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Background

The Knee Osteoarthritis Outcome Score for Joint Replacement (KOOS-JR) is a seven-item
patient reported outcome measure used to assess perceived knee health. Though
commonly used, the longitudinal psychometric properties of the KOOS-JR have not been
established and further characterization of its structural validity and multi-group
invariance properties is warranted.

Purpose

The purpose of this study was to evaluate psychometric properties of the KOOS-JR in a
large sample of patients who received care for knee pathology.

Study Design

Original research.

Methods

Longitudinal data extracted from the Surgical Outcome System (SOS) database of 13,470
knee pathology patients who completed the KOOS-JR at baseline, three-months, six-
months, and one-year. Scale structure was assessed with confirmatory factor analysis
(CFA), while multi-group and longitudinal invariance properties were assessed with
CFA-based procedures. Latent group means were compared with statistical significance
set at o € .05 and Cohen’s d effect size as d = 0.2 (small), d = 0.5 (medium), and d = 0.8

(large).
Results

CFA results exceeded goodness-of-fit indices at all timepoints. Multi-group invariance
properties passed test requirements. Longitudinal analysis identified a biased item
resulting in removal of item #1; the retained six-item model (KOOS-JR-6) passed
longitudinal invariance requirements. KOOS-JR-6 scores significantly changed over time
(p €.001, Mdiff = 1.08, Cohen’s d = 0.57): the highest scores were at baseline examination
and the lowest at 12-month assessment.

Conclusions

The KOOS-JR can be used to assess baseline differences between males and females,
middle and older aged adults, and patients receiving total knee arthroplasty or
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non-operative care. Caution is warranted if the KOOS-]JR is used longitudinally due to
potential measurement error associated with item #1. The KOOS-JR-6 may be a more
viable option to assess change over time; however, more research is warranted.

Level of Evidence

3
© The Author(s)

INTRODUCTION

Osteoarthritis (OA) is a debilitating disease that causes ac-
tivity limitations for an estimated 14 million Americans.!:2
Most individuals suffering from OA are over the age of 65,
and a substantial portion (~three million) are racial or eth-
nic minorities.!»2 Those who suffer from OA experience di-
minished quality of life (QOL)% and often need to undergo
total knee replacement (TKR)!; many may also suffer from
the development of depressive symptoms3 and cardiovas-
cular disease.* Therefore, understanding the patient’s per-
ception of their OA treatment is essential to providing qual-
ity care for these individuals, while also allowing providers
to better support a patient’s health status and QOL.

One method for gaining insight into the OA patient ex-
perience is the use of patient-reported outcome measures
(PROMs). PROMs are often used to assess the patients’
perspective of their QOL, pain, symptoms, or functional
status,>® which can then be used by clinicians to inform
patient care.®8 Though the implementation of PROMs to
guide care for OA has been recommended, providers must
carefully select PROMs with sound psychometric properties
to effectively measure the patient experience or assess
treatment effectiveness. A specific PROM developed for pa-
tients with OA or those who have had a TKR is the Knee
Injury and Osteoarthritis Outcome Score for Joint Replace-
ment (KOOS-JR). The KOOS-JR is a seven-item short form
developed from the 42-item Knee Injury and Osteoarthritis
Outcome Score (KOOS) to reduce patient response burden
and improve implementation with OA patients in clinical
practice.9-11

Numerous studies have been performed to validate the
KOOS-JR and there has been growing support to extend
the use of the KOOS-JR in clinical and academic settings.!2
Initial work has identified moderate (0.46)!3 to preferred
(0.84)7 internal consistency, while construct validity was
established by correlating the KOOS-JR to the KOOS Pain
(Spearman’s correlation coefficient 0.89) and KOOS Activ-
ities of Daily Living (Spearman’s correlation coefficient
0.90) subscales.12 A recent study utilizing confirmatory fac-
tor analysis (CFA) procedures found acceptable structural
validity (CFI = 0.976, TLI = 0.964, IFI = 0.976, RMSEA =
0.06714; and invariant multi-group solutions, indicating
the KOOS-JR can be used to measure differences across
certain sub-groups (i.e., sex, older adults, intervention
groups).14 However, concerns with ceiling effects,!3 an in-
ability to detect differences between groups, !> validity con-
cerns when used in later stages of recovery,!3 and an inabil-
ity to assess outcomes in younger active patients!2 suggests
further assessment is needed. Another substantial concern
is the lack of longitudinal assessment (e.g., CFA at multiple

time points, longitudinal invariance testing) necessary for
establishing scale measurement properties to guide scale
use to assess group differences and patient recovery over
time.16-18

Further CFA assessment using responses from repeated
patient assessment would help to establish the latent struc-
ture and structural validity of the KOOS-JR across time,
while invariance (i.e., multi-group and longitudinal) testing
would ensure the instrument is valid across groups and
time for assessing group differences or change over
time.16-18 Specifically, performing CFAs across multiple ad-
ministrations would benefit clinicians and researchers by
confirming scale structural validity across repeated use to
address concerns that scale structure was biased by the
timing of scale administration.16-18 Multi-group invariance
testing would provide additional evidence that the items
and dimensions were being operationalized in a similar
fashion across sub-groups of the population (e.g., do males
and females interpret the items in a similar fashion), which
allows for substantive research questions regarding group
differences to be answered when using the scale.16-18 Fj-
nally, longitudinal invariance testing establishes if the
items and latent constructs are adequately measured (i.e.,
the items and constructs being operationalized similarly)
across repeated testing to ensure participant response
change is not a byproduct of item bias or measurement er-
ror, which allows the KOOS-JR to be used to assess per-
ceived knee health at various stages throughout the injury
recovery process.16-18

