regarding
PROMs, the consensus group recommended inclusion of
at least 1 knee-specific outcome tool, 1 activity rating scale,
and 1 measure of health-related quality of life.?® In this
consensus, it was also determined that the IKDC subjec-
tive form is the recommended knee-related outcome mea-
sure for ACL injury and treatment.®®

To our knowledge, there is no existing standard for the
most appropriate intervals of assessment; however, the
modified-Delphi consensus recommended assessment in
the early, middle, and end stages of rehabilitation.?® Com-
mon intervals in the literature include evaluations at pre-
operative and 3- to 4-, 6-, 12-, and 24-month timepoints. It
was also recommended that any medium- to long-term out-
comes (>5 years) include assessment of measures of
posttraumatic osteoarthritis, given the burden that this
places on both the patient and the medical system.>® Based
on our current findings, we propose that optimal timing of
PROM assessment may be domain/construct-specific and
evolving over time.

Optimizing PROMs in ACLR requires assessment of the
most valid, reliable, and important data for patients under-
going ACLR.?® It is important to determine construct and
item utility because the inclusion of irrelevant items can
lead to skewed outcome scores that can be misinterpreted
by clinicians and researchers.!*>*2 The current study
lays a foundation to determine which PROM items are
seen as most valuable by both patients and multidisciplin-
ary practitioners (inclusive of researchers, athletic train-
ers, surgeons, and more). In assessing outcomes through
PROMs, the concept of “responder burden” is of significant
concern. The study findings suggest that responder burden
may be minimized by assessing targeted PROMs and
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condition-specific outcomes at time intervals of greatest
relevance. For instance, donor site-related issues were
found to have the most importance at the 3-month postop-
erative interval and can be assessed at that timepoint,
when they are most likely to affect patient care. Further
studies may continue to optimize unidimensionality within
constructs and minimize redundancy within future tools
while maintaining acceptable content validity. Further,
as our knowledge base grows there is likely a role for con-
structing computer-based PROM tools using item response
theory.® Utilizing item response theory, more dynamic
patient- and condition-specific measures may be developed
integrating patient data to provide assessments most rele-
vant to the person while still capturing valid constructs of
interest. As such, further research is needed to fully appre-
ciate the psychometric properties across various items and
assess PROMs across sex differences, sport type and level
of competition, graft type, injury mechanism, and other
variables of interest to identify meaningful outcomes and
individualize targeted interventions for patient care.

Limitations

The current study has several limitations that should be
considered relative to the interpretation of the results.
We did not obtain feedback from any patients who sus-
tained an ACL injury under the age of 18 years. Future
work should include this age demographic when soliciting
feedback on outcome measurement instruments given the
high ACLR revision rates in this group.®?* In addition,
we did not collect other demographic information such as
race or socioeconomic status that may influence results.
To determine the optimal timing of PROM -collection,
future studies should use larger sample sizes across
a more diverse yet consistent set of timepoints. We also
evaluated various constructs that have been used exten-
sively in research and clinical domains, but future work
may consider evaluating other potentially relevant psy-
cho-social-contextual constructs that may influence the
recovery process (eg, support, motivation, avoidance
behaviors, autonomy, anxiety, etc).51316:32:37.41

CONCLUSION

Overall, ACL-related stakeholders deemed various items
related to psychological burden and higher intensity phys-
ical function to be most useful to assess during the ACL
injury recovery process. More specifically, items assessing
confidence in performance and fear of reinjury were rated
highest. In addition, stakeholders felt that measuring the
various PROM constructs was most necessary at 6 months
and at RTS testing. Focused efforts toward items deemed
most useful could lead to the development of PROMs that
are less burdensome for patients, while also clinically
meaningful to practitioners, to enhance the rehabilitation
process after ACL injury.
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APPENDIX TABLE Al
Included PROM Items by Construct®

Physical function in ADL

I have had problems running
I have had problems squatting
I have had problems going down stairs

I have had problems walking on uneven ground, for example in the woods

I have had problems walking on level ground

I have had problems crawling on my hands and knees
I have had problems kneeling to pick something up

I have had problems riding a bike

Physical function in sport

I have had difficulty stopping quickly when I run
I have been more careful than usual when I play sports

I have had to lower my expectations regarding how much I can play sports

I have had difficulty landing when I've jumped

I have had problems playing sports as much as I like to

I have had difficulty changing direction when I run

I have problems giving it my all when I have played sports

I feel isolated from the people I used to play sports with before I was injured

I have had trouble jumping
I don’t feel I can compete as much as I'd like

Stability/fatigue

I have had a tendency to protect my injured knee
I have felt I could not control my knee when I move

During knee exercises, I get tired more quickly in my injured leg compared to my good leg

During knee exercises, I have a hard time keeping my balance
I have overburdened my good knee

I have had a limp feeling in my knee when I move around
During knee exercises, my leg shakes

Symptoms

I have felt like I couldn’t trust my knee when I move
I have had to think about my knee when I move around
My knee has felt loose when I move around

I have felt my knee is unstable because my muscles aren’t strong enough

(Continued)
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APPENDIX TABLE A1l
(continued)

Pain
I have had pain in my knee after knee exercises
It hurts when I twist on my knee
It hurts when I jump
It hurts when I walk up stairs
I have had knee pain after I have taken a long walk
I have had pain in my knee when I sit with my knees bent
It hurts when I walk on uneven ground, for example in the woods
Donor site issues
Do you have weakness in the knee
Do you have pain in front of the knee
Do you have wasting/atrophy of the quadriceps
Do you have difficulty going up or down stairs
Do you have pain at donor site
Do you have kneeling pain at donor site
Does prolonged sitting with the knee bent cause pain
Do you have numbness
Are you satisfied with the way your incision looks
Psychological readiness
Are you fearful of reinjuring your knee by playing your sport
Are you confident that you can perform at your previous level of sport participation
Are you confident that you could play your sport without concern for your knee
Do you think you are likely to reinjure your knee by participating in your sport
Are you nervous about playing your sport
Do you find it frustrating to have to consider your knee with respect to your sport
Psychological burden
It has been frustrating not to be able to participate in leisure activities because of my knee problems
It has been stressful not knowing when my knee would be well again
It has been stressful just trying to get through the day because of my knee problems
It has been stressful to meet the demands of my family life because of my knee problems
It has been stressful to perform my job well because of my knee problems

“ADL, activities of daily living; PROM, patient-reported outcome measure.



