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Abstract
Study Desigh—Secondary analysis, pre-treatment:post-treatment observational study.

Objective: C—ompare the reliability and responsiveness of the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC), the Knee Outcome Survey-Activities of Daily
Living Scale (ADLS), and the Lower Extremity Functional Scale (LEFS) in individuals with knee
osteoarthritis (OA).

Background—The WOMAC is the current standard in patient-reported measures of function in
patients with knee OA. The ADLS and LEFS have been designed for potential use in patients with
knee OA. If the ADLS and/or LEFS are to be considered viable alternatives to the WOMAC in
measuring patient-reported function in individuals with knee OA, then they should have
measurement properties that are comparable to the WOMAC. It would also be important to
determine whether either of these instruments may be superior to the WOMAC in terms of
reliability or responsiveness in this population.

Methods—Data from 168 subjects with knee OA who participated in a rehabilitation program
were used in the analyses. Reliability and responsiveness of each outcome measure were estimated
at 2, 6, and 12 month follow-up time points. Reliability was estimated by calculating the intraclass
correlation coefficient (2,1) for subjects who were unchanged in status from baseline at each
follow-up time point, based on a global rating of change score. To examine responsiveness, the
standard error of the measure (SEM), minimum detectable change (MDC), minimum clinically
important difference (MCID), and the Guyatt responsiveness index (GRI) were calculated for each
outcome measure at each follow-up time point.

Results—All 3 outcome measures demonstrated reasonable reliability and responsiveness to
change. Reliability and responsiveness tended to decrease somewhat with increasing follow up
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time. There were no substantial differences between outcome measures for reliability or any of the
3 measures of responsiveness at any follow-up time point.

Conclusions—The results do not indicate that one outcome measure is superior to another with
regards to reliability and responsiveness when applied to subjects with knee OA. We believe all 3
instruments are appropriate outcome measures to examine change in functional status of patients
with knee OA.
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INTRODUCTION

Patient-reported outcome measures are commonly used to assess symptoms, functional
status, or change in disability as a result of treatment in patients with knee osteoarthritis
(OA). The current standard disease specific instrument for knee and hip OA is the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC).1523 The WOMAC is a
self-reported instrument that includes 24 questions divided into 3 sections; pain (5
questions), stiffness (2 questions), and physical function (17 questions). The pain category
assesses pain elicited during activities of daily living (ADL), while the stiffness category
assesses the amount of stiffness elicited after staying in certain positions and the time of day
it is experienced. The physical function category measures the patients’ ability to perform
certain activities including; going from sit to stand, walking, stair negotiation, putting on
socks, etc. The WOMAC is scaled using either a 10 cm visual analog scale (VAS), or 5
point Likert Scale (0-4).4:23:26 The WOMAC total score is determined by combining the
scores from all three sections (range: 0-240 for VAS scale, 0-96 for 5 point Likert scale
version). Higher scores represent greater problems with pain and function. It has been well
documented that the WOMAC is reliable, valid, and responsive to change in patients with
hip and knee OA.4:6.7.26

Other patient-reported instruments have also been used as a means of assessing functional
status in patients with knee OA. Two of these are the Knee Outcome Survey-Activities of
Daily Living Scale (ADLS) and the Lower Extremity Functional Scale (LEFS). The ADLS
is a 14 item knee specific patient-reported measure that can be used to assess functional
status in patients with a variety of knee disorders, including knee OA.13:20 |t consists of 14
questions devised to ascertain limitations in daily activity imposed by symptoms such as
pain, swelling, and instability (6 questions), and difficulty performing functional activities
such as walking, going up and down stairs and raising from a chair (8 questions).13 The
ADLS score ranges from 0-100 with higher scores representing better function. Individual
items are scored using a 6-point system similar to the Likert Scale. Although it has been
shown to be reliable, valid, and responsive in patients with a variety of knee conditions,
including knee OA, 1317 a thorough examination of these properties specifically for use in
individuals with knee OA has not been reported.

