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Abstract

Background The WOMAC score is a validated outcome
measure for use in patients undergoing TKA. Defining
meaningful changes in the WOMAC score is important for
sample-size calculations in clinical research and for inter-
preting published studies. However, inconsistencies
among published studies regarding key definitions for
changes in the WOMAC score after TKA potentially could
result in incorrectly powered studies and the mis-
interpretation of clinical research results.
Questions/purposes (1) To identify the minimum clini-
cally important difference (MCID) for the total WOMAC
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score and its components 1 year after TKA using an anchor-
based methodology. (2) To define the minimum important
change (MIC) and the minimum detectable change with
95% confidence (MDC95) for the total WOMAC score and
its components 1 year after TKA.

Methods Between 2003 and 2013, 3641 patients un-
derwent primary TKA at one center. Of those, 460 patients
(13%) were excluded from this retrospective study for pre-
specified reasons (mainly secondary OA and bilateral sur-
gery), and 592 patients (16%) were either lost to followup or
could not be included because of incomplete questionnaires.
WOMAC scores were recorded preoperatively and at 1 year
postoperatively. Patient demographics and preoperative
Short Form-12 and WOMAC scores were no different for
the 16% of patients who were lost to followup or failed to
complete 1-year questionnaires and the study cohort (n =
2589). At 1 year, patients were asked “How much did the
knee replacement surgery improve the quality of your life?”
Their responses were recorded as: a great improvement,
moderate improvement, little improvement, no improve-
ment at all, or the quality of my life is worse. The MCID was
defined as the difference in the mean change in the WOMAC
score between patients with no improvement compared with
those with little improvement according to the anchor
question. The MIC was defined as the change in the
WOMAC score relative to the baseline score for patients
who reported a little improvement in their quality of life. The
MDC is the smallest change for an individual who is likely to
be beyond the measurement error of the scoring tool and
represents true change rather than variability in the scoring
measure; we report it with 95% confidence bounds defining
real change rather than variability in the scoring measure
(MDC95). We calculated this with distribution-based
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methods for the whole cohort. Patients recording a little
improvement (n = 211) and no improvement (n = 115) were
used as anchor responses to calculate the MCID (using
regression analysis to adjust for potential confounding var-
iables such as age, gender, BMI and preoperative Short
Form-12 or WOMAC scores) and the MIC (using receiver
operative characteristics curves).

Results After adjusting for confounding variables such as
age, gender, BMI as well as preoperative Short Form-12
and WOMAC scores, the MCID was 11 for pain, 9 for
function, 8 for stiffness and 10 for the total WOMAC score.
The MIC was 21 for pain, 16 for function, 13 for stiffness
and 17 for the total WOMAC score. The MDC95 was 23
for pain, 11 for function, 27 for stiffness and 12 for the total
WOMAC score.

Conclusions The MCID and MIC for the WOMAC score
represent the smallest meaningful effect sizes when com-
paring the outcome of two groups (difference in mean
change between the groups) or when assessing a cohort (a
change in score for the group) after TKA, respectively,
helping the reader to distinguish between a clinically im-
portant effect size and a mere statistical difference. We
determined that the error in measurement (based on the
MDC95) for the function component and total WOMAC
scores were less than the MIC, which suggests changes
beyond the MIC are clinically real and not due to un-
certainty in the score. These parameters are essential to
interpret TKA outcomes research and to ensure clinical
research studies are amply powered to detect meaningful
differences. Future studies using the WOMAC score to
assess TKA outcomes should report not only the statistical
significance (a p value) but also the clinical importance
using the reported MCID and MIC values.

Level of Evidence Level 111, diagnostic study.

Group Analysis

Introduction

The WOMAC [3], Knee Injury and Osteoarthritis Outcome
(KOOS) Score [23] and the Oxford Knee Score (OKS) [10]
are the most commonly employed patient-reported outcome
measures (PROMs) for assessing TKA outcomes [21]. The
WOMAC [3]is a validated patient-administered questionnaire
that assesses three components: pain, stiffness, and function
[31]. The WOMAC knee score is a joint-specific, subjective
patient assessment tool used to assess TKA outcomes [29]. A
search of PubMed using the terms “WOMAC”, “total”, and
“knee” illustrates an increasing use of the WOMAC to eval-
uate the outcome of TKA, resulting in double the number of
citations using the OKS and KOOS scores.

