
395Mills, et al: MID for the KOOS

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2016. All rights reserved.

Examining the Minimal Important Difference of
Patient-reported Outcome Measures for Individuals
with Knee Osteoarthritis: A Model Using the Knee
Injury and Osteoarthritis Outcome Score
Kathryn A.G. Mills, Justine M. Naylor, Jillian P. Eyles, Ewa M. Roos, and David J. Hunter

ABSTRACT. Objective. To examine the influence of different analytical methods, baseline covariates, followup
periods, and anchor questions when establishing a minimal important difference (MID) for individuals
with knee osteoarthritis (OA). Second, to propose MID for improving and worsening on the Knee
injury and Osteoarthritis Outcome Score (KOOS).
Methods. Retrospective analysis of prospectively collected data from 272 patients with knee OA
undergoing a multidisciplinary nonsurgical management strategy. The magnitude and rate of change
as well as the influence of baseline covariates were examined for 5 KOOS subscales over 52 weeks.
The MID for improving and worsening were investigated using 4 anchor-based methods.
Results. Waitlisted for joint replacement and exhibiting unilateral/bilateral symptoms influenced
change in KOOS over time. Generally, low correlations between anchors and KOOS change scores
limited calculations of MID; thus, they were only proposed for the pain, activities of daily living, and
quality of life subscales. The method used to calculate the MID influenced the cutpoint; however, the
type of anchor question only influenced the MID when analyzed with a particular mean change
method. Depending on patient and clinical characteristics, the subscale, and the analytical approach
used, the MID for KOOS improvement ranged from an absolute change of –1.5 to 20.6 points and
worsening ranged from –19.17 to 8.5 points. 
Conclusion.MID vary with patient and clinical characteristics, KOOS subscale, and analytical approach.
Provided the anchor question is relevant to the patient-reported outcome and baseline status is
considered, the anchor does not appear to influence the MID for improvement or worsening when using
some anchor-based methods. (First Release January 15, 2016; J Rheumatol 2016;43:395–404;
doi:10.3899/jrheum.150398)

Key Indexing Terms:
KNEE OSTEOARTHRITIS      PATIENT OUTCOME ASSESSMENT       QUALITY INDICATORS

From the Centre for Physical Health, Department of Medicine and Health
Sciences, Macquarie University; Orthopaedic Department, Liverpool
Hospital; South West Sydney Clinical School, University of New South
Wales; Ingham Institute of Applied Medical Research; Department of
Rheumatology, Royal North Shore Hospital, Sydney, Australia; Institute of
Bone and Joint Research, Kolling Institute, University of Sydney,
Australia; Research Unit for Musculoskeletal Function and Physiotherapy,
Department of Sports Science and Clinical Biomechanics, University of
Southern Denmark, Odense, Denmark.
Jillian Eyles receives funding from a Ramsay Health Care Allied Health
Scholarship and a Royal North Shore Hospital Staff Specialist Award.
Professor Hunter is supported by a National Health and Medical Research
Council Practitioner Fellowship.
K.A. Mills, BPhty, PhD, Centre for Physical Health, Department of
Medicine and Health Sciences, Macquarie University; J.M. Naylor,

BAppSci (Phty), PhD, Orthopaedic Department, Liverpool Hospital, and
South West Sydney Clinical School, University of New South Wales, and
Ingham Institute of Applied Medical Research; J.P. Eyles, BAppSci (Phty),
Department of Rheumatology, Royal North Shore Hospital, and Institute of
Bone and Joint Research, Kolling Institute, University of Sydney; 
E.M. Roos, PhD, PT, Research Unit for Musculoskeletal Function and
Physiotherapy, Department of Sports Science and Clinical Biomechanics,
University of Southern Denmark; D.J. Hunter, MBBS, PhD, Department of
Rheumatology, Royal North Shore Hospital, and Institute of Bone and
Joint Research, Kolling Institute, University of Sydney.
Address correspondence to Dr. K. Mills, Discipline of 
Physiotherapy, Macquarie University, Sydney, Australia, 2109. 
E-mail: Kathryn.mills@mq.edu.au
Accepted for publication November 10, 2015.