The Lower Extremity Functional Scale (LEFS) is a region specific patient-reported measure
of function that can be used to assess functional status in patients with a variety of lower
extremity disorders, including knee OA.> The LEFS consists of 20 questions designed to
assess the degree of “difficulty” of specific functional tasks. It is a 5-point Likert like scale
(O=extreme difficulty, 4=no difficulty). The LEFS score ranges from 0 to 80 with higher
scores representing better function. Although the LEFS has been found to be reliable, valid,
and responsive in multiple populations with lower extremity dysfunction,>2%:28 similar to
the ADLS, a more in depth evaluation of these properties specifically in individuals with
knee OA is warranted.
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The purpose of this study is to report the reliability and responsiveness of the ADLS and the
LEFS in individuals with knee OA, and to compare these clinimetric properties to those for

the WOMAC. Given that the WOMAC is the current standard in patient-reported measures

of function in patients with knee OA, if the ADLS and/or LEFS are to be considered viable

alternatives for this population, reliability and responsiveness characteristics should at least

be comparable to those of the WOMAC.

The subjects included in this study were taking part in a randomized clinical trial studying
the effects of 2 different exercise approaches in people with knee OA.8 Subjects were
included in the study if they met the 1986 American College of Rheumatology clinical
criteria for knee OA® and had grade 11 or greater Kellgren and Lawrence radiographic OA of
the tibiofemoral joint.16 Subjects with only patellofemoral OA were excluded. Subjects were
also excluded if they could not safely participate in the treatment programs, had a history of
2 or more falls within the previous year, or were unable to ambulate 100 feet without the use
of an assistive device or rest break. Other exclusionary criteria included total knee
arthroplasty, uncontrolled hypertension, history of cardiovascular disease, history of
neurological disorders affecting the extremities, corticosteroid injection into the quadriceps
or patellar tendon within the past month or 3 within the past year, quadriceps or patellar
tendon rupture, patellar fracture, severe visual impairment, or pregnancy. All subjects signed
an informed consent approved by the University of Pittsburgh Institutional Review Board
prior to participating in the study.

One hundred and eighty three subjects, (122 females (67%) and 61 males (33%)), 63.9+8.8
years of age with an average body mass index of 30.5+6.5 were enrolled in the clinical trial.
Of these, only those with complete baseline data and complete questionnaire data for at least
1 follow up at 2 months, 6 months or 12 months were included in the analysis for the current
study. One hundred sixty eight subjects met this criterion. Complete data sets were
considered to be full completion of the ADLS, LEFS, WOMAC, and Global Rating of
Change (GRC) questionnaires at the time point of interest.

After completing baseline questionnaires (ADLS, LEFS, WOMAC), subjects participated in
12 sessions of a supervised exercise program conducted over 6 to 8 weeks, depending on the
subject’s schedule. The exercise program has been described in detail elsewhere and
consisted of lower extremity strengthening, stretching, aerobic, balance, and agility
exercises.® Follow up questionnaire data were collected at 2, 6, and 12 months after
enrollment in the study. Subjects also completed the GRC questionnaire at each of these
follow up time points. The GRC allows the subject to rate the extent to which they perceive
their condition has changed over time using a 15 level scale. The GRC ranges from 1(*a
very great deal better”), to 8 (“about the same”), to 15 (“a very great deal worse”). The GRC
was used as an external anchor to determine responsiveness.14

Statistical Analysis

Statistical analyses were performed using SPSS 16.0 and Microsoft Excel 2007. For the
WOMAC, we used the total score in the analysis. The LEFS and WOMAC scores were
transformed to a 0 to 100 scale so that higher scores for all outcome measures indicated
fewer symptoms and a high level of function. The ADLS data did not have to be
transformed. Change scores from baseline to each follow-up time point were calculated for
each patient-reported outcome measure in a manner that positive change scores indicated
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improvement. Outcome measures at each time point, as well as the change scores, were all
found to be normally distributed using the Shapiro-Wilk test and visual observation of
histograms.