While the KOOS-JR is widely used in research and clini-
cal practice, further assessment of the multigroup and lon-
gitudinal psychometric properties of the KOOS-JR is war-
ranted to conduct these additional analyses to further
establish KOOS-JR measurement properties.!>-19 There-
fore, the purpose of this study was to evaluate psychometric
properties of the KOOS-JR in a large sample of patients who
received care for knee pathology. This occurred in three
steps: (1) perform CFAs in a large and diverse patient pop-
ulation to further evaluate the structural validity of the
KOOS-JR across multiple assessments; (2) conduct multi-
group invariance testing to confirm the validity of the
KOOS-JR in specific sub-groups; and (3) perform longitudi-
nal invariance testing to establish the longitudinal proper-
ties of the KOOS-JR for use across time to assess if the scale
can be used to measure improvement across repeated mea-
sures.
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METHODS
DATA SOURCE

The Surgical Outcome System?20 is an international dei-
dentified patient-reported outcome database that adheres
to the Health Insurance Portability and Accountability Act
(HIPPA) and has already received IRB approval. The SOS al-
lows for retrospective analysis of the collected data from
patients who provide informed consent for data use. The
University Institutional Review Board (IRB) indicated IRB
approval was not required as the deidentified dataset was
not considered human-subject research; IRB approval was
granted from the Cedar-Sinai Office of Research Compli-
ance and Quality Improvement as part of a larger research
project utilizing SOS data. The dataset used included
KOOS-JR responses at four time points: 1) baseline, prior to
receiving care (i.e., knee arthroplasty, non-operative care),
2) three-months post-intervention, 3) six-months post-in-
tervention, and 4) one-year post-intervention.

INSTRUMENTATION

The KOOS-JR? is comprised of seven items to assess stiff-
ness, pain, and function of the knee [9]. Patients respond to
items using a 5-point Likert scale (none = 0, mild = 1, mod-
erate = 2, severe = 3, extreme = 4). The KOOS-JR is scored by
summing the raw scores (0-28); higher scores correspond
to worse knee health (i.e., 0 = “perfect knee health”; 28 =
“total knee disability”). KOOS-JR scores may also be con-
verted to an interval score (0-100), where a converted in-
terval score of 100 represents “perfect knee health” while
a score of 0 represents “total knee disability”.? Raw scores
(i.e., Likert scale responses) and the 0-28 scale were used
for the purposes of this study.

STATISTICAL ANALYSIS

All data and demographic information were extracted from
the SOS database in Excel and uploaded to the Statistical
Package for Social Sciences (IBM SPSS Statistics for Win-
dows, Version 27.0. Armonk, NY: IBM Corp) and Analysis of
Moment Structure (AMOS, SPSS, Inc.) Version 27 for data
analysis. Individuals with incomplete KOOS-JR responses
at baseline evaluation were removed from the dataset; how-
ever, responses from individuals missing only demographic
information were retained for analysis. Individuals who did
not respond to the KOOS-JR at all time points were used for
initial analysis but were excluded from longitudinal analy-
ses. The dataset was then assessed for outliers across all
time points: univariate and multivariate outliers were as-
sessed using z-scores (*3.3) and Mahalanobis distance
(cases with a p < 0.001 according to the Chi-square test)
were removed from the dataset. Data normality was also
assessed using histograms and descriptive statistics (i.e.,
skewness and kurtosis values).

SCALE STRUCTURE

Scale structure of the KOOS-JR was assessed using AMOS
to conduct a CFA at each time point. The CFA was specified

as a unidimensional seven-item factor.!4 Model fit was as-
sessed with the following a priori criterial821,22: Compar-
ative Fit Index (CFI; > 0.95), Tucker-Lewis Index (TLI; >
0.95), Standardized Root Mean Square Residual (SRMR <
0.08), Root Mean Square Error of Approximation (RMSEA
<0.06), and Bollen’s Incremental Fit Index (IFI; >0.95).
Greater weight in assessment of model fit was given to CFI
and SRMR because those criteria are less susceptible to ef-
fects from the small degrees of freedom present when per-
forming CFA on the KOOS-JR.23 Model fit was also assessed
by considering localized areas of strain, as well as the inter-
pretability, size, and statistical significance of the model’s
parameter estimates (i.e., factor variances, covariances, and
indicator errors).!7

