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Background

The International Knee Document Committee Subjective Knee Form (IKDC-SKF) is a
patient-reported outcome measure used in orthopedics and sports medicine. Further
psychometric assessment is necessary to confirm measurement properties in a large,
heterogenous sample.

Purpose

The purpose of the study was to assess the psychometric properties of the IKDC-SKF in a
large, heterogenous sample.

Study Design

Cross-Sectional Study

Methods

An exploratory factor analysis (EFA) was conducted to identify a sound latent structure
and to assess internal consistency in a large sample of patients who underwent knee
arthroscopy. A confirmatory factor analysis (CFA) was conducted to confirm structural
validity. Multi-group invariance was conducted to assess factorial stability across sex and
age groups, while longitudinal invariance procedures were performed to assess stability
over time.

Results

A 3-factor, 9-item IKDC-SKF short form was identified with EFA procedures. The model
was confirmed with CFA (CFI = 0.983; TLI = 0.975; IFI = 0.983; RMSEA = 0.057), while a
sound 2-factor, 6-item model was also identified (CFI = 1.0; TLI = 0.999; IFI = 1.0; RMSEA
=(.11). The 9-item IKDC-SKF short form was invariant across groups but not time;
removal of a single item (i.e., 8-item IKDC-SKF short form) resulted in longitudinal
invariance. The 6-item IKDC-SKF short form was invariant across groups and time.

Conclusion

The 6-item, 8-item, and 9-item short form versions of the IKDC-SKF exceed
contemporary fit recommendations and present as plausible alternatives to the IKDC-SKF
with improved measurement properties, reduced scale response burden, and evidence of
multi-group and longitudinal invariance. Further, the 6- and 8-item IKDC-SKF short
forms may be used to assess group differences or change across time.
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Level of evidence here
Level 3

INTRODUCTION

The International Knee Documentation Committee (IKDC)
Subjective Knee Form (SKF) is a 19-item joint-specific pa-
tient-reported outcome measure (PROM) used in ortho-
pedics and sports medicine, with applications in clinical
practice and research.! The IKDC-SKF is intended to be
used across a variety of knee pathologies (e.g., ACL injury,2
meniscal injury,3 cartilage damage,* patellofemoral pain
syndrome®) and has been translated into many languages
(e.g., Chinese,® Arabic,” German®). Initial assessment of
scale properties indicated the English version of the IKDC-
SKF had adequate test-retest reliability (ICC range =
0.85-0.99)%-11 but large ceiling effects,!2 while translated
versions have been reported to have good responsiveness
(i.e., change can be detected) without floor or ceiling ef-
fects.8:10,11 However, other analysis procedures necessary
to establish the measurement properties of the IKDC-SKF
for use in clinical practice and research are either lacking
(e.g., multi-group invariance testing) or have identified po-
tential concerns with the scale.

For example, internal consistency, a measure of how
similar the items are in a unidimensional scale or unique
subscale, should be calculated for each construct included
in a scale.13-16 High alpha levels (i.e., > 0.90) have been in-
terpreted as evidence of strong internal consistency; how-
ever, these high values may be more likely to indicate item
redundancy, inclusion of too many items or parallel items,
construct underrepresentation, or reduced construct preci-
sion.141517 Low values (i.e., < .70), in contrast, indicate
poor internal consistency within a scale or construct. While
alpha values > 0.70 and < 0.90 are often considered accept-
able,1314 3 range of > 0.80 and < 0.90 has been recom-
mended for scale development.!517 Reported Cronbach’s
alpha values for the IKDC-SKF have ranged from 0.77 to
0.97 across different versions of the scale.8-10:18 The re-
ported Cronbach’s alpha values outside the recommended
range, particularly those well above 0.90, along with those
calculated for the entire scale, raise concerns regarding the
item design, internal consistency, and dimensionality of
the IKDC-SKF. The results suggest further scale modifica-
tion is needed to reduce redundancy, construct underrepre-
sentation,!>!7 and response burden,!® while also improv-
ing model fit.20,21

Psychometrically sound reflective scales should also
have consistent structural validity, which is often estab-
lished through exploratory factor analysis (EFA)22-24 and
confirmatory factor analysis (CFA) procedures20:25,26 or
Rasch analysis.26 When factor analysis is used, initial pro-
cedures should follow recommended extraction tech-
niques,2” and factor identification should follow recom-
mended procedures, as under factoring or over factoring
issues occur in scale development.28 While principal com-
ponent analysis (PCA) can be used initially to reduce the
number of items and factors,232% a common factor ap-
proach is preferred,30 and PCA should not be used as a sub-

stitute for EFA and CFA to determine the underlying latent
factors.20,22,23,.29 Fyrther, once EFA procedures have been
used to identify latent factors, CFA procedures in new sam-
ples to confirm the factor structure are recommended.20;
22,2329 An important step in this process is the identifi-
cation of latent factors, which is often performed using
multiple criteria, such as eigenvalues (e.g., Kaiser-Guttman
criterion of values greater than 1.0), scree plots, percent
variance explained, or minimum-average partial correla-
tion.22-24 Parallel analysis is another approach that has
been recommended because it performs well across PCA or
EFA procedures for correctly identifying factors.24:30,31 As
it relates to the IKDC-SKF, researchers have used PCA, EFA,
and Bayesian CFA procedures to establish scale structure;
however, multiple factor solutions have been found!-32:33
and best practice recommendations have not always been
followed. For example, PCA has resulted in three-compo-
nent solutions, with researchers supporting a one-factor
solution,32 despite recommendations to not use PCA.20,
22,23,29 Qthers have used EFA and Bayesian CFA methods
which resulted in two-factor solutions,!33 without imple-
menting many recommendations (e.g., parallel analysis) in
the identification of latent factors.20:22,23,29 Thus, the fac-
tor structures (e.g., number of factors) have not been con-
sistent across studies,!»3%:33 and the solutions have varied
in the number of items to include in the final scale (e.g., 15
items across two-factors,33 all 18 items across the PCA so-
lution).32

Short form versions have also been identified from EFA,
CFA, and Rasch analysis procedures. The first short form
(i.e., 15 items) solution, however, was not identified with
EFA procedures using the most contemporary methods for
item retention and factor identification (e.g., parallel
analysis)2430,31 and CFA results have indicated further
modification of the scale is warranted to identify a sound
short form version for use in clinical practice and research.8
The need for further item removal and the identification of
a parsimonious short from was also supported with Rasch
analysis; however, final model solutions differed with one
retaining 5 items!2 and the other retaining 8 items.34 Other
concerns with these studies!2:34 are the use of small sam-
ples (i.e., 7734 and 160,12 respectively) and respondent
pools (e.g., healthy respondents) who are not representa-
tive of the patient population with which the scale is used
in clinical practice and research. Thus, further research is
needed to make clearer recommendations on a parsimo-
nious IKDC-SKF short form that can be used in practice and
research.