Patient-reported outcomes (PRO) are a valuable source of
information used to monitor people with knee osteoarthritis
(OA). One challenge in applying PRO in OA treatment
settings is interpreting changes in scores over time1,2,3. This
challenge has sparked the pursuit for the minimal important
difference (MID) as well as insight into measurement error
when PRO are applied in different patient cohorts, disease
states, and treatment settings.

No best practice approach exists for determining the MID.
Since first described by Jaeschke, et al4, recommendations
regarding the nomenclature and definition of what constitutes
clinically important change have evolved considerably. For
example, while terminology was originally introduced as the
“minimal clinically important difference”4, the “clinically”
was subsequently removed to minimize the focus on the
clinical arena and to focus on the patients’ experiences
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instead5. Further, definitions have been summarized as
weighing change in health status against the risk of under-
taking the intervention, change that would alter the patient’s
care, and change of a sufficient magnitude to be perceived as
important to the patient1,6. Despite these different definitions,
the common concept is that the MID is the lowest boundary
of change determined to be important in some way. The
patient remains at the center and so many believe that an MID
is valid only if it is anchored to patients’ perception of
health6,7.
The Knee injury and Osteoarthritis Outcome Score

(KOOS) is a PRO for patients with knee injury and OA. Its
responsiveness to change has been demonstrated in a diverse
range of patients and pathologies8,9,10. Consisting of 5
subscales, each scored from 0–100 — pain, other symptoms,
activities of daily living (ADL), sport and recreation, and
knee-related quality of life (QOL) — higher scores indicate
less pain and disability. 
The minimal detectible change (MDC) and standard error

(SE) of the measure have been examined for each of the
KOOS subscales in knee OA cohorts11,12. However, the MID
for improvement and worsening are yet to be empirically
established in cohorts undergoing nonsurgical interventions.
These realities make KOOS an ideal model for examining
the process of establishing a MID for a PRO that is primarily
used for individuals undergoing nonsurgical knee OA
management. In doing so, the model permits discussion of
issues and complexities involved with defining clinically
meaningful change, including determining whether single or
multiple methods for establishing a MID is more appropriate,
and whether baseline covariates, time, or the type of anchor
question influences the result. The aim of our study was to
undertake this examination, and in doing so to propose
potential MID for the KOOS subscales.

MATERIALS AND METHODS
Ours was a retrospective analysis of prospectively collected data from partici-
pants enrolled in the Osteoarthritis Chronic Care Program (OACCP) at a
teaching hospital in New South Wales (NSW), Australia. The OACCP was
developed by the Agency for Clinical Innovation as a model of nonsurgical
management for individuals with hip and knee OA. The OACCP was a
12-month program focusing on self-management, timely access to infor-
mation, and management from a multidisciplinary team. All patients received
individualized care plans that were reviewed at about 12 weeks, 26 weeks,
and 52 weeks. While the OACCP served as a clinical program, the NSW
Population and Health Services Ethics Committee approved the use of
patient data for research purposes (2012/08/413), and patients were informed
of this at the time of enrollment.
Inclusion criteria. Individuals with medically diagnosed hip or knee OA
were eligible to participate in the OACCP. The face validity of a doctor
diagnosis for the presence of OA has previously been demonstrated13.
Individuals can be referred to the program by general practitioners, ortho-
pedic surgeons, or rheumatologists. In addition to OA, a minimum of 30/100
pain severity in the signal joint on most days of the month was required for
inclusion. While there were no exclusion criteria, patients with severe comor-
bidities may not complete the walking test. In addition, patients with
dementia were excluded from PRO and were thus not included here. Because
we were interested in changes in KOOS over time in individuals with knee