P values are often used to determine whether a change in a
scoring measure after TKA has occurred, but this metric does
not convey effect size. In addition, a “significant” p value may
be too small for a patient to notice or consider important [18].
Statistical terms help define meaningful changes in scores
(Fig. 1): minimum clinically important difference (MCID),
minimum important change (MIC), and the minimum de-
tectable change (MDC). The MCID is the minimum differ-
ence in the scoring measure that the patient perceives as
beneficial or harmful after treatment or a change in their health
status compared with those who perceive no change [2, 16,
17]. The MCID was defined as the difference in the mean
change in the WOMAC score between patients with “no”
improvement compared to those with “little” improvement
according to the anchor question (Fig. 1). The MIC is the
change in the scoring measure relative to the baseline score
for a group of patients who have perceived a small change in
their clinical state [2] and was defined as the change in the
WOMAC score relative to the baseline score for patients who
reported a little improvement in their quality of life (Fig. 1).

Individual Analysis
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Fig. 1 Diagrammatic representation shows how three meaningful changes are calculated

following an operative intervention.
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The MDC is the smallest change for an individual who is
likely to be beyond the measurement error or uncertainty of
the scoring tool and represents true change (Fig. 1) [2]. These
definitions are often used interchangeably and can cause
confusion [2, 9, 19]. Three previous studies have sought to
define the MCID in the WOMAC score after knee surgery.
Other studies seem to have defined the MIC [12, 13, 15],
which often is larger than the MCID, and so if used for
sample-size calculations risks, results in an underpowered
study. Another study used a simple “rule of thumb” method
(half the SD) to calculate the MCID [25], which is not ideal
since it is not derived from patient surveys but rather from data
distributions, and so it may not represent a perceptible change
as experienced by the patient. In addition, we are not aware of
any paper defining the MCID, MIC, and the MDC for the
components and total WOMAC score after TKA, or whether
the MCID is influenced by preoperative case-mix variables or
baseline functional scores.

The primary aim of this study was (1) to identify the
MCID for the total WOMAC score and its components 1
year after TKA using an anchor-based methodology. (2) To
define the MIC and the minimum detectable change with
95% confidence (MDC95) for the total WOMAC score and
its components 1 year after TKA.

Patients and Methods

Between 2003 and 2013, 3641 patients underwent primary
TKA at one center. Of those, we excluded 460 patients
(13%) from this retrospective study for prespecified rea-
sons (mainly secondary OA and bilateral surgery); an ad-
ditional 592 patients (16%) were either lost to followup or
could not be included because of incomplete ques-
tionnaires (Fig. 2). We excluded patients who underwent
simultaneous bilateral TKA, we excluded the second knee
from analysis in patients who underwent staged-bilateral
TKA, and we excluded patients who were diagnosed with
periprosthetic joint infection.

During the study period, 2589 patients underwent TKA
and had complete pre- and postoperative data that met the
inclusion criteria. This included 1187 men and 1402
women, with an overall mean age of 69 years (£ 10).

There were no differences in age (2.1 years, 95%
confidence intervals [CIs], -3.1 to 7.2; p = 0.96), gender
(odds ratio [OR] 0.9, 95% CI 0.8-1.1; p = 0.38), BMI
(0.8 kg/m?, 95% CI -2.8 to 4.4; p = 0.90), preoperative
Short Form-12 (SF-12) physical component summary
(PCS) (0.7 points, 95% CI -1.8 to 2.5; p =0.49) or mental
component summary (MCS) (0.5 points, 95% CI -1.1 to
2.1;p=0.71) or WOMAC pain (1.1 points, 95% CI -3.8
t0 6.0; p=0.77), stiffness (2.8 points, 95% CI -4.2t0 9.8;
p = 0.92), function (1.8 points, 95% CI -2.0 to 5.6; p =
0.82), or total (1.7 points, 95% CI -1.9 to 5.3; p = 0.60)

scores between those lost to followup and the study
cohort.

Outcomes Measured

We used the 3.1 version of the WOMAC preoperatively and 1
year postoperatively, which has been standardized in English
for a British population. It consists of 24 questions each an-
swered using a five-point Likert scale (none, mild, moderate,
severe, and extreme) [3]. The score can be reported as a total or
for three separate subscales assessing pain, physical function,
and stiffness. The pain subscale consists of five questions that
are each scored from 0 to 4, hence overall scores range from
0 (absent) to 20 (most). If a response was missing, we cal-
culated the average and then multiplied by 5 [5]. The func-
tional subscale consists of 17 questions that are each scored
from O to 4, and the overall score ranged from 0 (best) to 68
(worst). If there were three or fewer missing responses, we
calculated an average and multiplied by 17. The stiffness
subscale consists of two questions that are scored from 0 to 4,
and the overall score ranged from 0 (absent) to 8 (most).
Scores were considered invalid if more than one, more than
three, or any were missing from the pain, function, and stiff-
ness subscales, respectively. The scores were standardized as a
percentage in a reverse format consisting of a range from
0 (worst) to 100 (best) in accordance to current guidance [24].