Finally, multi-group and longitudinal measurement in-
variance and hypothesis testing assessment results, which
helps ensure scale suitability for use in research and clinical
practice,29,25,26,35 have not been reported for the IKDC-
SKF. Multi-group invariance testing should be conducted
to ensure factorial stability exists across different popula-
tions, which establishes measurement properties are equiv-
alent across various subgroups (e.g., sex, age, injury type).
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Establishing multi-group invariance of PROMs allows clin-
icians and researchers to answer substantive questions re-
garding group differences.20:26:36 Tongitudinal invariance
testing is valuable for PROMs because it helps establish if
the underlying constructs are adequately measured across
repeated testing to allow clinicians or researchers to in-
terpret score changes as true change.20:25,36 Establishing
multi-group and longitudinal invariance then allows for
hypothesis testing by determining if the scale can used
to measure differences between relevant groups or across
time.20,25,26

Thus, further psychometric assessment of the IKDC-SKF
is warranted given the reported inconsistencies, concerns
with scale measurement properties, lack of invariance
analysis results, and inconsistent findings on a short form
version. Performing EFA and CFA procedures in large, di-
verse, and separate samples is valuable for determining and
then confirming or refuting the structural validity of the
IKDC-SKF or an identified short form version. These pro-
cedures will allow for identification of a parsimonious and
psychometrically sound scale when following contempo-
rary factor analysis procedure recommendations. Addition-
ally, assessing the internal consistency of the identified fac-
tors (i.e., one, two, or three factors) is warranted to further
confirm internal consistency and measurement precision
without item redundancy. Finally, conducting multi-group
and longitudinal invariance testing will provide insight into
whether the scale can be used to measure group differences
and change over time. Establishing these scale properties
provides clinicians and researchers with a psychometrically
sound scale to track patient progress or compare groups.
Therefore, the purpose of the study was to assess the psy-
chometric properties of the IKDC-SKF in a large, heteroge-
nous sample. This included four separate mechanisms: 1)
to conduct EFA following best practice recommendations to
identify a sound latent structure, which may include alter-
nate forms (i.e., short forms), of the IKDC-SKF in a large,
heterogenous sample; 2) to assess the internal consistency
of any identified constructs; 3) to use CFA procedures to
confirm the structural validity of the identified scale struc-
ture in a separate sample; and 4) to perform relevant multi-
group and longitudinal invariance procedures on the iden-
tified scale to inform practitioners and researchers on scale
use for assessing group differences and change over time.

METHODS

A sample of patient data obtained from the Surgical Out-
come System (SOS, Arthrex, Naples, Florida) was used for
the study. Patients provided informed consent prior to us-
ing the SOS and were emailed PROMs at predetermined in-
tervals. Institutional Review Board (IRB) approval for the
project was granted by the Cedar-Sinai Office of Research
Compliance and Quality Improvement as part of a larger re-
search project using SOS data. University IRB was not re-
quired because the deidentified data set was not considered
human subject research.

For this study, patients who were classified in an arthro-
scopic knee surgery group and who had completed the

IKDC-SKF at baseline (i.e., pre-arthroscopic knee surgery)
were included in the study. For longitudinal invariance,
only patients who completed the IKDC-SKF at four time
points (i.e., baseline [pre-arthroscopic knee surgery], three
months post-surgery, six months post-surgery, and
12-months post-surgery) were included in the analysis.

INSTRUMENTATION

INTERNATIONAL KNEE DOCUMENTATION COMMITTEE —
SUBJECTIVE KNEE FORM

The IKDC-SKF is a 19-item knee joint specific PROM.37 The
IKDC-SKF includes one dichotomous item, four 11-point
Likert scale items, and fourteen 5-point Likert scale items.
Eighteen of the items are summed into one score which
ranges from O to 100 (item #19 is not included in the
score).37 A higher score represents less dysfunction, less
pain, and greater knee function.3”

DATA ANALYSIS

A total of 1,959 individuals completed the IKDC-SKF prior
to knee arthroscopy and were exported from the SOS data-
base into the Statistical Package for Social Sciences (SPSS
v. 25.0, Chicago, IL) and Analysis of Moment Structures
(AMOS v. 25.0, Chicago, IL) for analysis. Cases with a z-
score equal to or greater than * 3.3 were classified as uni-
variate outliers and were subsequently removed. The
dataset was also assessed for multivariate outliers using
Mahalanobis distance; cases with a p < 0.001 according to
the Chi-square test were removed from the data set. Re-
spondent data were not excluded if demographic informa-
tion was missing because the primary study purpose was
to assess the IKDC-SKEF. Finally, histograms and descriptive
statistics (i.e., skewness and kurtosis values) were used to
assess the normality of the data. Following data cleaning,
the data set was randomly split into two equal samples (n;
and n,).

EXPLORATORY FACTOR ANALYSIS

An EFA with maximum likelihood extraction and direct
oblimin rotation was conducted on sample n; to identify
a parsimonious scale. Bartlett’s test of sphericity (< 0.001)
and Kaiser-Meyer-Olkin values (> 0.80) were assessed, with
values outside of the specified ranges constituting a vio-
lation of the test.38 Items were assessed individually and
removed one at a time until a parsimonious solution was
identified.22:23 Item removal was guided by theoretical
(e.g., item content), design-related (e.g., item structure)!?
and statistical (e.g., low factor loadings < 0.40, high cross-
loadings > 0.30, high bivariate correlations with another
item, poor contribution to internal consistency) criteria.l5
23,25,38 Factor retainment was guided by eigenvalues > 1.0,
scree plot examination, and factors that explained > 5.0%
of the variance.25.28:38,39 Parallel analysis was used to con-
firm or refute factor retention; eigenvalues of the original
data set were compared to a randomly ordered data set to
inform final factor retainment.40 Cronbach’s alpha was also
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calculated for each factor retained. Items were considered
for removal if the alpha value was > 0.90; item removal was
guided by statistical guidelines (i.e., which item was most
redundant), theory (e.g., item content), and item design.
The final EFA solution resulted in a parsimonious IKDC
short form to be confirmed with CFA.

CONFIRMATORY FACTOR ANALYSIS OF PROPOSED IKDC-
SKF SHORT-FORM ™

Sample n, was used to conduct a CFA of the proposed
IKDC-SKF short form to confirm model structure using
maximum likelihood estimation in AMOS. Model fit indices
used for evaluation included the Comparative Fit Index
(CFI) > 0.95, Tucker-Lewis Index (TLI) > 0.95, and root mean
square error of approximation (RMSEA) < 0.06. Models with
fit indices values outside of the specified ranges indicated
poor model fit and were interpreted as not supporting the
proposed factor structure of the IKDC-SKF.20:41 CFA proce-
dures also included assessing localized areas of strain and
the interpretability, size, and statistical significance of the
model’s parameter estimates (i.e., factor variances, covari-
ances, and indicator errors).25 If indicated, additional items
were removed, and the CFA procedures were repeated with
the new model.