OA, only data from patients managed for unilateral or bilateral knee OA who
had completed their 26-week review were included in the analysis. Of the
280 participants meeting these criteria, data from 272 individuals were
analyzed because 6 participants had not completed any KOOS subscale. Of
the 191 participants who had completed the 52-week assessment (55
individuals were lost to followup), 7 had not completed the KOOS. Thus,
data from 184 individuals were retained (Table 1).
Collected data. Age at entry, unilateral or bilateral pain, and whether the
patient was waitlisted for joint replacement were recorded at baseline. At
baseline and each followup, the KOOS, index joint pain severity, and level
walking test score were recorded. Pain severity over the previous week was
measured on a 0–100 mm, worst to best, visual analog scale. Level walking
was measured using a 6-min walk test (6MWT) in which the patient was
asked to walk as quickly as possible back and forth over a 25-m straight flat
walking area for 6 min and distance was recorded in meters.

It has been suggested that global transition scales, or anchors, examining
both a patient’s index joint and general health were required because they
measure different aspects of a patient’s outcome14. At all followups, patients
were asked: “Compared with when I started this program, my walking on
level ground has…” and “Compared with when I started this program, my
knee has…” Patients responded on a 7-point Likert scale: “much improved,”
“moderately improved,” “slightly improved,” “not changed,” “slightly
worse,” “moderately worse,” and “much worse.”
Statistical analysis. Each KOOS subscale was considered separately.
Analyses were conducted in RStudio (Version 0.98.1091, RStudio Inc.).
First, 4 linear mixed models examining maximum likelihood estimation were
fitted to each subscale. This approach was chosen because of its flexible
assumptions, ability to increase the complexity of the model with each
iteration, and ability to cope with changes in sample size from baseline to
52 weeks. The first 2 models examined whether the magnitude of change in
KOOS (dependent variable) differed at each followup period. The third
model examined whether the rate of change in KOOS significantly differed
between each followup period. These models provided insight into whether
changes in the KOOS could be combined across all followup periods or
whether each followup period needed independent examination. Adjustment
for baseline status was viewed as critically important when making inter-
pretations regarding the MID2,7,15,16. Thus, the final model examined the
effect of baseline covariates on an individual’s baseline KOOS, magnitude,
and rate of change. Baseline characteristics (sex, age, pain severity, 6MWT,
waitlisted for joint replacement status, and unilateral/bilateral symptoms)
were added to the model using a forced entry method. Variables that
improved the fit of the model using log likelihood, Akaike information
criterion, and Bayesian information criterion were retained.

Once the appropriate model for each subscale was established, KOOS
change scores were calculated by subtracting baseline KOOS from their
respective subscale at each followup. Spearman rank correlations were then
examined between the anchors and the absolute KOOS change scores.
Similar to the first 3 linear mixed models, this analysis addressed whether
time to followup influenced the MID. It also served to determine whether
the type of anchor question was an important consideration when estab-
lishing an MID. Correlation coefficients higher than between 0.3 and 0.5
have been proposed as suitable between the anchor or measurement instru-
ments7,17. Therefore, an a priori threshold of 0.4 was set as the minimum
correlation. Only the KOOS subscales that met this minimum criterion
underwent further analysis for a MID.

The MID for both improvement and worsening in each subscale was
calculated using receiver-operating characteristic (ROC) curves and mean
change methods2. The ROC method is increasingly used to ascertain the
MID because it uses all data, which increases the precision and accuracy of
estimates18. The improvement MID, or minimum clinically important
improvement (MCII), classified participants who indicated they had slightly,
moderately, or much improved as the “improved group” whereas those regis-
tering no change or worse were considered the “non-improved group”.
Similarly, for the minimal clinically important change for worsening
(MCIW), those who reported slightly, moderately, or much worse were
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classified as the “worse group” and those reporting no change or improved
as the “not-worse group”. The area under the curve (AUC) and 95% CI were
calculated as an estimate of each anchor’s ability to predict changes on the
KOOS. The respective AUC were then compared using DeLong statistics to
determine whether 1 anchor was a superior predictor19.