The SF-12 is a 12-item self-assessment health ques-
tionnaire that evaluates overall generic physical health
(PCS) and mental health (MCS) [30]. The PCS and MCS
scores range from 0 (worst) to 100 (best). This score was
included to account for confounding variables of generic
physical and mental health, which have previously been
shown to influence PROMs after TKA [7, 8].

One year after TKA, we assessed quality of life im-
provement by asking “How much did the knee replacement
surgery improve the quality of your life?”” This was used as
the anchor question. A five-point Likert scale was used to
record the response to the question: a great improvement,
moderate improvement, little improvement, no improve-
ment at all, or the quality of my life is worse. This was used
as the anchor question to define a minimum clinically im-
portant effect, which is an established technique [9]. There
were greater improvements in the components and total
WOMAC scores with increasing level of improvement in
quality of life gained at 1 year (Table 1). In all, 211 patients
declared that they had little improvement, and 115 patients
had no improvement in their quality of life.

MCID

The MCID was defined as the difference in the mean
change in the WOMAC score between patients with “no”
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STROBE Flow Diagram

[ Enrollment ]

Enroliment TKA
(n =3641)

[ Allocation ]

[ Followup ]

[ Analysis ]

| (n =460, 12.6%)

| Lost to Followup

______, | Incomplete Questionnaire

Excluded

" Secondary OA (n = 51)
“ Simultaneous Bilateral (n = 39)
" Staged Bilateral (n = 370)

(n=222,6.1%))

“ Revised Before 12 Months
(n=37)

“ Did Not Return Questionnaire
(n=185)

(n=370,10.2%):
" Preoperative (n = 64)
" 12 Months (n = 3086)

Study Cohort
(n =2589)

Fig. 2 STROBE flow diagram demonstrates the enroliment of patients, exclusion, and loss to

followup for the study cohort.

improvement compared with those with “little” improve-
ment according to the anchor question. This value was
calculated as the difference in the mean change in the
components and total WOMAC scores for patients who
defined their quality of life as having had no improvement
with those who reported little improvement on the patient-
reported anchor question. The no improvement group was
defined as the baseline, and using the anchor question the
minimum difference would relate to the next available
group, which is patients with little improvement [9]. We
used linear regression analysis to adjust for potential pre-
operative confounding variables (age, gender, BMI, and

{J:J?@Wolters Kluwer

preoperative WOMAC score) to identify the MCID for the
components and total WOMAC scores [1].

MIC

The MIC was defined as the change in the WOMAC score
relative to the baseline score for patients who reported little
improvement in their quality of life according to the anchor
question. We used receiver operating characteristic (ROC)
curve analyses to identify thresholds for the change in the
components and total WOMAC scores that predicted
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Table 1. Change in the components and total WOMAC score according to the perceived level of improvement in quality of life 1 year

after TKA for the study cohort (n = 2589)

Improvement in quality of life

Variables Great Moderate Little No Worse p value*
Patients (number, %) 1583 (61.1) 613 (23.7) 211 (8.1) 115 (4.4) 67 (2.6)

WOMAC (%, mean = SD)

Pain 52+ 20 39 =20 29 = 22 18 £ 19 15 * 22 < 0.001
Function 45 19 295+ 183 219 * 17 119 =15 7*19 < 0.001
Stiffness 42 * 25 27 + 23 18 * 22 115 *19 7 * 27 < 0.001
Total 46 = 18 31 =17 23 =17 13.0 = 14 8*19 < 0.001

*ANOVA = analysis of variance.

patients with a little improvement compared with those
with no improvement. The area under the ROC curve
ranges from 0.5, indicating a test with no accuracy, to 1.0,
which is an accurate test. The threshold is equivalent to the
point (WOMAC score) at which the sensitivity and speci-
ficity are maximal in predicting a little improvement [14].