MULTI-GROUP INVARIANCE TESTING

Multi-group invariance testing between participant sex and
age groups was conducted on the full sample (i.e., samples
n; and n, combined) in three stages: 1) structural invari-
ance to assess equivalent factor structure between sub-
groups; 2) metric invariance to assess equal factor loadings
between subgroups; and 3) scalar invariance to confirm
equal loadings and intercepts between subgroups. Each
model was more restricted than the previous model29 and
each step was used to assess whether the items were being
interpreted equally across selected subgroups (i.e., sex, age
group). These steps ensure the meanings of the common
factors are consistent across groups and that mean scores
are not contaminated by outside factors (e.g., group specific
attributes), which then allows for substantive questions to
be answered to support hypothesis testing (e.g., compari-
son of subgroup means).20 If the metric model held, sub-
groups could be tested for equal variances on the latent
constructs, and if the scalar model held, subgroups could be
tested for equal latent means. For the purposes of multi-
group analysis by age, participants were split into groups
defined as youth (<18 years old), emerging adult (18-25
years old), early adulthood (26-40 years old), middle age
(41-65 years old), and older adult (>65 years old)42; how-
ever, the older adult group was not analyzed because of its
small sample size (n = 30). The deiff and CFl ;¢ tests were
both used to assess invariance, and the scale was consid-
ered invariant at each stage if the CFI 4 was < 0.01 as com-
pared to the configural model and the fit indices previously
described were met. If the model was not found to be in-
variant at a given step, item loadings (i.e., metric model)
or item intercepts (i.e., scalar model) were released one by
one, and the model was retested. Once a problematic item

was identified (i.e., the one that improved CFI to be clos-
est to the CFI of the configural model), it was removed,
and the model was re-run. For the substantive questions,
if the CFl ;¢ was > 0.01 compared to the configural model,
it was deemed that the subgroups were not equal on the
tested statistic (e.g., latent means). In these cases, another
model was run in which one group served as the compari-
son group to determine relative latent variances or means
for the other subgroups (i.e., greater than, less than, or
equal to the comparison group). The deiff test was not
weighted as heavily in the invariance process because of the
effect sample size has on this statistic.20,21

LONGITUDINAL INVARIANCE TESTING

Longitudinal invariance testing was evaluated using the
same procedures outlined in the multi-group invariance
section to confirm similar interpretation of items and com-
mon factors across time points. If all models held (i.e., all
fit indices cut-off values were met), it indicated that sub-
stantive properties (e.g., change over time) could be eval-
uated, allowing for clinician assessment of patient scores
over time (e.g.,, did scores change from baseline to
12-months post-arthroscopy). The same procedures were
used as described in multi-group invariance testing to iden-
tify any problematic items and create a more parsimonious
scale, when indicated.

CORRELATION ANALYSES

Bivariate correlation analysis was conducted using scores
from the 18-item IKDC-SKF and scores from any generated
IKDC-SKF short forms. The preferred percentage of vari-
ance explained was set at r > 0.90 (R2 = 0.81).43:44

RESULTS

A total of 55 cases were removed during the data cleaning
process (i.e., identified outliers) leaving 1,904 cases for
analysis; the 1,904 total cases were then randomly split into
two even data sets (i.e., 952 cases in n; and n,). For the full
sample, participants were 32.06 * 14.16 years of age (range:
11-80 years) and included 874 males and 802 females. For
sample n;, participants were 32.42 * 14.38 years old (range:
11-74 years) and included 441 males and 388 females. For
sample n,, participants were an average of 31.69 * 13.93
years old (range: 12-80 years) and included 433 males and
414 females.

EXPLORATORY FACTOR ANALYSIS

The initial exploratory factor analysis (EFA) using all 18
items resulted in a four-factor solution with items that had
low loadings and high cross-loadings. Parallel analysis in-
dicated a three-factor solution was sufficient when all 18
items were used. Items were removed during the EFA pro-
cedures one at a time and the solution was respecified un-
til an acceptable solution was identified; a total of nine
items were removed, resulting in a 9-item, 3-factor solu-
tion, with three items in each factor (Athletic Activities, Ac-
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Table 1. Exploratory factor analysis of the IKDC-SKF

Item Factor 1 Factor 2 Factor 3

Athletic Activities Activity Level ADLs
16 0.925
17 0.850
15 0.713
5 0.857
1 0.797
8 0.731

0.786

12 0.657
13 0.647
Eigenvalue (% variance) 4.67 (51.87) 1.21(13.44) 0.94(10.43)
Cronbach's Alpha 0.88 0.84 0.76

ADLs = Activities of Daily Living.

tivity Level, Activities of Daily Living [ADLs]; Table 1). The
solution accounted for 75.74% of the variance and Cron-
bach’s alpha values fell within the suggested range for each
subscale (ADLs: 0.76; Activity Level: 0.84; Athletic Activi-
ties: 0.88; Table 1) with item loadings ranging from 0.65 to
0.93. While certain criteria (e.g., scree plot, percent vari-
ance explained) supported the 3-factor structure solution,
parallel analysis with the nine items supported a two-factor
structure. The 3-factor, 9-item scale was retained for CFA
as further modification could be conducted during those
analysis procedures to support or refute factor structure.

CONFIRMATORY FACTOR ANALYSIS 9-ITEM IKDC-SKF
SHORT FORM

The CFA of the 3-factor, 9-item IKDC-SKF short form met
all model fit criteria (CFI = 0.983; TLI = 0.975; IFI = 0.983;
RMSEA = 0.057; chi-square = 97.667; p < .001; Figure 1) and
had factor loadings ranging from 0.55 to 0.87. Construct
correlations ranged from 0.64 to 0.75, with the highest
correlation between Athletic Activities and ADLs (56.25%
shared variance). Modification indices indicated significant
cross-loadings and potential model misspecification were
present.

Although model fit indices were exceeded, inspection of
the model (e.g., item design, latent variable correlations,
modification indices) and consideration of the parallel
analysis findings led to further refinement and the identifi-
cation of a 2-factor, 6-item modified IKDC-SKF short form.
The 2-factor (Activity Level and ADLs), 6-item model sup-
ported by parallel analysis, demonstrated excellent model
fit (CFI = 1.0; TLI = 0.999; IFI = 1.0; RMSEA = 0.11; chi-
square = 8.943; p = 0.347; Figure 2), and addressed concerns
(e.g., high latent variable correlations, cross-loadings)
identified in the 9-item IKDC-SKF short form. Invariance
testing (multigroup and longitudinal) was conducted on
both the 9-item and 6-item IKDC-SKF short forms to pro-
vide further insight on both proposed factor structures.

MULTIGROUP INVARIANCE TESTING

Multigroup invariance testing across sex and age groups
was conducted using participant responses to the IKDC-
SKF at baseline (i.e., pre-arthroscopy).

SEX
IKDC-SKF 9-ITEM SHORT FORM

A total of 1,676 individuals (males = 874; females = 802) re-
ported sex and were used for analysis. Both individual mod-
els (i.e., males, females) met all fit indices criteria (Table 2).
The configural model fit indices also met all recommended
values (CFI = 0.990; RMSEA = 0.031; Table 2). The metric
and scalar models passed the CFly; test, warranting ex-
amination of an equal variances and equal means model.
The equal variance model passed the CFI ;¢ test, indicating
variances were equal across groups. The equal means model
also passed the CFI ;¢ test, indicating the means were equal
for all latent variables across males and females.