Reliability—Test-retest reliability of each questionnaire was determined at each follow-up
time point by calculating intra-class correlation coefficients (ICC), using model (2,1) with
95% confidence intervals for those subjects who reported they had not changed based on the
GRC. We considered subjects unchanged if their GRC scores were 7 (“a tiny bit better
(almost the same)™), 8 (“about the same™), and 9 (“a tiny bit worse (almost the same)”).

Responsiveness—To investigate responsiveness, subjects were classified as improved or
not improved on the basis of the GRC score. Those with a GRC score between 1 (“a very
great deal better”) and 5 (“somewhat better”) were categorized as improved, and those with
scores between 6 (“a little bit better”) and 15 (“a very great deal worse”) were categorized as
not improved.

Internal Responsiveness—Internal responsiveness is usually measured within the
context of randomized trials or repeated measures designs, and its statistics are based on the
distribution of the data. Internal responsiveness was assessed for each measurement tool at
each time point. Three indices of internal responsiveness were calculated including the
standard error of the measurement (SEM), minimum detectable change (MDC), and
Guyatt’s responsiveness index (GRI).1012.27 The SEM was calculated to determine the
measurement error as follows; SEM=S,*V(1-ryy), where S, is the standard deviation at
baseline of the measurement tool from the total sample and ryy is the reliability coefficient
for that measurement tool.3 The SEMs are reported in the same units as the data for the
measurement tool, and is reflective of the instrument’s measurement precision.22:27 The
MDC was calculated as the amount of change needed to be certain, within a defined level of
statistical confidence, that change is beyond measurement error.18:21 The MDC was
calculated at the 90% and 95% level of statistical confidence: MDCgg =SEM*1.64*V(2),
and MDCgs =SEM,*1.96*V(2). The GRI was calculated as the ratio of mean change of
those improved divided by the standard deviation of change of those not improved.10.12

External Responsiveness—External responsiveness reflects the ability of an instrument
to detect a clinically meaningful change based on an external anchor. First, Spearman’s
correlation coefficient (rho) was calculated between change scores of each functional
questionnaire at each time point and the corresponding GRC score to determine the strength
of the relationship between the change for each patient-reported outcome measure and the
external anchor. Next, receiver operating characteristic (ROC) curves (and the area under
the curve (AUC) and associated 95% CI for the AUC) were generated for each outcome
measure at each time point. The ROC curve plots the sensitivity of the outcome measure on
the Y-axis and 1 minus the specificity of the outcome measure on the X-axis. Traditionally a
minimum clinically important difference (MCID) is identified by finding the point on the
ROC curve that maximizes both specificity and sensitivity. We used the Youden Index
(sensitivity+specificity-1) to identify this cut-point.1® The Youden Index is considered to be
a good quantitative estimate of a cut-point that maximizes correct classification and
minimizes incorrect classification when sensitivity and specificity are weighted equally.1?

The Youden Index described above is recommended when equal weight is given to
sensitivity and specificity in identifying a cut-point for an MCID.19 In some cases, clinicians
may be interested in maximizing specificity in identifying an MCID. Higher specificity
would indicate lower probability of falsely classifying someone as improved. Consequently
the MCID that has a high specificity is desirable to minimize falsely classifying someone as
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improved when they are not. Therefore, we also elected to identify the MCID that
maximized specificity by identifying the change score that had a specificity of 0.8 (or closest
to 0.8 in some cases) for differentiating between those subjects who perceived improvement
from those who perceived no improvement.

RESULTS

Reliability

Demographic data for the subjects included in the analyses are provided in Table 1. Table 2
provides descriptive statistics for the baseline and follow-up scores and change scores for
each measurement tool at each time point. Responsiveness assessments were based on the
data from 159 subjects at the 2 month time point, 153 subjects at the 6 month time point, and
142 subjects at the 12 month time point.