The primary ROC approach for determining an appropriate MID was the
Youden method20. In this method, the point of the ROC curve that maximized
the distance to the identity line was selected as the optimal MID17,21. The
secondary method was the 80% specificity rule, whereby the MID is the best
sensitivity for response while still achieving at least 80% specificity22. These
approaches were chosen because the former provides maximum accuracy at
predicting a MID by any combination of sensitivity and specificity22, whereas
the latter provides the optimal MID while ensuring that at least 80% or
median number of true negatives are correctly classified22,23. CI were estab-
lished by drawing 500 stratified bootstrap samples2,19.

Two mean change methods were investigated. The first method was as
it was originally proposed by Jaeschke, et al4, whereby the MID for
improvement and worsening were calculated as the mean change in scores
over time within the subgroup of participants who reported they were slightly
improved or slightly worse. The second was as proposed by Redelmeier and
Lorig24, where the mean change score for the subgroup identifying as “no
change” was subtracted from that of the groups identifying as slightly
improved or worse. CI for both methods were calculated as 1.96 multiplied
by the SE2.

RESULTS
Description of the study population. Based on the rules for

missing items in the KOOS25, baseline subscale scores could
be calculated for 98.9% of pain and other symptoms, 100%
of ADL, 69.85% of sport and recreation, and 89.7% of
knee-related QOL. The number of missing subscale scores
reduced over time; the sport and recreation subscale had the
most missing items at every timepoint (Table 1).
The highest percentage of responses for the walking on

level ground anchor at 26 weeks and 52 weeks was “much
improved” (27% and 32%, respectively), and only 2 patients
reported they were “much worse”. This pattern of responses
was mirrored when patients were asked about their knee
health (Figure 1). In general, patients reporting themselves
as improved also reported better KOOS at followup; those
who were symptomatically worse exhibited worse scores.
However, there was significant overlap between categories
on both anchors (Figure 2).
KOOS changes over time and influence of baseline
covariates. With the exception of the sport and recreation
subscale, the rate of change significantly fluctuated between
timepoints (Supplementary Data is available from the authors
on request). Thus, subsequent MID analyses treated each
followup in isolation (baseline to 12 weeks, baseline to 26
weeks, and baseline to 52 weeks). Pain severity and waitlisted
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Table 1. Demographics at each measurement occasion. Values are mean (SD) unless otherwise specified.

Variables Baseline Week 12 Week 26 Week 52

BMI 30.24 (6.1) 30.3 (6.47) 30.24 (6.2) 30.48 (7.08)
Pain, VAS 100 mm 42.61 (23.03) 32.59 (23.82) 31.39 (24.52) 27.96 (21.87)
6MWT distance 418.41 (116.92) 455.39 (113.14) 462.38 (117.59) 465.15 (121.03)
WJR/not WJR, n 119/150 122/150 122/150 78/106
Unilateral/bilateral symptoms, n 174/95 175/97 175/97 118/66
KOOS pain
No. participants 269 272 272 184
Male/female, n 84/185 84/188 84/188 58/126
Mean (SD) 47.56 (18.66) 53.61 (17.99) 57.01 (18.84) 58.91 (19.41)

KOOS other symptoms
No. participants 269 272 272 184
Male/female, n 84/185 84/188 84/188 58/126
Mean (SD) 47.31 (19.57) 52.69 (18.54) 53.98 (19.67) 56.19 (19.88)

KOOS ADL 
No. participants 272 272 272 184
Male/female, n 84/188 84/188 84/188 58/126
Mean (SD) 49.37 (20.2) 56.25 (19.61) 58.75 (20.62) 59.87 (20.11)