IKDC-SKF 6-ITEM SHORT FORM

A total of 1,676 individuals (males = 874; females = 802) re-
ported sex and were used for analysis. Both individual mod-
els (i.e., males, females) met all fit indices criteria (Table 3).
The configural model also met all recommended model fit
values (CFI = 0.990; RMSEA = 0.031; Table 3). The metric
and scalar models passed the CFl;; test, warranting ex-
amination of an equal variances and equal means model.
The equal variance model passed the CFI ;¢ test, indicating
variances were equal across groups. The equal means model
also passed the CFI ;¢ test, indicating the means were equal
for all latent variables across males and females.
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Table 2. Invariance across sex for the 9-item IKDC-SKF Short Form

s(f:;}e df Chi'gi‘;‘f‘are CFI g; TLI RMSEA
Measure 1 (Male) 56.039 24 N/A 0.992 N/A 0.989 0039
Measure 2 (Female) 68.907 24 N/A 0.987 N/A 0.980 0048
Model A (Configural) 124.947 48 N/A 0.990 N/A 0.985 0031
Model B (Metric) 127.682 54 2.735 (6) 0.990 NC 0.987 0029
\“;'a"r‘i’:r:;(jq”a' Latent 136.188 57 11.241(9) 0.990 NC 0.987 0029
Model D (Scalar) 137.173 60 12226 (12) 0.990 NC 0.988 0028
Model E (Equal Latent Means) 151.039 63 26,092 (15) 0.989 0.001 0.987 0029

Bold italic font: CFI value exceeded; df = degrees of freedom; Diff = difference; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = root mean square error of approxi-

mation; N/A = not applicable; NC = no change

Table 3. Invariance across sex for the 6-item IKDC-SKF Short Form

Chi-

Chi-Square CFI

Square df Diff CFI Ditt TLI RMSEA
Measure 1 (Male) 14.813 N/A 0.997 N/A 0.994 0.031
Measure 2 (Female) 10.948 8 N/A 0.998 N/A 0.997 0.021
Model A (Configural) 25761 16 N/A 0.997 N/A 0.995 0.019
Model B (Metric) 28.506 20 2.745(4) 0.998 +0.001 0.997 0016
'\\/"a"r?:r:ccegqua' Latent 37.002 22 11.241 (6) 0.996 0.001 0.995 0.020
Model D (Scalar) 32.529 24 6.768(8) 0.998 +0.001 0.987 0.015
Model E (Equal Latent Means) 44.991 26 19.23(10) 0.995 0.002 0.994 0.021

Bold italic font: CFI value exceeded; df = degrees of freedom; Diff = difference; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = root mean square error of approxi-

mation; N/A = not applicable; NC = no change

AGE GROUP
IKDC-SKF 9-ITEM SHORT FORM

A total of 1,762 individuals (youth = 321; emerging adults =
416; early adulthood = 558; middle age = 467) who reported
an age (range: 11-65 years) were used for analysis. Baseline
models (i.e., youth, emerging adults, early adults, middle
age) met all fit indices (Table 4). The configural model fit
indices met all recommended values (CFI = 0.993; RMSEA
= 0.019; Table 4). The metric and scalar models passed the
CFl 4 test, warranting examination of an equal variances
and equal means model. The equal variance model passed
the CFly; test, indicating variances were equal across
groups. The equal means model did not pass the CFI ;¢ test,
indicating the means were not equal for all latent variables
between age groups. When means were not constrained,
the middle age group had significantly lower means than
all groups (i.e., more dysfunction, more pain, and less knee
ability) across all three latent variables (i.e., ADLs, Activity
Level, and Athletic Activities). Additionally, the early adult-
hood group had a significantly lower mean (i.e., more dys-
function, more pain, and less knee ability) than the youth
and emerging adult groups for the ADL latent variable.
Statistically significant mean differences were not found

for any latent constructs between the youth and emerging
adult groups.

IKDC-SKF 6-ITEM SHORT FORM

A total of 1,762 individuals (youth = 321; emerging adults =
416; early adulthood = 558; middle age = 467) who reported
an age (range = 11-65 years) were used for analysis. Base-
line models (i.e., youth, emerging adults, early adults, mid-
dle age) met all fit indices (Table 5). The configural model
fit indices met all recommended values (CFI = 0.993; RM-
SEA = 0.019; Table 5). The metric and scalar models passed
the CFl ;s test, warranting examination of an equal vari-
ances and equal means model. The equal variance model
passed the CFIg test, indicating variances were equal
across groups. The equal means model did not pass the
CFly;¢ test, indicating the means were not equal for all la-
tent variables between age groups. When means were not
constrained, the middle age group had significantly lower
means (i.e., more dysfunction, more pain, and less knee
ability) than all groups across both latent variables (i.e.,
ADLs and Activity Level). Additionally, the early adulthood
group had a significantly lower mean (i.e., more dysfunc-
tion, more pain, and less knee ability) than the youth and
emerging adult groups for the ADL latent variable. There
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Table 4. Invariance across age group for the 9-item IKDC-SKF Short Form

sg::re df Chigg?are CFI gﬁ'f TLI RMSEA
Measure 1 (Youth) 21.997 24 N/A 1.000 N/A 1.000 0.000
Measure 2 (Emerging Adult) 38.464 24 N/A 0.992 N/A 0.988 0.038
Measure 3 (Early Adult) 56.629 24 N/A 0.988 N/A 0.982 0.049
Measure 4 (Middle Age) 36.968 24 N/A 0.993 N/A 0.989 0.034
Model A (Configural) 154.051 96 N/A 0.993 N/A 0.989 0.019
Model B (Metric) 188.910 114 34.859(18) 0.990 0.003 0.988 0.019
Model C (Equal Latent
Variances) 225.757 123 71.706 (27) 0.987 0.006 0.987 0.022
Model D (Scalar) 236.479 132 82.428 (36) 0.987 0.006 0.985 0.021
Model E (Equal Latent Means) 332.783 141 178.732(45) 0.975 0.022 0.975 0.028

Bold italic font: CFI value exceeded; df = degrees of freedom; Diff = difference; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = root mean square error of approxi-

mation; N/A = not applicable; NC = no change

Table 5. Invariance across age group for the 6-item IKDC-SKF Short Form

Chi-

Chi-Square CFI

Square df Diff CFI Diff TLI RMSEA

Measure 1 (Youth) 2211 8 N/A 1.000 N/A 1.000 0.000
Measure 2 (Emerging Adult) 5.923 8 N/A 1.000 N/A 1.000 0.000
Measure 3 (Early Adult) 7.380 8 N/A 1.000 N/A 1.000 0.000
Measure 4 (Middle Age) 10.380 8 N/A 0.998 N/A 0.995 0.025
Model A (Configural) 25.892 32 N/A 1.000 N/A 1.000 0.000
Model B (Metric) 47.957 44 22.065(12) 0.999 0.001 0.999 0.007
Model C (Equal Latent

Variances) 69.335 50 43.443(18) 0.995 0.005 0.994 0.015
Model D (Scalar) 63.078 56 37.186 (24) 0.998 0.002 0.998 0.008
Model E (Equal Latent Means) 153.676 62 127.784 (30) 0.976 0.022 0.977 0.029

Bold italic font: CFI value exceeded; df = degrees of freedom; Diff = difference; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = root mean square error of approxi-

mation; N/A = not applicable; NC = no change

were no significant mean differences for any latent con-
structs between the youth and emerging adult groups.