Reliability was based on the data from 26 subjects at the 2 month time point and 28 subjects
at the 6 month and 12 month time points who reported they had not changed based on the
GRC. The ICCs and their 95% confidence intervals are presented in Table 3. All of the
measurement tools had good reliability, with ICCs ranging from 0.75 to 0.93. The reliability
was higher when measured over a shorter period of time. As the time increased between
baseline and follow-up measures, the reliability generally decreased and the 95% Cls for the
reliability statistics were wider.

Internal Responsiveness

The SEM, MDC, and GRI for each measurement tool at each time point are displayed in
Table 3. The SEM for each tool ranged from 4.52 to 7.60 for the ADLS, from 6.35 to 8.17
for the LEFS, and from 5.09 to 7.21 for the WOMAC over the course of the study. There did
not appear to be one tool with a consistently larger or smaller SEM. As the length of follow-
up increased, the SEM for each outcome measure increased slightly, with the exception of
the LEFS for which the SEM for the 2 months and 6 months follow-up were similar. The
MDCs for the 90 and 95% Cls for all of the outcome measures followed a similar pattern to
the SEMs, increasing over time. In examining the point estimates and the 95% confidence
intervals of the GRI for each time point in Table 3, the point estimates for each instrument
are contained within the 95% confidence intervals between each instrument. Therefore there
does not appear to be a significant difference in responsiveness between the instruments at
any time point, based on the GRI.

External Responsiveness

At 2 months 65% of the subjects perceived themselves to be improved, based on the GRC
data. The percentage was 64% at 6 months and 57% and 12 months. Spearman’s Rho values
and the AUC are displayed in Table 3. Spearman’s Rho correlation coefficients ranged from
-.30 to -.53 indicating that the change scores on the outcome measures had small to
moderate correlations with the GRC. The Figure displays the ROC curve for the ADLS,
LEFS, and WOMAC at 2 months, and the AUC from each instrument was .71, .69, and .70
respectively. The ROC curves for 6 and 12 months were very similar in shape. The MCID
values using the Youden Index (method 1) and the specificity equal to .80 method (method
2) to identify the MCID are provided in Table 4.
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DISCUSSION

Reliability and Internal Responsiveness

To our knowledge, this is the first study to compare the reliability and responsiveness of the
WOMAC, LEFS, and ADLS specifically in subjects with knee OA. We found each of these
patient reported outcome measures to have similar levels of reliability and responsiveness.

The reliability and responsiveness of each of the outcome measures decreased over time,
which is likely due to greater measurement error over time. As the length of follow-up
increased, the decreased reliability was concomittant with decreased measurement precision
as evidenced by larger SEMs and MDCs for all 3 instruments. The higher SEMs at
increasing time points from baseline indicate that over time a higher change score is needed
to reliably detect a statistically meaningful change, which is probably a function of both a
decrease in the ICC and an increase in the variability of the scores. This pattern would hold
true for each of the outcome measures examined in this study. The increasing MDCs show
that as time progresses a larger change score is needed to be 90% and 95% confident that
true change has occurred. For example, the MDCgs of the WOMAC increases from 14.1at 2
months, to 15.0 at 6 months, and finally to 18.5 at 12 months. Greco et al,® performed a
study comparing the reliability and responsiveness of 4 outcome measures, one of which
was the WOMAC total score, in patients who had undergone surgery for articular cartilage
lesions of the knee. These authors found that as time increased from 6 months to 12 months
follow up the MDCgs for the WOMAC total score increased from 10.9 to 15.3.° This
demonstrates the importance of considering the time frame and patient population of the
study when choosing an MDC.