MDC95

We used a distribution method based on the standard error
of measurement to calculate the MDC95. The 95 signifies
that with a 95% CI, a change greater than this is real and not
due to intrinsic variability on the WOMAC score. One
method of calculating this 95% CI is to use the standard
error of measurement, which is the range in which a
patient’s true score lies (that is, the error associated with the
measuring tool used). The standard error of measurement is
calculated using the SD and the reliability of the measuring
tool: standard error of measurement = SD x \/ 1-reliability.
We used Cronbach’s alpha to calculate the reliability of the
components and total WOMAC scores using the scores for
each individual question. Acceptable reliability values of
the alpha are thought to range from 0.70 to 0.95 [26]. The
MDC was then calculated by multiplying the standard error
of measurement by \/ 2 (representing two separate occa-
sions in which to measure change). The MDC was then
multiplied by a z value representing the chosen CI, and
for a 95% CI this value is 1.96, hence: MDC95 = standard
error of measurement x \/ 2 x 1.96.

Statistical Analysis

We used the Statistical Package for Social Sciences version
17.0 (SPSS Inc, Chicago, IL, USA) for all data analysis. Data
was assessed for normality and parametric tests were appro-
priate. Linear variables were assessed using either an unpaired
Student’s t-test, or a one-way ANOVA with correction for
multiple testing (Bonferroni). We used a chi-square test to

assess gender differences between groups. To adjust for con-
founding variables influencing the MCID, linear regression
analysis (enter methodology was used—forced entry—of all
variables) was used identify the actual MCID. Multiple im-
putation used the assigned random WOMAC scores and level
of improvement in quality of life after surgery for those lost to
followup (16%). Significance was set as a p value of < 0.05.

Ethics

The institutional review board at our center did not require
ethical approval because the collected data was deemed to be
part of service evaluation. The arthroplasty database is regis-
tered with our institution’s audit department (Newcastle
Hospitals NHS Foundation Trust, Newcastle upon Tyne, UK,
Project Record Number 3290). The data collection was carried
out in accordance with the General Medical Council guide-
lines for good clinical practice and the Declaration of Helsinki.

Results
MCID

There was no substantial difference in the case-mix varia-
bles and preoperative functional scores between patients
who had little and no improvement in their quality of life
(Table 2). After adjusting for confounding variables (age,
gender, BMI, WOMAC and SF-12 scores) between the
groups (little and no improvement) the MCID ranged from
8 for stiffness to 11 for pain. Multiple imputation for
patients lost to followup increased the MCID to 12 points
for the total WOMALC score in the regression model.

MIC

The ROC curve analysis differentiated patients who had a
little improvement from those who had no improvement
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Table 2. Demographic case-mix variables and preoperative functional scores according to group

95% Cl
Case-mix variables Little No Differe_nce/odds
(n=211) (n=115) ratio (OR) Lower Upper p value*
Age, years (mean = SD) 68 £ 11 68 = 10 0.1 difference -24 25 0.98
Sex, number (%) Male 90 (43) 71 (62) 0.83 OR 0.52 1.33 0.44"
Female 121 (57) 44 (38)
BMI, kg/m? (mean =+ SD) 316 31£6 0.2 difference -13 14 0.97
WOMAC, % (mean = SD)
Pain 31+ 16 31 =19 0.1 difference -3.9 40 0.97
Function 31+ 15 32+18 0.4 difference -3.1 39 0.81
Stiffness 35+ 20 33 +18 1.1 difference -33 5.5 0.62
Total 31+ 15 32+16 2.3 difference -3.2 36 0.90
SF-12 (mean = SD)
PCS 26 +7 26 + 74 0.2 difference -14 1.8 0.77
MCS 43 + 13 42 14 1.4 difference -1.6 45 0.36

*Student’s t-test unless otherwise stated.

tchi-square test; Cl = confidence interval; BMI = body mass index; PCS = physical component summary; MCS = mental component

summary.

(Fig. 3). The MIC (threshold with maximal specificity and
sensitivity) ranged from 13 for stiffness to 21 for pain
(Table 3). The MIC for the total WOMAC score was 17,
however after multiple imputation for patients lost to fol-
lowup this increased the MIC to 20 using the ROC curve
analysis.

MDC95

The functional component and total WOMAC scores were
the most reliable measures with a Cronbach’s alpha of
greater than 0.9 (Table 3). The MDC95 ranged from 11 for
function to 27 for stiffness (Table 3). The MDC95 for the
total WOMAC score was 12.