MULTI-GROUP INVARIANCE TESTING

Multi-group invariance testing was performed to assess
whether items were being interpreted equally across sub-
groups (i.e., age, sex, knee group) at the initial examination
(i.e., baseline exam; time point 1). Multi-group invariance
testing was completed across a multi-step process where
each step was progressively more restricted!8: configural
model (i.e., to assess equal factor structure), metric model
(i.e., to assess equal factor loadings), and scalar model (i.e.,
to assess equal loadings and intercepts). The CFI difference
test (CFly) and Chi-square difference test (%) were
used to assess invariance. Model fit was considered ade-
quate at each step if CFI 3¢ was < 0.01 when compared back
to the configural model. While the X2 was assessed with
each model, CFl ;¢ was given greater weight in assessing
model fit because of the sensitivity of deiff with large sam-
ple sizes.18:21 Thus, if a model exceeded the deiff test rec-
ommendation but passed the CFly; test, invariance test-
ing procedures continued. If the measurement properties
met the criteria, then substantive analyses (e.g., comparing
group latent means) were performed. Latent group means
were compared with statistical significance set at p < .05;
Cohen’s d effect sizes were calculated and evaluated using
the guidelines of d = 0.2 as a small effect size, d = 0.5 as a
medium effect size, and d = 0.8 as a large effect size.24

LONGITUDINAL INVARIANCE TESTING

Longitudinal invariance testing was also performed using
the analysis procedures outlined in the multi-group invari-
ance section; however, the analysis was now performed to
confirm similar interpretation of items and common factors
across time points for all participants. If all tested measure-
ment parameters (e.g., metric, intercepts) met the criteria,
the model was further tested to assess if substantive prop-
erties (e.g., change over time) could be evaluated, allowing
for assessment of KOOS-]JR scores over time (e.g., did scores
change from baseline to 12-months post-arthroplasty). La-
tent group means were compared with statistical signifi-
cance set at p < .05; Cohen’s d effect size was calculated and
evaluated using the guidelines of d = 0.2 as a small effect
size, d = 0.5 as a medium effect size, and d = 0.8 as a large
effect size.24
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Table 1. Demographics

Characteristics N %
Sex
Male 5,354 40.9
Female 7,189 54.9
Unknown 548 4.2
Age
<18 years 7 0.1
18-25 years 16 0.1
26-40 years 114 0.9
41-65 years 6933 53.0
66+ years 5728 43.8
Unknown 293 2.2
Knee Intervention Classification
Arthroplasty 11,268 86.1
Non-operative 1,823 13.9
Unknown 0 0.0
RESULTS (i.e., equal form) goodness-of-fit indices met recommended

Of the 13,470 cases, five had missing data and 374 were
flagged as univariate and multivariate outliers across all
time points. A total of 379 cases, which consisted of 295
(78.9%) arthroplasty knee group participants, 208 (58.6%)
females (mean age of 63.30 + 9.57 years), were removed
from the dataset, leaving 13,091 cases for analysis. The
mean age of the sample was 64.82 * 9.10 years (range =
12-89 years) with males accounting for 40.9% (n = 5,354)
and females accounting for 54.9% (n = 7,189) of the sample.
Additionally, most respondents (n = 11,268, 86.1%) were
classified in the knee arthroplasty intervention group. In
the knee arthroplasty group, 42.7% (n = 4,601) were males
and 57.3% (n = 6,171) were females; and 52.7% (n = 5,802)
were in the middle-aged adult group (i.e., 41-65 years) and
46.7% (n = 5,146) were in the older aged adult group (i.e.,
66+ years). A full participant demographic breakdown is
presented in Table 1.

SCALE STRUCTURE

A total of 13,091 participants completed the KOOS-JR at
baseline and were used for analysis. The baseline model
met goodness-of-fit indices (x2 (14) = 801.332; CFI = 0.970;
TLI = 0.954; IFI = 0.970; SRMR = 0.029; RMSEA = 0.066;
Table 2) as did the three-month model (CFI = 0.981; x2 (14)
= 587.407; TLI = 0.972; IFI = 0.981; SRMR = 0.026; RMSEA
= 0.056; Table 2), the six-month model (CFI = 0.986; x2 (14)
= 537.443; TLI = 0.979; IFI = 0.986; SRMR = 0.019; RMSEA
= 0.053; Table 2), and the one-year model (CFI = 0.984; x2
(14) = 757.884; TLI = 0.976; IFI = 0.984; SRMR = 0.020; RM-
SEA = 0.064; Table 2).

MULTI-GROUP INVARIANCE
AGE GROUP ANALYSIS
A total of 12,661 individuals reported their age (middle-

aged adults [41-65 years] n = 6,933; older adults [66+ years]
n = 5,728) and were used for analysis. The configural model

values (CFI = 0.969; x2 (28) = 791.22; RMSEA = 0.046; Table
3). The metric model (i.e., equal loadings) passed both the
X4isr test and the CFI g test, allowing for testing of the
equal latent variance model. The equal latent variance
model passed both the X2 test and the CFI i test, indi-
cating variances were equal across groups. The scalar model
(i.e., equal indicator intercepts) did not pass the deiff test
but passed the CFly; test. As the CFly;¢ test was weighted
more heavily, the equal means model was tested for sub-
stantive group differences. When means were not con-
strained to be equal, the CFI ;¢ was greater than 0.01, indi-
cating the differences in mean scores between groups was
statistically significant. Follow-up analyses indicated the
middle-aged adult group had significantly (p < .001) higher
scores (i.e., high “total knee disability”/low knee health) on
the KOOS-JR than the older adult group at baseline exami-
nation (My;g = 0.13, Cohen’s d = 0.23).