KOOS sport and recreation 
No. participants 190 203 204 142
Male/female, n 68/123 73/130 70/134 50/32
WJR/not WJR, n 73/118 78/125 74/130 53/89
Unilateral/bilateral symptoms, n 127/64 134/69 128/76 91/51
Mean (SD) 27.9 (21.07) 29.65 (20.39) 31.4 (21.56) 32.29 (21.51)

KOOS quality of life
No. participants 244 254 260 171
Male/female, n 80/164 80/174 79/181 57/114
WJR/not WJR, n 100/144 109/145 113/147 68/103
Unilateral/bilateral symptoms, n 158/86 166/88 169/91 107/64
Mean (SD) 29.95 (15.8) 37.86 (17.67) 47.32 (18.39) 47.58 (15.79)

BMI: body mass index; VAS: visual analog scale; 6MWT: 6-min walk time; WJR: waitlisted for joint replacement;
KOOS: Knee injury and Osteoarthritis Outcome Score; ADL: activities of daily living.
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for joint replacement influenced baseline KOOS for all
subscales, with those reporting worse pain and those on the
waiting list for joint replacement independently reporting
worse scores. Two subscales exhibited significant interactions
between predictors and time. Individuals with bilateral knee
OA reported 2.39 points (95% CI 0.76–4.01) greater
improvement in the pain subscale over 52 weeks than their
unilateral counterparts. Individuals who were not waitlisted
for joint replacement exhibited 1.93 points (95% CI
0.23–3.64) greater improvement over 52 weeks on the QOL
subscale. All baseline covariates except sex and uni-
lateral/bilateral symptoms were significantly correlated;
however, all correlation coefficients were small (0.1 < r < 0.3;
data not shown)26.
Correlations with anchor scales. Despite highly significant
correlations between both anchors and the majority of KOOS
change scores at followups, there were few instances where
correlations exceeded an absolute value of 0.4 (Table 2).
Correlations exceeding this threshold, and subsequently
entered into the MID analysis, were the change in the pain
subscale from baseline to 26 weeks for those with bilateral
knee OA and the 52-week change scores for those with
unilateral knee OA, the change scores obtained from baseline
to 52 weeks for the ADL subscale, and QOL subscales from
baseline to 52 weeks only for patients waitlisted for joint
replacement.
Influence of anchor question on MID. The AUC indicated
that both anchors were fair to good predictors of change in
KOOS subscales (Table 3) with no statistical difference
between their predictive ability (Figure 3). Further, the MID
established using the ROC methods were comparable
between the anchor questions (Table 3), with the exception
of the MCIW for pain at 52 weeks where the difference was
11 points. The comparability between anchors was also
observed using the Jaeschke, et al4 mean change method,
where the largest discrepancy between anchors was exhibited

for the MCII of the pain subscale at 26 weeks (4.04 points).
In contrast, using the Redelmeier and Lorig24 method, MID
proposed for pain and QOL subscales at 26 weeks and 52
weeks exhibited differences ranging from 6.61 points to
12.64 points between anchor questions.
MID thresholds. The range of MCII thresholds were com-
parable between the analytical methods when considered
across all subscales. Of the mean change methods, the
Jaeschke, et al4 method produced the highest MCII of 20.6
points (8.91–31.21) for the pain subscale for bilateral patients
at 26 weeks and the Redelmeier and Lorig24 method
produced the lowest MCII at –5.04 points (–23.06 to 12.98)
for the 52-week QOL subscale (waitlisted for joint replace-
ment patients only). Of the ROC methods, the 80% speci-
ficity produced the highest and lowest MCII: 18 points for
the pain subscale at 26 weeks for patients with bilateral knee
symptoms and 1.5 points for the ADL subscale at 52 weeks.
For the MCIW, the lowest thresholds depended on the