LONGITUDINAL INVARIANCE TESTING

A total of 792 individuals completed the IKDC-SKF at all
four time points and were retained for longitudinal invari-
ance. The average age of participants in this subsample was
33.02 * 15.00 years (range: 11-78 years; 354 females; 353
males).

IKDC-SKF 9-ITEM SHORT FORM

All baseline models (i.e., baseline, 3-months post-surgery,
6-months post-surgery, 12-months post-surgery) met all fit
indices (Table 6). The configural model fit indices met all
recommended values (CFI = 0.993; RMSEA = 0.019; Table
6). The metric model passed the CFI ;¢ test, warranting ex-
amination of an equal variances model. The equal variance
model did not pass the CFly test, indicating variances
were not equal across time points for latent variables. The

scalar model, however, did not pass the CFI ;s test, indi-
cating potential item-level bias which did not support test-
ing of the equal latent means model. Follow-up analysis in-
dicated slight item bias for item #15 (i.e., “How does your
knee affect your ability to run straight ahead?”).

Due to the item bias findings, invariance testing was
conducted on an 8-item IKDC-SKF short form (i.e., the re-
maining items from the 9-item scale after item #15 was re-
moved). All baseline models (i.e., baseline, 3-months post-
surgery, 6-months post-surgery, 12-months post-surgery)
met model fit indices (Table 7). The configural model fit in-
dices met all recommended values (CFI = 0.997; RMSEA =
0.014; Table 7). The metric and scalar models passed the
CFly;¢r test, warranting examination of an equal variances
and equal means model. The equal variance model did not
pass the CFI g test, indicating variances were not equal
across time points for latent variables. The equal means
model also did not pass the CFIy test, indicating means
were not equal across time. When not constrained to be
equal, Activity Level, ADLs, and Athletic Activities latent
means at 3-, 6-, and 12-months post-surgery were signif-
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Table 6. Longitudinal Invariance for the 9-item IKDC-SKF Short Form

sff;}e df Chigg?are CFI gﬁ'f TLI RMSEA
Measure 1 (Pre) 53.313 24 N/A 0.990 N/A 0.985 0.043
Measure 2 (3 months) 52.882 24 N/A 0.992 N/A 0.987 0.039
Measure 3 (6 months) 37.748 24 N/A 0.997 N/A 0.995 0.027
Measure 4 (12 months) 65.321 24 N/A 0.992 N/A 0.989 0.047
Model A (Configural) 614.743 474 N/A 0.993 N/A 0.990 0.019
Model B (Metric) 740.369 492 125.626(18) 0.987 0.006 0.984 0.025
Model C (Equal Latent
Variances) 1108.942 501 494,199 (27) 0.969 0.024 0.961 0.039
Model D (Scalar) 908.477 510 293.734(36) 0.980 0.013 0.975 0.031

Bold italic font: CFI value exceeded; df = degrees of freedom; Diff = difference; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = root mean square error of approxi-

mation; N/A = not applicable; NC = no change

Table 7. Longitudinal Invariance for the 8-item IKDC-SKF Short Form

Chi-

Chi-Square

CFI

Square df Diff CFI Diff TLI RMSEA

Measure 1 (Pre) 24.382 17 N/A 0.997 N/A 0.995 0.023
Measure 2 (3 months) 27.127 17 N/A 0.996 N/A 0.994 0.027
Measure 3 (6 months) 25.566 17 N/A 0.997 N/A 0.996 0.025
Measure 4 (12 months) 28.512 17 N/A 0.997 N/A 0.996 0.029
Model A (Configural) 402.353 350 N/A 0.997 N/A 0.995 0.014
Model B (Metric) 473.321 365 70.968 (15) 0.993 0.004 0.991 0.019
Model C (Equal Latent

Variances) 811.086 374 408.733 (24) 0.973 0.024 0.964 0.038
Model D (Scalar) 564.617 380 162.264 (30) 0.989 0.008 0.975 0.031
Model E (Equal Latent Means) 1505.912 386 1103.559 (36) 0.930 0.067 0.910 0.061

Bold italic font: CFI value exceeded; df = degrees of freedom; Diff = difference; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = root mean square error of approxi-

mation; N/A = not applicable; NC = no change

icantly higher than baseline (i.e., pre-arthroscopy) scores
(i.e., less dysfunction, less pain, and higher knee ability),
except for Activity Level latent means at three months.
Scores increased/improved across time, except for Activity
Level at three months, indicating patients reported scores
with improved function, pain, and knee ability after
surgery.

IKDC-SKF 6-ITEM SHORT FORM

All baseline models (i.e., baseline, three months post-
surgery, six months post-surgery, 12-months post-surgery)
met all fit indices (Table 8). The configural model fit indices
met all recommended values (CFI = 0.998; RMSEA = 0.012).
The metric model and scalar model passed the CFl ;¢ test,
warranting examination of an equal variances and equal
means model. The equal variance model did not pass the
CFly;¢ test, indicating variances were not equal across time
points. The equal means model also did not pass the CFI ;¢
test, indicating means were significantly different across
time points. When not constrained, Activity Level and ADL
latent means at three-, six-, and 12-months post-surgery

were significantly higher than baseline (i.e., pre-
arthroscopy) scores (i.e., less dysfunction, less pain, and
higher knee ability), except for Activity Level at six months
post-surgery. Scores increased/improved across time, ex-
cept for Activity Level at three months, indicating patients
reported scores with improved function, pain, and knee
ability after surgery.

CORRELATION ANALYSIS

Individual scores for the IKDC-SKF 9-item short form were
highly correlated (r = 0.924, R? = 0.854) with the scores for
the original 18-item IKDC-SKF. Individual scores for the
IKDC-SKF 6-item short form were highly correlated (r =
0.889, R2 = 0.790) with the scores for the original 18-item
IKDC-SKEF. Scores for the IKDC-SKF 9-item short form were
also highly correlated (r = 0.940, R2 = 0.884) with the scores
for the 6-item IKDC-SKF short form. Finally, scores on the
modified 8-item (3-dimension) IKDC-SKF short form were
highly correlated with scores on the original 18-item IKDC-
SKF (r = 0.919, R2 = 0.845), the 9-item IKDC-SKF short form
(r =.992, R% = 0.984), and the 6-item IKDC-SKF short form
(r=.962, R% = 0.925).
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Table 8. Longitudinal Invariance for the 6-item IKDC-SKF Short Form

s(f:;}e df Chi'g;}‘f‘are CFI S,Fflf TLI RMSEA
Measure 1 (Pre) 15.254 8 N/A 0.995 N/A 0.992 0.034
Measure 2 (3 months) 15.961 8 N/A 0.996 N/A 0.992 0.035
Measure 3 (6 months) 6.284 8 N/A 1.000 N/A 1.000 0.000
Measure 4 (12 months) 12.202 8 N/A 0.999 N/A 0.997 0.026
Model A (Configural) 210.782 188 N/A 0.998 N/A 0.997 0.012
Model B (Metric) 264.528 200 53.746 (12) 0.994 0.004 0.992 0.020
Model C (Equal Variances) 554.915 206 344.133(18) 0.969 0.029 0.958 0.046
Model D (Scalar) 344.718 212 133.936 (24) 0.988 0.01 0.984 0.028
Model E (Equal Latent
Means) 1214.108 218 1003.326 (30) 0.911 0.087 0.887 0.076