SEX GROUP ANALYSIS

A total of 12,543 individuals reported their sex (males n
= 5,354; females n = 7,189) and were used for analysis.
The mean age of males was 64.82 + 9.07 with 54.1% in
the middle-aged adult group and 44.7% in the older adult
age group. The mean age of females was 64.84 + 9.12 with
54.1% in the middle-aged adult group and 44.9% in the
older adult age group. The configural model (i.e., equal
form) goodness-of-fit indices met recommended values
(CFI = 0.970; X% (28) = 752.187; RMSEA = 0.045; Table 4).
The metric model (i.e., equal loadings) did not pass the
X24igr test, but passed the CFI ;¢ test, allowing for testing of
an equal latent variance model. The equal latent variance
model did not pass the X2y test, but passed the CFly
test, indicating variances were equal across groups (Table
4). The scalar model (i.e., equal indicator intercepts), did
not pass the x2 i test, but passed the CFI ;¢ test allowing
for testing of the equal latent means model. When means
were not constrained to be equal, the CFl;; was greater
than 0.01, indicating the differences in mean scores be-
tween groups was statistically significant. Follow-up analy-
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Table 2. Goodness-of-Fit Indices for KOOS-JR at Each Time Point

X2 dfa CFI TLI IFI SRMR RMSEA
Baseline (n=13091) 801.332 14 0.970 0.954 0.970 0.029 0.066
3 months (n=13091) 587.407 14 0.981 0.972 0.981 0.022 0.056
6 months (n = 13091) 537.443 14 0.986 0.979 0.986 0.019 0.053
12 months (n = 13091) 757.884 14 0.984 0.976 0.984 0.020 0.064

CFI= Confirmatory Factor Analysis, TLI= Tucker Lewis index, IFI= Bollen’s Incremental Fit Index, SRMR= Standardized Root Mean Square Residual, RMSEA= Root Mean Square Error
of Approximation

Table 3. Goodness-of-Fit Indices for Measurement Invariance Analyses Across Age Groups

2

X
X2 df difference CFI gi CFI TLI IFI SRMR RMSEA
ifference

(df)
Middle aged adults 444.623 14 b 0.969 b 0.954 0.969 0.290 0.067
(n=6,933)
?';jzeg)ad“'ts (n= 346.499 14 b 0.968 b 0.952 0.968 0.030 0.064
Configural (equal form) 791.22 28 b 0.969 b 0.953 0.969 0.029 0.046
Metric (equal loadings) 801.626 34 10.406 (6) 0.969 0.000 0.961 0.969 0.029 0.042
Equal factor variances 806.437 35 15.21(7) 0.968 0.001 0.962 0.968 0.030 0.042
Scalar (equal indicator 942.582 40 151.362(12) 0.963 0.006 0.961 0.963 0.029 0.042
intercepts)
Equal Means 1084.847 41 293.627(13) 0.957 0.012 0.956 0.957 0.029 0.045

a df = degrees of freedom

b Indicates the value is not calculated at this step.

¢ Indicates the model did not pass invariance criteria.

CFI= Confirmatory Factor Analysis, TLI= Tucker Lewis index, IFI= Bollen’s Incremental Fit Index, SRMR= Standardized Root Mean Square Residual, RMSEA= Root Mean Square Error
of Approximation

Bold indicates that x? difference criterion was exceeded.

Table 4. Goodness-of-Fit Indices for Measurement Invariance Analyses Across Sex

2
X
X2 Df2 difference CFI CFl TLI IFI SRMR RMSEA
difference
(df)
Males (n = 5,354) 299.847 14 b 0.974 b 0.962 0.974 0.027 0.062
Females (n = 7,189) 452.341 14 b 0.967 b 0.950 0.967 0.030 0.066
g)‘i:f')g“ra' (equal 752.187 28 b 0.970 b 0.955 0.970 0027 0.045
Metric (equal loadings) 772.936 34 20.749 (6) 0.970 0.000 0.963 0.970 0.028 0.042
Equal factor variances 778.196 35 26.009(7) 0.969 0.001 0.963 0.969 0.029 0.041
Scalar (equal indicator 936.819 40 184.632 0.963 0.007 0.961 0.963 0.028 0.042
intercepts) (12)
Equal Means 1131.552 41 379.365(13) 0.955 0.015 0.954 0.955 0.029 0.046

a df = degrees of freedom

b Indicates the value is not calculated at this step.

¢ Indicates the model did not pass invariance criteria.

CFI= Confirmatory Factor Analysis, TLI= Tucker Lewis index, IFI= Bollen’s Incremental Fit Index, SRMR= Standardized Root Mean Square Residual, RMSEA= Root Mean Square Error
of Approximation

Bold indicates that x? difference criterion was exceeded.

ses indicated the female group had significantly (p < .001) INTERVENTION GROUP ANALYSIS

higher scores (i.e., higher “total knee disability”/lower knee

health) on the KOOS-JR than the male group at baseline ex- Because the knee arthroplasty group included 86.1% of the

amination (My;s = 0.15, Cohen’s d = 0.27). total sample and invariance testing recommendations in-
clude having subgroups with a similar number of partic-
ipants in each group [16,18], a random subsample of the
knee arthroplasty group was selected. A total of 2,636 par-
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Table 5. Goodness-of-Fit Indices for Measurement Invariance Analyses Across Intervention Group

2

X

X2 df difference CFI diﬁgfe'nce TLI IFI SRMR RMSEA
(df)

Knee arthroplasty 105.924 14 b 0.973 b 0.959 0.973 0.029 0.069

(n=1,363)