analytical method used. Mean change-based MCIW ranged
from –19.17 points (–31.96 to –6.38) when using the general
knee anchor on the QOL subscale at 52 weeks for those who
were waitlisted for joint replacement, to 3.64 points (–0.99 to
8.28) when using the walking anchor for the pain subscale at
26 weeks for bilateral knee pain patients. ROC curve-based
methods resulted in MID ranging from –7 points for pain at 52
weeks for those with unilateral symptoms to 8.5 points for pain
at 26 weeks. Importantly, all but 3 MID established using the
Redelmeier and Lorig24 method and 10 of the 16 MID estab-
lished using the Jaeschke, et al4 method exhibited CI that
included 0, indicating that some participants reported no change
or change in the opposite direction on the KOOS compared
with the anchor questions. Similarly, 10 of the 16 MID estab-
lished using the 80% specificity ROC exhibited CI for their
sensitivity that were < 50%, indicating that these thresholds
were possibly no better than chance at correctly classifying
individuals who reported improvement or worsening.
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Figure 1. Pattern of responses on the global transition scales for each timepoint. 
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DISCUSSION
The importance of defining meaningful change in outcomes
used in clinical decision making and clinical trials is widely
accepted. The objectives of our study were to examine the
complexities of establishing a MID in a knee OA population

undergoing nonsurgical multidisciplinary management as
well as to understand its influences. To do this, we used the
KOOS as a model for PRO. The initial modeling determined
that the magnitude and rate of KOOS change over time
depended on patient and clinical characteristics and differed
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Figure 2.Mean KOOS change scores at 26 weeks and 52 weeks of OACCP participation within transition groups
of the (A) walking anchor and (B) general knee health anchor. KOOS: Knee injury and Osteoarthritis Outcome
Score; OACCP: Osteoarthritis Chronic Care Program; QOL: quality of life; WJR: waitlisted for joint replacement;
ADL: activities of daily living.
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for each subscale. Incorporating these findings and the
analytical method, the MID for KOOS improvement ranged
from an absolute change of –1.5 to 20.6 points and worsening
ranged from –19.7 to 8.5 points. This highlights a growing
consensus among clinimetric research: there is an inability to
apply a single MID across all populations and followup periods.
Our study suggests that the influence of specific anchor

questions on MID is controversial and may depend on the
PRO/subscale examined and analytical method. While the
correlation coefficients and AUC of the subscales that
underwent MID analysis in our study are considered
acceptable27,28, this was not the case for all the subscales and
timepoints assessed. Even in the subscales where the corre-
lation to the anchor questions met our a priori threshold,
there were several instances where the groups rating
themselves as “slightly improved” or “slightly worse”
exhibited greater KOOS change than those in the moderate
categories. This confirms that the constructs measured by a
single-item question and those measured using a multidimen-
sional scale are not identical. These findings reinforce the
importance of establishing the correlation between the anchor
and PRO prior to any MID analysis and limited the number
of MID that could be proposed in our current study.
Of the subscales assessed, the anchors used by the

OACCP produced similar MID for pain and ADL when either
ROC method or the Jaeschke, et al4 approach were used.
Further, both the AUC and DeLong statistic indicated the
anchors had similar predictive value for KOOS change on
these subscales. Therefore, it appears these analytical
methods support the findings of Tubach, et al3, whereby
provided the MID is relevant, the actual anchor has a low
effect on the definition of success in clinical trials. However,
Redelmeier and Lorig’s24 mean change method resulted in
substantial differences (1.29 to 12.64 points) between MID
proposed for the same subscale when different anchors were
used. This questions the application of MID established using
methods that are highly influenced by the anchor question
when there are alternative methods available, unaffected by
this issue.
Regardless of the anchor, the method used to calculate the