Bold italic font: CFI value exceeded; df = degrees of freedom; Diff = difference; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = root mean square error of approxi-

mation; N/A = not applicable; NC = no change

DISCUSSION

Best practice recommendations for assessing the structural
validity have not always been followed or reported in mea-
surement studies of the IKDC-SKF,20:22-31 which may ex-
plain the inconsistent structural findings reported.l,32,33,
37 Further, multiple short form versions of the IKDC-SKF
have been suggested in the literature, but initial efforts
have primarily used small samples that do not well rep-
resent the patient population who completes the IKDC-
SKF.12,34 Therefore, assessment of the IKDC-SKF using rec-
ommended classical test theory procedures was warranted
and the purpose of our study was to conduct EFA, CFA, and
invariance testing procedures on the IKDC-SKF in a large,
heterogenous sample of patients to assess the measure-
ment properties of the scale or an alternate, psychometri-
cally sound short form version of the scale. EFA resulted
in a 9-item, 3-factor IKDC-SKF short form (IKDC-SKF-9;
Appendix 1) supported by CFA and multi-group invariance
testing; however, the proposed model did not meet all rec-
ommended measurement criteria and did not pass longi-
tudinal invariance requirements. Due to potential concerns
with the identified 9-item version, subsequent 8-item
(3-factor; IKDC-SKF-8; Appendix 2) and 6-item (2-factor;
IKDC-SKF-6; Appendix 3) IKDC-SKF short forms (Appen-
dices 1 and 2) were also tested with CFA and invariance pro-
cedures.

FACTOR STRUCTURE

The IKDC-SKF has been reported to have a unidimen-
sional3>37 and a multidimensionall:8:33 factor structure
with different items in the final models. Study methodology
differences may contribute to the inconsistent findings as
differences in samples (e.g., size, respondent population
[e.g., healthy,!2 ACL injury,!-34]) and analysis methodolo-
gies (e.g., EFA/CFA,33 PCA,32 Bayesian SEM,! Rasch,!%34
factor and item retention criteria) exist between studies.
For example, our study included a large, heterogenous sam-
ple of patients who had undergone arthroscopic knee surg-

eries, while others have included smaller samples, healthy
respondents, 2 or focused on different patient populations
(e.g., ACL reconstruction,1:34 meniscal lesions,*> various
patient pathologies32.33-37), Research!-8:33 using more con-
temporary and recommended factor analysis measurement
techniques has generally supported a multidimensional
structure; however, evidence exists to suggest structural va-
lidity and model fit could be improved with further item re-
duction.812,34

Three-dimensional and two-dimensional factor struc-
tures that exceeded most recommended contemporary fit
criteria were identified.294! The retained solutions in-
cluded fewer items than those found in prior research on
the IKDC-SKF.1:8:33 Removing items with poor fit (e.g.,
cross-loadings, item redundancy) or poor design (e.g., item
structure, item reading level, etc.) can improve internal
consistency and scale structure, while also reducing re-
sponse burden with a more concise instrument.20,38:43 The
proposed short form versions improved model precision
and scale structure without losing much of the information
captured with all 18 items. Despite using nine or fewer
items, scores on the short form versions accounted for 79%
(r =.889), 84% (r = .919), and 85% (r = .924) of the variance
in scores on the 18-item original IKDC-SKF with the 6-, 8-,
and 9-items, respectively. Our correlational findings are in
line with prior research using similar procedures to produce
short-form versions of previously established PROMs#3:44
and indicate the newly proposed models capture similar
enough information to warrant use in comparison to the
original scale. One concern, however, was the identification
of an internal consistency value (0.76) for the ADLs con-
struct that is outside of the preferred 0.80 to 0.90 range
for scale development.!517 Thus, the ADLs construct may
not have the preferred precision for assessing the construct;
however, scale design recommendations caution against
using constructs with fewer than three items.2,21,46 Fyture
work may be recommended to alter or add items to measure
the ADLs construct more precisely. Until that time, re-
searchers and clinicians should be aware that this construct
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does not meet the strictest contemporary recommenda-
tions for internal consistency.

MULTI-GROUP INVARIANCE TESTING

This study is the first to perform multi-group invariance
testing with the IKDC-SKF. Multi-group invariance testing
helps to ensure the association between the items and di-
mensions are stable between groups, which supports scale
validity and allows for an instrument to be used to assess
group differences (e.g., group mean differences in older in-
dividuals compared to younger individuals would be out-
side scale measurement error).2%21,25 Both the 9-item and
6-item IKDC-SKF short form versions in this study were
found to be invariant across configural, metric, and scalar
models for sex and age groups, indicating the short form
models have sound measurement properties across the
tested groups. Thus, researchers and clinicians could use
these versions of the scale to assess differences among
these groups. The findings also allow for substantive test-
ing of whether variances or means are equal between
groups, which can also support scale validity.29,21

The current multi-group findings could provide theoret-
ical support for the validity of the two short form versions if
the findings align with expectations based on the literature.
For example, widespread pain, which often includes long-
standing knee pain, is more common in patients over 50
years of age,*’ and self-reported knee pain has been found
to be higher in people over the age of 40 compared to those
under the age of 40.48 Additionally, OA, a leading diag-
nosis and cause of disability in older populations, 4950 has
a higher prevalence and more radiographic signs with in-
creases in age and population longevity,>! with those over
the age of 45 accounting for over 98% of total knee arthro-
plasties.52 Further, the presence of all types of knee abnor-
malities (e.g., osteophytes, cartilage damage, ligamentous
damage, OA) has been found to increase with age,>3 and it
has been reported that 85% or more of patients 50 years
of age or older demonstrate articular cartilage changes to
at least one knee compartment compared to 32% of pa-
tients between the ages of 20 to 29 years of age and 13%
of patients 20 years or younger.>4 Researchers have also in-
dicated knee functional difficulties increase with age.55-58
Gradual functional deterioration was found across the lifes-
pan on the Knee Injury and Osteoarthritis Outcome Score
(KOOS) and reported functional impairment was more ap-
parent with functional tasks of greater difficulty (e.g., sport
and recreational functional activities) across adults aged
18-84.59 Similarly, Baldwin et al. reported group mean
score differences across age groups (e.g., 18 to 29 years, 30
to 39 years, 40 to 49 years, 50 to 59 years), with consistent
findings of less knee impairment on the pain, ADL, sport/
recreation, and quality of life constructs of the KOOS for
those under 40 years of age.4® Thus, if the proposed IKDC-
SKF short forms are measuring the intended constructs, it
would be expected to find similar patterns in our multi-
group invariance results (e.g., higher levels of impairment
in the older age groups in our sample).