Knee non-operative 84.779 14 b 0.976 b 0965 0977 0027 0063

(n=1,273)

Configural (equal form) 190.703 28 b 0.974 b 0.962 0.975 0.029 0.047

Metric (equal loadings) 218.248 34 27.545 (6) 0.971 0.003 0.964 0.971 0.032 0.045

Equal factor variances 335.489 35 144.786 (7) 0.970 0.004 0.964 0.970 0.038 0.045

Scalar (equal indicator 269.554 40 78.851(12) 0.964 0.010 0.962 0.964 0.033 0.047

intercepts)

Equal Means 484.382 41 293.679(13) 0.930 0.044 0.929 0.930 0.037 0.064

a df = degrees of freedom
b Indicates the value is not calculated at this step.
¢ Indicates the model did not pass invariance criteria.

CFI= Confirmatory Factor Analysis, TLI= Tucker Lewis index, IFI= Bollen’s Incremental Fit Index, SRMR= Standardized Root Mean Square Residual, RMSEA= Root Mean Square Error

of Approximation
Bold indicates that x? difference criterion was exceeded.

ticipants (i.e., knee arthroplasty n = 1,363; knee non-op-
erative n = 1,273) were used for analysis. The knee arthro-
plasty group was composed of 643 males (51.4%) and 608
females (48.6%) with 50.0% (n = 682) in the middle-aged
adult group (i.e., 44-65 years) and 50.0% (n = 681) in the
older adult group (i.e., 66+). The knee non-operative group
was composed of 627 males (51.4%) and 594 females
(48.6%), with 48.0% (n = 602) in the middle-aged adult
group and 46.4% (n = 582) in the older adults group.

The configural model (i.e., equal form) goodness-of-fit
indices met recommended values (CFI = 0.974; XZ 28) =
190.703; SRMR = 0.029; RMSEA = 0.047; Table 5). The met-
ric model (i.e., equal loadings) did not pass the deiff test,
but passed the CFI 4 test, which supports testing the equal
latent variance model. The equal latent variance model did
not pass the X2y test, but passed the CFly test, indi-
cating variances were equal between groups. The scalar
model (i.e., equal indicator intercepts) did not pass the
X4ir test but passed the CFly test which supports as-
sessing the equal latent means model. When means were
not constrained to be equal, the CFIy; criterion was ex-
ceeded, indicating the difference in means between groups
was statistically significant. Follow-up analyses found that
the knee arthroplasty group had significantly higher scores
(i.e., higher “total knee disability”/lower knee health) on
the KOOS-JR than the knee non-operative group at baseline
examination (My;¢ = 0.38, Cohen’s d = 0.60).

LONGITUDINAL INVARIANCE

A total of 13,091 participants completed the KOOS-JR at all
four time points and were used for analysis. The configural
model (i.e., equal form) goodness-of-fit indices met recom-
mended values (CFI = 0.984; x2 (302) = 3208.074; RMSEA
= 0.027; Table 6) indicating equal form across repeated as-
sessment. The metric model (i.e., equal loadings) did not
pass the x2 i test, but passed the CFI g test, warranting
analysis of an equal latent variance model. The equal la-
tent variance model did not pass the x% ;s test, but passed

the CFlI ;¢ test, indicating variances were equal across time.
The scalar model (i.e., equal indicator intercepts), exceeded
both the X2y test and CFly test, which prevents com-
parison of reported levels of the latent variable (i.e., “total
knee disability”) across repeated assessment and suggested
item-level bias across repeated use of the scale. Upon in-
spection of the model, item #1 was found to be the source
of non-invariance; when item #1 was not constrained to be
equal, the model passed the CFI; test. Therefore, item #1
(i.e., “How severe is your knee stiffness after first wakening
in the morning?”) was identified as a problematic item and
was removed; longitudinal invariance was retested with the
new structure (i.e., KOOS-JR-6).

The new configural model (KOOS-JR-6) met recom-
mended values (CFI = 0.986; x2 (210) = 2388.504; RMSEA =
0.028; Table 7). Both the metric and equal factor variances
models exceeded the x4 test but passed the CFI i test,
indicating variances were similar across time. The scalar
model exceeded the x2 i test, but passed the CFI i test,
allowing assessment of equal latent means. When means
were not constrained to be equal, the CFIy; test was ex-
ceeded, indicating means were significantly different across
time. Follow-up analyses found that at baseline, scores
were the highest (i.e., higher “total knee disability”/lower
knee health) and group means incrementally decreased
(i.e., improved) across time with the lowest group mean
scores (i.e., lowest “total knee disability”) being reported at
the 12-month assessment (My;¢ = 1.08, Cohen’s d = 0.57).