MID will result in different values2,7. For both the pain
subscale at 26 weeks and QOL subscale at 52 weeks, there
was up to a 16-point difference between MICW and an
11.5-point difference between MCII proposed using different
analytical methods. Despite this, of the 64 proposed MID, 58
did not exceed the ± 13 points required to exceed the MDC
obtained from comparable cohorts to our current study11,12.
Therefore, the applicability of the proposed MID for KOOS
is questionable. It may be that any change beyond measure-
ment error represents clinically meaningful change. Further
validation is required to confirm this.
The differences exhibited between the MID analytical

methods also suggest the use of each method needs to be
considered when applied in clinical and research settings. An
advantage of applying MID calculated from ROC analytical
methods is that they remain the same when applied to groups
and individual patients because ROC curves are a diagnostic
analysis technique21. In contrast, MID calculated from the
mean change methods are only applicable at group levels29.
This implies that ROC methods may have greater use in
clinical settings whereas either method could be used for
research purposes investigating group effects. However, in
our analysis, ROC curve MID exhibited lower sensitivity than
specificity. This means they performed better when identifying
patients who need more or different interventions compared
with those responding well to the current strategy. To gauge
the most precise distribution of patients’ outcomes, researchers
and clinicians would need to be able to calculate and apply
both the MCII and MCIW. Mean change methods avoid this
double analysis issue because they only handle data from
individuals who are slightly improved or worse, rather than all
data. This carries its own limitations because sample sizes may
be small, leading to low power and unreliable MID. This was
the case in our analysis, as evidenced by wide 95% CI.
Therefore, while the triangulation of multiple MID approaches
is recommended2,3,7,30, our findings suggest that consideration
of the context and intended interpretation of the thresholds are
required to maximize power and generalizability.
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Table 2. Spearman rank correlation between KOOS change scores and the
anchor questions reported at 12, 26, and 52 weeks.

Variables Walking Anchor Knee Health Anchor

Pain
12-week unilateral –0.391** –0.373**
12-week bilateral –0.331** –0.287**
26-week unilateral –0.376** –0.375**
26-week bilateral –0.453** –0.455**
52-week unilateral –0.412** –0.437**
52-week bilateral –0.349** –0.332**

Other symptoms
12 week –0.229** –0.209**
26 week –0.277** –0.288**
52 week –0.314** –0.325**

ADL
12 week –0.291** –0.279**
26 week –0.335** –0.345**
52 week –0.502** –0.471**

Sport and recreation
12 week 0.046 0.066
26 week –0.128 –0.138
52 week –0.168 –0.144

Knee-related QOL
12-week WJR –0.195 –0.163
12-week non-WJR –0.288** –0.283**
26-week WJR –0.253* –0.233*
26-week non-WJR –0.222** –0.278**
52-week WJR –0.584** –0.494**
52-week non-WJR –0.366** –0.392**

* Correlation significant at 0.05 level. ** Correlation significant at 0.01
level. KOOS: Knee injury and Osteoarthritis Outcome Score; ADL: activities
of daily living; QOL: quality of life; WJR: waitlisted for joint replacement.

 www.jrheum.orgDownloaded on April 9, 2024 from 

http://www.jrheum.org/


401Mills, et al: MID for the KOOS

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2016. All rights reserved.

Ta
ble
 3.
M
ID
 an
aly
sis
 fo
r e
ac
h s
ub
sca
le 
us
ing
 3 
dif
fer
en
t m
eth
od
s t
o d
ete
rm
ine
 th
e t
hre
sh
old
.

Va
ria
ble
s

Tr
an
sit
ion
 
KO

OS
 

AU
C,
 %
 (9
5%
 C
I)

Yo
ud
en
 M
eth
od
 (9
5%
 C
I)

80
% 
Sp
ec
ifi
c M

eth
od
 (9
5%
 C
I)

M
ea
n C
ha
ng
e 

M
ea
n C
ha
ng
e 

Sc
ale

Su
bs
ca
le

M
eth
od
, J
ae
sch
ke
, M

eth
od
, R
ed
elm

eie
r 

et 
al4

an
d L
ori
g2
4

M
ID

Se
ns
itiv
ity
, %
 

Sp
ec
ifi
cit
y, 
% 

M
ID

Se
ns
itiv
ity
, %

Sp
ec
ifi
cit
y, 
% 

M
ID
 (9
5%
 C
I)