The proposed models were able to identify age group
differences at initial examination: statistically significant

group differences were found across age groups for the
6-item and 9-item solutions. Specifically, the middle age
(41-65 years of age) group had lower means (i.e., more im-
paired knee health) than the other younger age groups (i.e.,
early adult, emerging adult, youth) at baseline (i.e., pre-
arthroscopic surgery). Additionally, the early adulthood
(26-40 years of age) group had a lower mean score for the
ADL construct than the youth and emerging adult groups.
The middle age group reporting greater impairment across
all three factors (i.e., ADLs, Activity Level, Athletic Activity)
than the three younger age groups align with expectations
based on KOOS findings#3:5% and expectations for func-
tional impairment across the life span.48:55-59 Similarly, the
early adult age group reporting greater impairment in the
Activity Level factor but similar mean scores for ADLs with
younger age groups also aligns with expectations based on
the literature.48:55-59 The lack of a statistically significant
difference for the Athletic Activity construct might be ex-
plained by the final items included in that construct; how-
ever, prior KOOS Sport/Recreation construct findings indi-
cate meaningful age group differences were not found until
after 40 years of age for items assessing this type of con-
struct.48:59 Finally, statistically significant differences were
not found between the emerging adult and youth groups,
which aligns with prior KOOS findings#3:59 and expecta-
tions for the presence of knee pathological changes being
less likely to have occurred this early in the lifespan.51,55,
54 A weakness of our results, however, is the low number
of responses (n = 30) in the older adult (66 years of age or
older) group, which prevented us from including this group
in the multi-group analyses of the 6- and 9-item short form
versions. It would be valuable to confirm that similar group
differences are found in older or elderly populations. Sim-
ilarly, it would be valuable to conduct this analysis across
different pathology groups (e.g., total knee arthroplasty pa-
tients vs. arthroscopy patients) to ensure the scale has the
necessary measurement properties to assess groups differ-
ences based on pathology and if greater levels of diagnosed
pathology results in greater reported knee health impair-
ment on the proposed short forms.

LONGITUDINAL INVARIANCE TESTING

To the authors knowledge, this study is also the first to as-
sess longitudinal invariance of the IKDC-SKF or proposed
short forms. Longitudinal invariance testing is valuable be-
cause it allows for the determination of whether the items
and dimensions are stable across time, which supports
scale validity and allows for an instrument to be used to
assess change over time.2%:21,25 We found that the 6-item
IKDC-SKF short form was invariant across time based on
the configural, metric, and scalar model findings. The
9-item IKDC-SKF short form was not invariant across time,
and further analysis revealed item #15 exhibited bias. Fol-
low-up analysis indicated that the remaining items (i.e.,
9-item IKDC-SKF short form except for item #15; 8-item
IKDC-SKF short form) and factor structure were invariant
across time. The findings allow for the assessment of score
change over time to determine when and where patient
reported improvement occurred following arthroscopic
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surgery on the 6- and 8-item short form versions. Finding
expected improvement over time would support scale va-
lidity, while also indicating whether patients perceived im-
provements in their condition across time.20,21,25

In this study, individuals reported the lowest scores (i.e.,
greatest impairment in knee health) at baseline and the
highest scores (i.e., lowest knee impairment) at 12-months
post-surgery. The score improvements were statistically
significant for all latent means (e.g., Activity Level, ADLs)
at 3-, 6-, and 12-months post-surgery except Activity Level
at three months post-surgery across the 6- and 8-item ver-
sions of the scale. The current findings indicate patients re-
ported statistically significant improvements across all di-
mensions six months post-surgery and the improvements
were maintained at 12-months post-surgery. The longitudi-
nal findings were consistent across both the 6- and 8-item
short form versions of the IKDC-SKF. Thus, the two ver-
sions of the scale identified patient-reported improvement
across the measured latent constructs across time similarly.

The current findings support scale validity as the results
are consistent with what we would expect for individuals
recovering from surgery. Specifically, patients in the re-
habilitation process would be expected to report improve-
ments across items intended to measure how the prior in-
jury impaired the previously measured constructs (i.e.,
Activity Levels, ADLs, and Athletic Activities) because the
patient should experience health status improvement (e.g.,
decreased pain, increased ROM, increased strength) after
surgery through a combination of treatment effectiveness,
natural healing, and placebo. We would also expect to find
that improvements in certain constructs (e.g., Activity
Level) might not occur as quickly as other constructs (e.g.,
ADLs) because patients may have activity/rehabilitation re-
strictions or more substantial pathology that may slow im-
provements in specific constructs; however, the authors
would also expect to then see significant improvements in
those dimensions at later time points that are in line with
the improvements found across the other constructs over
time.

Thus, the current findings support the use of the 6-
and 8-item IKDC-SKF short-form versions: sound measure-
ment properties were demonstrated and theoretical sup-
port (e.g., patient-perceived improvements match expecta-
tions for the recovery process of the included patients in
our study) was found. These results also provide support
for clinicians who want to use the short form versions of
the IKDC-SKF (i.e., 6- and 8-item versions) to measure
change across time. The 9-item short form could be used
with caution to assess change across time because it did not
meet the strictest criterion for longitudinal invariance due
to one problematic item. However, it is also important to
note limitations with the 3-dimensional solutions: 1) paral-
lel analysis better supported a 2-dimensional factor struc-
ture once problematic items had been removed; and 2) the
Athletic Activities factor in the 8-item IKDC-SKF short form
only contained two items and three to five items per factor
has been recommended.20:46,:60 Clinicians and researchers
should consider summary of findings when deciding which
version of the IKDC-SKF to use within their clinical practice

or research; however, the 6-item IKDC-SKF likely has the
greatest measurement support for its use across various re-
search and clinical practice scenarios. Further scale devel-
opment work is needed to develop items to accurately cap-
ture the desired information of the Athletic Activities factor
and truly support a 3-dimensional IKDC-SKF factor struc-
ture.

LIMITATIONS AND FUTURE RESEARCH

While the current study included the use of contemporary
analysis procedures on a large, diverse sample of patients,
it does have limitations. First, the data set did not include
information on the type of knee pathology or procedure
performed. One of the preconditions for a viable IKDC-SKF
instrument is that the model is stable over a variety of
knee pathologies. Without the relevant demographic infor-
mation, we were unable to conduct multi-group invariance
tests by pathology or intervention type. Additionally, our
sample had a small sample of patients classified in the older
age (66 years or older) group, which prevented their in-
clusion in the multi-group age analysis. Further, responses
to all 18-items were used to produce short-form versions;
while the analysis processes used are common for instru-
ment refinement, it is possible that respondents were in-
fluenced by items not included in the final models. Addi-
tional psychometric analyses could also be conducted; for
example, the new models could be tested against a criterion
standard scale to support validity, Rasch analysis (e.g., per-
son differentiation) could be performed, and responsive-
ness (e.g., minimal clinically important difference [MCID]
values) and test-retest reliability of the new models could
be assessed. Finally, as this PROM was delivered via email,
potential response biases could have affected results and it
was not possible to examine if completion mode (i.e., paper
or electronic) influenced results.