DISCUSSION

The purpose of this study was to assess the psychometric
properties of the KOOS-JR using a large and diverse longi-
tudinal sample of patient responses. Using maximum likeli-
hood CFA, we assessed the structural validity of the KOOS-
JR and conducted invariance analysis across groups and
time in a large sample of patients who sought care for var-
ious knee pathologies to ensure the KOOS-JR can be used
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Table 6. Goodness-of-Fit Indices for Measurement Invariance Analyses Across Time Points

2
X
X2 dfa difference CFI CFl TLI IFI SRMR RMSEA
difference
(df)
Baseline (n = 13091) 801.332 14 b 0.970 b 0.954 0.970 0.029 0.066
3 months (n = 13091) 587.407 14 b 0.981 b 0.972 0.981 0.022 0.056
6 months (n = 13091) 537.443 14 b 0.986 b 0.979 0.986 0.019 0.053
12 months (n = 13091) 757.884 14 b 0.984 b 0.976 0.984 0.020 0.064
Configural (equal form) 3208.074 302 b 0.984 b 0.980 0.984 0.019 0.027
680.099 0.023
Metric (equal loadings) 3888.173 320 (18) 0.981 0.003 0.977 0.981 0.029
. 4196.661 323 988.587 0.979 0.005 0.975 0.979 0028 0.030
Equal factor variances (21)
Scalar (equal indicator 6254.532 338 3046.458 0.968 0.016¢ 0.964 0.968 0.027 0.037
intercepts) (36)

a df = degrees of freedom
b Indicates the value is not calculated at this step.
¢ Indicates the model did not pass invariance criteria.

CFI= Confirmatory Factor Analysis, TLI= Tucker Lewis index, IFI= Bollen’s Incremental Fit Index, SRMR= Standardized Root Mean Square Residual, RMSEA= Root Mean Square Error

of Approximation
Bold indicates that CFlor X2 difference criterion was exceeded.

Table 7. Goodness-of-Fit Indices for Measurement Invariance Analyses Across Time Points with Item #1 Removed

2 .
2 a x“ difference CFI
X df df CFI difference TLI IFI SRMR RMSEA
Baseline (n = b b
13091) 493.932 9 0.977 0.962 0.977 0.025 0.064
3 months (n = b b
13091) 435.897 9 0.983 0.972 0.983 0.022 0.060
6 months (n = b b 0.019
13091) 410.508 9 0.987 0.979 0.987 0.058
12 months (n = b b 0.021
1309) 651.245 9 0.984 0.973 984 0.074
fc;:qﬁ)gum (equal 2388.504 210 b 0.986 b 0.981 0.986 0019 0.028
:\gae;ir:gsqua' 2908.794 225 520.29 (15) 0.983 0.003 0.979 0.983 0.023 0.030
Equal factor 3168.579 228 780.075 (18) 0.981 0.005 0.977 0.981 0027 0031
variances
Scalar (equal
indicator 4194.661 240 1806.157(30) 0.974 0010 0.971 0.974 0.025 0.035
intercepts)
Equal Means 21025.091 243 18,636.587(33) 0.866 0.12 0.847 0.866 0.228 0.081

a df = degrees of freedom
b Indicates the value is not calculated at this step.
¢ Indicates the model did not pass invariance criteria.

CFI= Confirmatory Factor Analysis, TLI= Tucker Lewis index, IFI= Bollen’s Incremental Fit Index, SRMR= Standardized Root Mean Square Residual, RMSEA= Root Mean Square Error

of Approximation
Bold indicates that x? difference criterion was exceeded.

between groups and across time. Contemporary analytic
methods were used to assess multi-group and longitudi-
nal model fit and structural validity of the KOOS-JR,1%18,21
with the multi-group analysis being conducted in a larger
and more heterogenous population than previously used
in the literature.14 Multi-group and longitudinal invariance
results suggest the KOOS-JR demonstrates structural valid-
ity and can be used with specific sub-groups of the popula-
tion (e.g., different sexes, age groups). Longitudinal analy-
sis, however, identified a biased item resulting in a modified

version of the KOOS-JR (i.e., KOOS-JR-6); the modified ver-
sion met longitudinal analysis recommendations.

STRUCTURAL VALIDITY - CONFIRMATORY FACTOR
ANALYSIS

The CFA results indicated sound structural properties of
the KOOS-JR in a large, heterogeneous sample of patients
who completed the scale during a baseline examination
when seeking care. The model fit exceeded recommended
fit indices!®21; thus, the findings supported prior Rasch
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analysis? and CFA!* assessment, with a structurally sound
unidimensional model at initial (i.e., baseline) patient com-
pletion being found. Identification of a sound structural
model justified further multi-group and longitudinal in-
variance testing to further determine scale measurement
properties and guide use of the scale in clinical practice and
research related to hypothesis testing, assessing group dif-
ferences, and examining change across time.

MULTI-GROUP INVARIANCE ANALYSIS ACROSS AGE,
SEX, AND INTERVENTION GROUPS

The presence of multi-group invariance supports scale use
for hypothesis testing (e.g., are levels of “total knee dis-
ability” different across sexes), while providing valuable in-
sight on if the scale items or underlying construct (i.e., total
knee disability) are being operationalized similarly across
the groups.1718,21 The multi-group invariance testing re-
sults confirmed the structural validity of the scale across
the tested groups (e.g., sex, age groups), which then al-
lowed between group differences to be assessed at base-
line examination.!418 The findings provide clinicians and
researchers with evidence that identified group differences
are true group differences as opposed to differences that
may result from measurement error (e.g., how an item is in-
terpreted, how a latent construct is operationalized, etc.).