External Responsiveness

When using the ROC curve analysis to determine the MCID it is important to consider the
AUC when interpreting the results. The AUC represents the probability that the outcome
measure would be able to distinguish an individual who perceives improvement from an
individual who perceives no improvement. If the AUC is relatively small, then the
confidence one may have in the calculated MCID may be low, because it indicates a lower
level of ability for the change score in the outcome measure to accurately discriminate
between responders and non-responders based on the external anchor. Hosmer et al,11 have
reported criteria for classifying the AUC as a measure of the strength of the relationship
between the change score in the outcome measure and external anchor for discriminating
between responders and non-responders based on AUC values. An AUC between 0.7 and
0.8 demonstrates acceptable discrimination. An area between 0.8 and 0.9 demonstrates
excellent discrimination, and an area between 0.9 and 1.0 indicates outstanding
discrimination. The AUC for our data at all time points were all close to 0.7, which is
considered to be acceptable for finding a minimal clinically important difference.1! The
reason our AUCs were not higher is likely because our outcome measures were only
moderately correlated with the GRC.

Because the AUCs in our ROC plots were at the lower end of what could be considered
adequate discrimination of the outcome measures, the confidence in our calculated MCID
using the Youden Index is somewhat limited. As a result of this, we propose an alternative
which is to determine the MCID where specificity is equal to .80. We propose this
alternative to derive MCID values to allow researchers to decide which MCID they may
wish to select based on the intended use of the outcome measure. To illustrate this, consider
the MCID for the WOMAC for the 0 to 2 month follow-up period reported in Table 4. If a
clinician wanted to select an MCID that yielded the best combination of sensitivity and
specificity, they would select an MCID of 4, calculated using the Youden Index (method 1).

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2012 September 07.
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If, however, one wanted to have greater confidence in identifying patients who perceived
themself to be improved, a change score of greater than 8.8 calculated using the specificity
equal to .80 approach (method 2) might be considered. Method 1 has only reasonable
sensitivity and specificity, whereas method 2 has good specificity at the expense of low
sensitivity. The limitations of using the MCID values are reflected by the likelihood ratios
that are close to one. The positive likelihood ratios were at most 2.3, indicating that changes
above the MCID are somewhat limited in identifying subjects who improved.

Previous studies have determined the MCID of the same patient-reported measures used in
the present study. Angst et al 2 investigated the responsiveness of the WOMAC in subjects
with OA of the knee and hip. The MCID was the percent change in the WOMAC score
corresponding to a small change in a global rating scale 3 months after physical therapy
intervention. The MCID to show improvement was equal to a 17-22% change from
baseline.2 Tubach and colleagues?* derived the MCID for improvement in the WOMAC
function scale in subjects with knee OA after 4 weeks of non-steroidal anti-inflammatory
drugs. The MCID was the change score in which most subjects stated they had a good
improvement based on a 5 point Likert scale.24 The methods used in studies by Angst et al
and Tubach et al do not allow calculation of the accuracy of the MCID cut-off value to
detect patient perceived improvement. Accuracy can be determined by the sensitivity and
specificity of the MCID cut-off by using the ROC curve method. Watson et al?® determined
the MCID for the LEFS in adults with anterior knee pain following rehabilitation. They
reported the AUC to be .77, and a change of 12 points in the LEFS maximized sensitivity
and specificity (both at .67).2° Greco and colleagues® determined the MCID of the WOMAC
total score in patients with articular cartilage lesions of the knee that underwent surgical
repair. They reported the AUC to be .71, and MCID of 11.5 for both 6 and 12 months
follow-up. Sensitivity and specificity of the MCID values were .79 and .57 at 6 months,
and .84 and .55 at 12 months respectively.? Piva et al2? determined the MCID of the ADLS
in younger patients with patellofemoral pain following 2 months of rehabilitation to be 7.1,
with an AUC of .83, corresponding to both sensitivity and specificity of .78. Conceptually,
the MCID should be greater than the MDC so that one could be sure the change score was
beyond measurement error. We suggest that when the accuracy of the MCID is questionable,
and when the MDC is available, perhaps the use of the MDC may be more appropriate than
the use of MCID.