Discussion

Patients do not perceive statistical differences, they per-
ceive effect sizes. The MCID defines the smallest im-
provement that a patient would describe as clinically
important, and should be an important metric that readers
and clinician-scientists consider when they evaluate ther-
apeutic claims in clinical research studies [18]. By contrast,
the MIC defines the smallest change in health status that a
patient would perceive, and the MDC95 ensures that the
tool being used to measure MCID and MIC can do so
reliably. To our knowledge, this is the first study to define
the MCID and MIC for the WOMAC score using an
anchor-based method after TKA. The MCID for the total
WOMAC score was 10, the MIC was 17 and the MDC95
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was 12. Using these defined values, we can state that a 10-
point (or more) difference between two groups or a 17-
point (or more) improvement in the WOMAC for a cohort
of patients (from before an intervention to after that in-
tervention) is perceived by the patient. The MDC95 of 12
demonstrates that the 17-point MIC is measurable using the
WOMAC score since the MDC95 is smaller than the MIC.

The major limitation of this study was the fact that we
lost 592 patients (16%) to followup. We attempted to
assess the influence of the missing data using multiple
imputation; however, this increased the MCID and MIC
by 2 to 4 points. This was due the random assignment of
group (quality of life) and WOMAC score, which is an
accepted technique when assessing an overall mean score.
This study assessed the difference between two small
subgroups (little [8%] and no [4%] improvement in
quality of life) to define the MCID and MIC. However,
assigning random WOMAC scores and subgroups for the
592 patients (16%) lost to followup resulted in an increase
in the MCID and MIC values due to the overall greater
mean scores in patients with moderate and great im-
provement. The aim of this study was to define the
“minimum” values for the MCID and MIC, and as such,
the values calculated for the cohort, before adjusting for
loss to followup, achieve this goal. There were no dif-
ferences in patient demographics or preoperative scores
(WOMAC and SF-12) between those lost to followup and
the study cohort. In addition, using the anchor-based
methodology to define the MCID and MIC should not be
influenced by loss to followup, as we assessed the re-
lationship between specific responses to the anchor
question and the WOMAC scores.
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Another major limitation was the use of a quality-of-life
anchor question to define the pain, function, and stiffness
components of the WOMAC. In retrospect, these may have
been better defined if we had used different anchor ques-
tions for each of the components that focused on pain,
function, and stiffness. Due to the retrospective design this
was not possible; however, the quality-of-life anchor
question used may relate more to the total WOMAC score
because it is a combination of all three components. Also,
the relatively early assessment of the quality of life of
patients after their TKA could also be a limitation because
their evaluation may change with longer followup. The

evidence shows that some patients may change their per-
ceptions about the effectiveness of the arthroplasty after the
first year [4, 6]; although different from quality of life as-
sessment, these parameters may be related. Data from the
Swedish Joint Registry found the overall level of satis-
faction after TKA to be relatively stable after 1 year for
patients who had not undergone revision with longer fol-
lowup [22]. Future studies should assess whether the same
MCID and MIC are observed in the longer term.

We believe the MCID identified in our study, after
adjusting for confounding variables, represents the most-
accurate figures available for the WOMAC score after

Table 3. ROC curve analysis identifying the MIC (threshold), reliability, standard error of the measure (SEM), and MDC95 for the

components and the total WOMAC scores

95% Cl

WOMAC R? MCID Lower Upper p value*
Pain 0.34 11 72 15.6 < 0.001
Function 0.28 5.6 12.7 < 0.001
Stiffness 0.32 8 32 11.8 < 0.001
Total 0.29 10 6.1 129 < 0.001

*Linear regression analysis: all preoperative variables from Table 2 were included in each model using “enter” methodology; MCID =

minimum clinically important difference; Cl = confidence interval.
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TKA. Used in conjunction with the SD for the change in the
scores (Table 1), the MCID could determine sample sizes
in future clinical trials. Depending on the primary outcome
assessment—pain, function, stiffness, or the total WOMAC
score—the study could be powered using the defined values
identified in our study, which are independent of case-mix
variables and preoperative functional status. The MCID
value is crucial to future comparative studies. For
example, a power calculation using a previously defined
MCID for the functional component of WOMAC of 19
points [13] and a SD of 18 for an alpha of 0.05, a two-way
analysis and an 80% power, indicates that 32 patients
would need to be randomized. Whereas using the 9-point
MCID from the current study shows that 128 patients
would need to be randomized. Therefore, the higher MCID
would risk underpowering trials and may lead to a type II
error.