The results confirmed prior multi-group invariance test-
ing!4 that found the KOOS-JR to be invariant in an older
adult population (i.e., 41 year of age or older). Because the
KOOS-JR was invariant in middle-aged and older (i.e., 41+
years of age) populations, assessment of latent mean differ-
ences was warranted in these groups.1”18 We found signif-
icant latent mean differences across groups at the baseline
examination: the middle-aged adult group (41-66 years) re-
ported substantially higher scores (i.e., worse knee health)
than the older adult group (66+ years) at the baseline ex-
amination. The results confirmed prior research findings!4
of the middle-aged group reporting higher levels of self-
reported knee disability than the older age group on the
KOOS-JR. The findings, however, conflict with prior re-
search which indicated older age groups (i.e., 65 years or
age or older) perceived greater impairments of knee health
on the KOOS25:26 and that patient reported functional im-
pairment increases across the life span.25-27 The differ-
ences could be the result of sample differences or the
KOOS-JR having fewer items designed for those who will
undergo knee arthroplasty. It may also be important to note
that while the difference was statistically significant, the
effect size was small, and the group differences may not be
that meaningful in clinical practice or research without fur-
ther research that also considers physical activity levels and
how this might influence KOOS or KOOS-]JR scores.

Lower levels of physical activity level before the onset of
OA or before a total hip arthroplasty (THA) intervention in
older (i.e., 66+ years) age groups have been reported.28 Self-
reported physical activity decreases related to knee health
impairment could be explained by numerous factors (e.g.,
greater levels of joint degeneration, number of comorbidi-
ties, body composition, etc.) in patient population282% and
it is conceivable that increased prevalence of these vari-

ables (e.g., greater knee degeneration, etc.) and decreased
physical activity would result in greater perceived impair-
ments in knee health as measured by the KOOS or KOOS-
JR. A limitation of the SOS data available for this study was
a lack of demographic patient information; thus, further
analysis to explore how these variables affected KOOS-JR
scores at baseline or across time could not be performed.
Further research is warranted to better understand the in-
fluence of these variables on KOOS-JR scores prior to or af-
ter intervention or the onset of OA. Additional multi-group
invariance testing is also warranted with younger patient
populations. Assessment of group differences in KOOS-JR
scores in patient populations under the age of 41 should
be performed with caution because multi-group invariance
testing could not be conducted in this population due to in-
sufficient sample sizes in the data.

The multi-group invariance testing between sexes also
confirmed prior findings of the KOOS-JR being invariant
between males and females.14 Thus, differences in latent
mean scores can be viewed as true group differences as
opposed to measurement error, and comparison of group
mean scores differences across the sexes is supported.!418
The analysis identified statistically significant group mean
differences between males and females: male participants
reported lower scores (i.e., less perceived “total knee dis-
ability”) than female participants at the baseline exam-
ination. The findings support prior KOOS-JR findings of
females reporting greater levels of knee disability on the
KOOS-JR compared to males.!4 Sex differences at the base-
line examination could be related to differences in psycho-
logical variables, such as coping strategies. For example,
females have been reported to have reduced capacity to
cope with musculoskeletal pain and this may explain higher
baseline levels of perceived knee health impairment on the
KOOS-JR.30 Other research, however, found females to have
higher pain acceptance and more social support than males,
while males were reported to have higher levels of kinesio-
phobia, more mood disturbances, and lower activity levels
than females.3!

It should be noted that the effect size of the latent mean
difference between sexes in the study was small and differ-
ences in condition, response to pain, prior treatment ad-
herence, age, and physical activity level could explain the
latent mean sex difference.31-34 The role of physical activ-
ity and patient awareness of physical limitations for par-
ticipating in physical activity (e.g., sports) with an injury
or degenerative joint condition might be relevant in under-
standing this phenomenon. For example, researchers have
reported that females have higher levels of physical activ-
ity compared to males,3! while other researchers indicated
males reported higher levels of physical activity before the
onset of OA and prior to THA.28 Limitations in the SOS
dataset prevent further analysis of the role of these vari-
ables (e.g., physical activity levels, coping strategies, etc.)
in affecting KOOS-JR scores and further research is war-
ranted to identify when these sex differences occur and
better understand how other variables influence or predict
KOOS-JR scores.
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The findings are also congruent with prior researchl4
which indicated the KOOS-JR was invariant when tested
with a sample of patients who received knee arthroplasty or
non-operative care. The assessment of latent mean scores
indicated the arthroplasty group reported higher perceived
knee disability (i.e., lower levels of perceived knee health)
at baseline than the non-operative group and the difference
was statistically significant with a medium effect size. The
two groups had similar demographic profiles for age and
sex, indicating the identified group difference was unlikely
to be explained by sex or age differences. This finding con-
firms prior research!4 and fits the expectation that those
who have knee degeneration and warrant surgical interven-
tion would demonstrate higher scores on the KOOS-JR. The
findings provide preliminary evidence that KOOS-JR scores
may be elevated in those with more substantial pathology
requiring more substantial intervention; however, the de-
mographic information available in the SOS database does
not allow for further group comparison (e.g., pathology,
pathology severity, length of symptomology, psychosocial
variable assessment, etc.) to better understand the vari-
ables or antecedents that influence patient responses on
the KOOS-JR at baseline examination or for predicting who
will respond favorably to specific interventions. Further re-
search into patient perceptions of knee health and relevant
variables and antecedents may be useful to determine when
these differences arise and what might be the mechanism
for these differences. Additional research is also needed
to determine if diagnostic-cut-off criteria or other clinical
guidelines could be created to aid clinicians in using patient
reported scores to inform the intervention decision-making
process.