Future analysis should include multi-group invariance
testing in older populations, while also examining the
multi-group invariance properties across pathology or in-
tervention groups. Further, researchers should examine the
structural validity of the scale in different respondent
groups who only answer the short form versions of the
scale, while also incorporating additional items to measure
the Athletic Activities factor more effectively. In addition to
confirming the measurement properties of the short form
versions, these analyses could provide insight into whether
the 6-item short form may have other psychometric con-
cerns (e.g., ceiling effects) when used in certain populations
(e.g., competitive athletes) that could be resolved by devel-
oping an effective 3-dimensional scale. Finally, future re-
search should also work to establish the test-retest reliabil-
ity, responsiveness (e.g., MCIDs), and criterion validity of
the short form versions.

CONCLUSION

The EFA and CFA resulted in short form versions of the
IKDC-SKF that exceed contemporary fit recommendations.
The identified models present as plausible alternatives to
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the IKDC-SKF as the original item pool was reduced by
more than 50%, but the short forms still accounted for
most of the variance in participant responses on the IKDC-
SKEF. Further, the 6- and 8-item IKDC-SKF short forms met
all criteria for applied multi-group and longitudinal invari-
ance tests, which indicates the scales may be used to as-
sess group differences or change across time. The overall
analysis indicated the short form versions of the IKDC-SKF
were structurally valid alternatives to the IKDC-SKF with
improved measurement properties, reduced scale response
burden, and evidence to support the assessment of patient
improvement across time.
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APPENDICES

APPENDIX 1: INTERNATIONAL KNEE DOCUMENTATION
COMMITTEE — SUBJECTIVE KNEE FORM: SHORT-FORM
9

INTERNATIONAL KNEE DOCUMENTATION COMMITTEE —
SUBJECTIVE KNEE FORM

SHORT-FORM 9

1. What is the highest level of activity that you can per-
form without significant knee pain?

4[ ] Very strenuous activities like jumping or pivoting
as in basketball or soccer

3[_] Strenuous activities like heavy physical work, ski-
ing or tennis

2[ ] Moderate activities like moderate physical work,
running or jogging

1] Light activities like walking, housework or yard
work

0[_] Unable to perform any of the above activities due
to knee pain

2. What is the highest level of activity you can perform
without significant swelling in your knee?

4[] Very strenuous activities like jumping or pivoting
as in basketball or soccer

3[_] Strenuous activities like heavy physical work, ski-
ing or tennis

2[ ] Moderate activities like moderate physical work,
running or jogging

1[_] Light activities like walking, housework, or yard
work

0[] Unable to perform any of the above activities due
to knee swelling

3. What is the highest level of activity you can partici-
pate in on a regular basis?

4[] Very strenuous activities like jumping or pivoting
as in basketball or soccer

3[_] Strenuous activities like heavy physical work, ski-
ing or tennis

2[ ] Moderate activities like moderate physical work,
running or jogging

1] Light activities like walking, housework or yard
work

0[] Unable to perform any of the above activities due
to knee

4. How does your knee affect your ability to:

Not Minimally Moderately Extremely Unable
difficult difficult difficult difficult todo
atall
a. Goup 4] 3] 2] 1] o]
stairs
b. Squat 4] 3] 2] 1] o]
[ Sit with 4] 3] 2] 1] o]
your knee
bent
d. Run 4] 3] 2] 1] o]
straight
ahead
e Jump and 4] 3] 2] 1] o]
land on
your
involved
leg
f. Stop and 4] 3] 2] 1] o]
start
quickly

APPENDIX 2: INTERNATIONAL KNEE DOCUMENTATION
COMMITTEE — SUBJECTIVE KNEE FORM: SHORT-FORM
8

INTERNATIONAL KNEE DOCUMENTATION COMMITTEE —
SUBJECTIVE KNEE FORM

SHORT-FORM 8

1. What is the highest level of activity that you can per-
form without significant knee pain?

4[] Very strenuous activities like jumping or pivoting
as in basketball or soccer

3[_] Strenuous activities like heavy physical work, ski-
ing or tennis

2[ | Moderate activities like moderate physical work,
running or jogging

1[ ] Light activities like walking, housework or yard
work

0[] Unable to perform any of the above activities due
to knee pain

2. What is the highest level of activity you can perform
without significant swelling in your knee?

4[ ] Very strenuous activities like jumping or pivoting
as in basketball or soccer

3[_] Strenuous activities like heavy physical work, ski-
ing or tennis

2[ ] Moderate activities like moderate physical work,
running or jogging

1] Light activities like walking, housework, or yard
work

0[_] Unable to perform any of the above activities due
to knee swelling

3. What is the highest level of activity you can partici-
pate in on a regular basis?

4[] Very strenuous activities like jumping or pivoting
as in basketball or soccer

3[_] Strenuous activities like heavy physical work, ski-
ing or tennis

2[ | Moderate activities like moderate physical work,
running or jogging
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1] Light activities like walking, housework or yard
work

0[_] Unable to perform any of the above activities due
to knee

4. How does your knee affect your ability to:

Not Minimally Moderately Extremely Unable
difficult difficult difficult difficult todo
atall
a. Goup 4] 3] 2] 1] o]
stairs
b. Squat 4] 3] 2] 1] o]
c. Sit with 4] 3] 2] 1] o]
your knee
bent
d. Jump and 4] 3] 2] 1] o]
land on
your
involved
leg
e Stop and 4] 3] 2] 1] o]
start
quickly

APPENDIX 3: INTERNATIONAL KNEE DOCUMENTATION
COMMITTEE — SUBJECTIVE KNEE FORM: SHORT-FORM
6

INTERNATIONAL KNEE DOCUMENTATION COMMITTEE —
SUBJECTIVE KNEE FORM

SHORT-FORM 6

1. What is the highest level of activity that you can per-
form without significant knee pain?

4[ ] Very strenuous activities like jumping or pivoting
as in basketball or soccer

3[] Strenuous activities like heavy physical work, ski-
ing or tennis

2[ ] Moderate activities like moderate physical work,
running or jogging

1] Light activities like walking, housework or yard
work

0[] Unable to perform any of the above activities due
to knee pain

What is the highest level of activity you can perform
without significant swelling in your knee?

4[] Very strenuous activities like jumping or pivoting
as in basketball or soccer

3[] Strenuous activities like heavy physical work, ski-
ing or tennis

2[ | Moderate activities like moderate physical work,
running or jogging

1] Light activities like walking, housework, or yard
work

0[_] Unable to perform any of the above activities due
to knee swelling

What is the highest level of activity you can partici-
pate in on a regular basis?

4[] Very strenuous activities like jumping or pivoting
as in basketball or soccer

3[_] Strenuous activities like heavy physical work, ski-
ing or tennis

2] Moderate activities like moderate physical work,
running or jogging

1] Light activities like walking, housework or yard
work

0[] Unable to perform any of the above activities due
to knee

How does your knee affect your ability to:

Not Minimally Moderately Extremely Unable
difficult difficult difficult difficult todo
atall
Goup 4] 3] 2] 1] o]
stairs
Squat 4] 3] 2] 1] o]
Sit with 4] 3] 2[] 1] o]

your knee
bent
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