Escobar et al. [13] first described the MCID for the
WOMAC score after TKA. However, it could be argued
that they defined the MIC because they did not use the
difference between the “equal” and “somewhat better”
groups. Instead, they used the absolute improvement in
the somewhat group, reporting MIC values similar to our
paper. Interestingly, if the MCID is calculated from their
data using the definition from our study (the difference in
the mean change in the WOMAC score between patients
with no improvement compared with those with little
improvement according to the anchor question) the
MCID is similar to that found in our study (pain 11,
function 10, stiffness 7). More recently, the same group
used ROC curves to define the MCID to predict the
somewhat better group and the equal group using the
absolute improvement, but again this was more in
keeping with the MIC [12]. Greco et al. [15] aimed to
identify the MCID in the WOMAC after knee cartilage
surgery but also used ROC curves to identify it, which is
more in keeping with MIC. Furthermore, they combined
much- and somewhat-better as the improved group and
the slight improvement, not improved, and worse as the
no-improvement group, which may not represent a
minimum important change in the scoring measure.
Soohoo et al. [25] used half the SD for change in the
WOMAC at 3 months, but combined data for both TKA
and THA. Although they found a similar figure for the
MCID for the total WOMAC score of 10, just as we did in
our study, it is accepted the WOMAC score after THA
responds differently [20]. In a recent systematic review of
13 studies, the authors aimed to define the MCID (or
MID); they found that the MCID for the pain component
was 12 and 13 for the functional component [11]. Their
systematic review included heterogenous studies
assessing various interventions, from nonoperative to
operative, and may have included studies quoting the
MIC and not the MID [12,13] and vice versa [27, 28].
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The MIC value represents a change in the score be-
yond which an individual is considered to have
experienced a clinical change, and for the current study
was defined as the change in the WOMAC score relative
to the baseline score for patients who reported a little
improvement in their quality of life. This is an important
variable when assessing the outcome of a study cohort’s
change in health status from before to after TKA. For
example, depending on a study’s sample size and other
parameters, a 10-point change in the total WOMAC score
may be associated with a p value smaller than 0.05, but
our data suggest that such a small change would not be
clinically important to the patient (since the MIC we
identified was = 17). We are not aware of other evidence
defining the MIC for the components or total WOMAC
score after TKA. However, as mentioned above, Escobar
et al. [13] may have identified the MIC with similar
values (pain 23, function 19, and stiffness 15). In the
current study, we used ROC curve analysis to identify the
MIC, but the AUC was low (at approximately 0.7), which
is the lower limit for reliability. The identified MIC
allows individual patients to be assessed as to whether
they have achieved a clinically relevant change in their
WOMAC score(s).

MDC95 represents the smallest change in an individual
patient score that is beyond the measurement error of the
tool used. This is an important figure when accounting for
the MIC, as a MDC95 less than the MIC may not be de-
tectable due to the variation of the measure used. For ex-
ample, the MIC for the stiffness component of the
WOMALC is 13 points, but the MDC95 is 27 and therefore
this component is not sensitive enough to differentiate a 13-
point difference due to intrinsic score variation. Escobar
et al. [13] identified MDC95 values for the WOMAC score
after TKA, which were similar to the figures identified in
the current study (pain 22, function 13, and stiffness 29). It
is interesting to note that the most reliable component of the
WOMALC score was the functional assessment and the total
WOMALC score, with a Cronbach’s alpha greater than 0.90.
The MIC for the functional component of 16 was greater
than the MDC95, signifying that it can detect the MIC. This
may indicate that if future studies use the WOMAC score,
they should be powered to either the total or functional
component of the WOMAC to ensure reliable results.
However, the MDC95 presented may be smaller than
when a Chronbach’s alpha test-retest data is used, but
even a S-point increase in the MDC95 for the total or
functional component of the WOMAC would retain the
reliability of measuring MIC.

The MCID and MIC for the WOMAC score represent
the smallest meaningful effect sizes when comparing the
outcome of two groups (difference in mean change be-
tween the groups) or when assessing a cohort (a change in
score for the group) after TKA, respectively, helping the
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reader to distinguish between a clinically important effect
size and a mere statistical difference. We determined that
the error in measurement (based on the MDC95) for the
function component and total WOMAC scores were less
than the MIC, which suggests changes beyond the MIC are
clinically real and not due to uncertainty in the score. These
parameters are essential to interpret TKA outcomes re-
search and to ensure clinical research studies are amply
powered to detect meaningful differences. Future studies
using the WOMAC score to assess TKA outcomes should
report not only the statistical significance (a p value) but
also the clinical importance using the reported MCID and
MIC values.
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