Stratford et al?2 compared responsiveness between the WOMAC physical function subscale
and the LEFS by examining the differences in standardized response means for the 2
instruments in subjects who had undergone total knee arthroplastic surgery. Measurements
were taken within 16 days after surgery and then greater than 20 days after the first post-
operative assessment. Both instruments were found to be responsive, however, there was no
evidence of superiority of one instrument over the other. Although the sample is slightly
different and the method of assessing responsiveness was different from our study, the
findings by Stratford et al?2 are similar to those reported in our study.

Because there are so many factors to be considered when determining the psychometric
properties of an outcome measure, providing the reader with multiple approaches may be
valuable. First, the reliability, SEM, and MDC should be reported to evaluate the tool’s
ability to accurately measure change. When considering external responsiveness using ROC
curves to determine a change which was meaningful to the patient it would be most helpful
to know the strength of the relationship between the outcome measure and the external
anchor, the AUC with its 95% CI, and the sensitivity and specificity of the MCID.
Preferably, multiple cut-offs of change should be presented to give a more comprehensive
understanding of the change seen in patients. The results of this study also support the
concept that the psychometric properties of a patient-reported outcome measure are not a
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fixed property of the outcome measure itself but rather an interaction between the patient-
reported outcome measure and the circumstances in which the outcome measure is used (i.e.
the patient population and intervention under study and the length of follow-up). As such,
clinicians and researchers should use the psychometric characteristics of a patient-reported
outcome measure that were established under the conditions that are most similar to the
conditions in which the outcome measure will be used.

There may be concern that because our analyses were performed on subjects participating in
a randomized trial and not on a broader, consecutively enrolled cohort of subjects with knee
OA, our results may not completely apply to the broader population of people with knee OA
across the entire disease spectrum. While this concern may be valid, Table 1 indicates that
our sample did include patients across all levels of radiographic severity, the gender
distribution is comparable to what is reported in epidemiological studies, and the mean age
and body mass index is consistent with patients with knee OA who are typically seen in
physical therapy clinics. The means for the function scores indicate moderate disability.
Although we did have some subjects with more severe and less severe disability, a broader
observation, such as would be provided in a broader longitudinal cohort study might yield
different results. Nevertheless, we believe our results can relate to most patients receiving
physical therapy for knee OA.

CONCLUSION

Based on the results of this study, the WOMAC, ADLS, and LEFS demonstrated similar
reliability and responsiveness to change in patients with knee OA. Therefore our study
indicates that all 3 outcome measures have similar psychometric properties when applied to
subjects with knee OA. We believe all 3 instruments are appropriate outcome measures to
examine change in functional status of patients with knee OA.
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Figure 1.

Receiver operating characteristic curves for the changes in Knee Outcome Survey Activities
of Daily Living Scale (ADLS), Lower Extremity Functional Scale (LEFS), and Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) for the 2 Month
Follow-up. Curves are generated from normalized data where 0 is the lowest and 100 is the
highest. Area under the curve for each instrument is as follows: ADLS=0.71, LEFS = 0.69,
WOMAC =0.70

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2012 September 07.



1duasnue Joyiny vd-HIN

Williams et al. Page 12

Table 1

Demographic information for subjects included in the analyses N=168

Variable Mean (SD) or Frequency (%)
Gender
Female 110 (65.5%)
Male 58 (34.5%)
Age,y 64.4 (8.7)
Body Mass Index, kg/m? 30.1(6.2)

Radiographic Severity
Tibiofemoral radiographs KL

Grade
1 1 (0.6%)
2 23 (13.7%)
3 83 (49.4%)
4 61 (36.3%)
Baseline ADLS (0-100) 68.3 (17.3)
Baseline LEFS (0-80) 52.3(13.2)
Baseline WOMAC (0-96) 27.0 (15.2)

KL Grade = Kellgren and Lawrence Grade
ADLS = Knee Outcome Survey Activities of Daily Living (higher score is better function)
LEFS = Lower Extremity Function Scale (Original scale, non-transformed, higher score is better function)

WOMAC = Western Ontario and McMasters University Osteoarthritis Index (Original scale, non-transformed, lower score is better function)
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