LONGITUDINAL INVARIANCE

The study also provides novel insight into the longitudinal
properties of the KOOS-JR and its validity for assessing
post-intervention effects across time. Longitudinal invari-
ance was established for the equal forms, equal loadings,
and equal variances models, but did not pass the equal
intercepts model. Failure to meet this standard indicates
the respondents did not interpret the construct (i.e., “total
knee disability”) similarly across time, and assessment of
changes in mean scores was not warranted without further
inspection of the model and individual items. The presence
of this finding identifies measurement bias which creates
a challenge in assessing levels ("i.e., “amounts”) of knee
health/disability over time with the KOOS-JR. Subsequent
analysis identified item #1 (i.e., “How severe is your knee
stiffness after first wakening in the morning?”) as the prob-
lematic item and indicates respondents are not interpreting
this item similarly across repeated assessment. Thus, cau-
tion is warranted when examining changes across time or
patient recovery with the KOOS-JR because score changes
may not be the result of change over time or improvement
(i.e., healing) from an intervention alone.!8 The removal of
the problematic item from the model, however, resulted in
a more psychometrically sound scale that met the contem-
porary recommendations for longitudinal measurement in-
variance.

The new model (i.e., KOOS-JR-6) was invariant across
each step of the longitudinal measurement invariance
process, indicating this model can be used to assess
changes in patient recovery across time or examine group
mean changes across time. Thus, the results supported ex-
amining the mean scores across repeated assessment on
the KOOS-JR-6 to determine if scores changed after re-
ceiving treatment. The findings indicated the participants
reported statistically significant and meaningful improve-
ments in knee health across repeated measures: the lowest
scores (i.e., highest “total knee disability”) were reported at
the baseline examination and the highest scores (i.e., low-
est “total knee disability”) occurred at the 12-month fol-
low-up. The KOOS-JR-6 findings provide some support for
scale validity as patients who receive surgery or who par-
ticipate in the rehabilitation process would be expected to
identify significant improvement over time, whether from
the effects of intervention, placebo, or natural healing. The
findings are congruent with researchers35:36 who have pre-
viously reported patient improvement on the KOOS after
patients received care (e.g., arthroplasty, arthroscopy, and
exercise therapy, etc.) from six months to two years post-
intervention.

LIMITATIONS AND FUTURE RESEARCH

While the current study had many strengths, limitations
also existed. For example, lack of complete demographic in-
formation from the dataset prohibited analysis of all pos-
sible subgroups (e.g., surgical approach; younger popula-
tions; ethnicity; socioeconomic status; psychosocial
variables, etc.), thus limiting invariance testing across all
relevant subgroups and the understanding of potential
mechanisms for the identified group differences. Therefore,
clinicians and researchers should exercise caution when ex-
amining KOOS-JR score group differences for populations
where multi-group invariance is not yet established. Fur-
ther, the lack of other relevant demographic information
(e.g., pathology, pathology severity, surgical intervention,
or approach, etc.) prevents the completion of other analy-
ses to answer other measurement (e.g., multi-group invari-
ance across surgical approaches) or substantive (e.g., assess
differences in intervention effectiveness) questions valu-
able to research and clinical practice. Finally, despite the
strengths of using a large, heterogenous sample of patient
responses, it should be noted that instrument validation is
a multi-step process. The study provides strong evidence
for the tested measurement properties of the KOOS-JR-6;
however, further research is necessary to establish other
needed scale measurement properties (e.g., responsive-
ness, reliability, minimal clinically important differences
[MCIDs], etc.).

Future research should test multi-group invariance
across additional subgroups to further inform use of the
KOOS-JR in those populations. Establishing multi-group
invariance in other relevant subgroups (e.g., different so-
cioeconomic groups, age groups, activity levels, health lit-
eracy levels, pathologies, etc.) could help ensure the scale
is appropriate to use across diverse patient populations.
Researchers should also confirm the KOOS-JR-6 measure-
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ment findings in a cross-validation sample of patients who
only respond to those six items to ensure the measurement
properties are consistent. Additionally, further psychomet-
ric studies should be performed to establish other relevant
measurement properties (e.g., MCIDs, responsiveness, in-
ternal consistency, reliability, etc.) to inform and guide use
of the KOOS-JR and KOOS-JR-6 in research and clinical
practice.

CONCLUSIONS

Findings in the present study suggest that the KOOS-JR
demonstrates structural validity and can be used to com-
pare patient reported outcomes between sex, age groups
(e.g., middle aged vs. older adults), and intervention cate-
gories (i.e., arthroplasty vs. non-operative care). However,
the KOOS-JR did not demonstrate sound longitudinal mea-
surement invariance; researchers and clinicians who desire
to use the scale longitudinally should do so with caution.
Longitudinal use of the KOOS-JR should include consider-
ation of how patients conceptualize knee health over time
due to differences in patient interpretation of item #1 and
its influence on overall KOOS-JR scores. Thus, follow-up

questions of the patient’s perception of knee stiffness and
its influence on overall knee health is warranted; re-
searchers and clinicians could also choose not to score that
item and instead only use the items in the KOOS-JR-6 when
examining change in knee health over time. Future re-
search is still needed to establish all the necessary mea-
surement properties for effective use of the KOOS-JR-6 in
clinical practice and research.
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