M
ID
 (9
5%
 C
I)

(95
% 
CI
)

(95
% 
CI
)

(95
% 
CI
)

(95
% 
CI
)

Im
pro
vem

ent
*

Wa
lki
ng

Pai
n, 

77
.03
 (6
7.6
7–8

6.3
9)

11.
5

67.
34 
(55
.17
–79

.31
)

79.
48 
(66
.67
–92

.31
)

18.
0

52.
34 
(34
.4–
74.
33
)

82
.05
 (6
6.7
2–
93
.96
)

20
.06
 (8
.91
–3
1.2
1)

14
.95
 (2
.05
–2
7.8
4)

26 
we
eks
***

Pai
n†

73 
(63
.37
–82

.62
)

4.0
63.
3 (
51.
9–7

3.4
2)

71.
79 
(56
.41
–84

.62
)

13.
0

46.
04 
(26
.26
–65

.07
)

82
.3 
(65
.72
–9
3.7
1)

8.1
5 (
0.6
9–
15
.91
)

9.2
5 (
–1
.88
 to
 20
.38
)

AD
L

78.
68 
(71
.52
–85

.83
)

2.5
73.
44 
(66
.0–
80.
47)

73.
21 
(62
.5–
83.
93)

–1.
5

60.
71 
(47
.28
–73

.21
)

80
.0 
(73
.44
–8
5.9
4)

8.6
7 (
2.8
5–
14
.18
)

8.9
3 (
0.7
4–
17
.13
)

QO
L‡

84.
14 
(72
.49
–9
5.7
8)

3.0
73.
68 
(52
.63
–92

.24
)

80.
56 
(67
.99
–91

.67
)

3.0
73.
68 
(52
.63
–92

.24
)

80
.56
 (6
7.9
9–
91
.67
)

11.
62
 (1
.46
–2
1.7
8)

7.6
 (–
9.7
2 t
o 2
4.9
2)

Ge
ner
al 

Pai
n, 

75.
09
 (6
5.1
8–8

5)
11.
5

66.
67 
(54
.39
–77

.19
)

77.
5 (
65.
0–9

0.0
)

17.
0

50.
88 
(38
.60
–63

.16
)

82
.5 
(70
.0–
95
.0)

16
.56
 (9
.89
–2
3.2
3)

5.5
6 (
–7
.73
 to
 18
.86
)

kne
e

26 
we
eks
***

Pai
n†

72.
58 
(62
.86
–8
2.3
1)

4.0
63.
64 
(52
.56
–73

.41
)

70.
73 
(56
.1–
82.
93)

12
48.
83 
(32
.74
–66

.83
)

80
.5 
(64
.69
–9
3.1
6)

4.3
 (–
3.4
3 t
o 1
2.0
6)

4.0
3 (
–7
.73
 to
 15
.44
)

AD
L

78.
56
 (7
1.5
6–8

5.5
5)

2.5
72.
41 
(60
.34
–82

.76
)

73.
81 
(65
.46
–81

.75
)

–1.
5

58.
62 
(46
.55
–70

.69
)

80
 (7
3.0
2–
86
.51
)

8.1
7 (
2.2
4–
14
.1)

7.6
4 (
–0
.79
 to
 16
.06
)

QO
L‡

80.
6 (
68.
07
–93

.13
)

6.5
70.
59 
(55
.88
–85

.29
)

80.
95 
(64
.17
–95

.24
)

6.5
70.
59 
(55
.88
–85

.29
)

80
.95
 (6
4.1
7–
95
.24
)

10
.33
 (–
3.0
5 t
o 2
3.7
1)
–5
.04
 (–
23
.06
 to
 12
.98
)

Wo
rse
nin
g**

Wa
lki
ng

Pai
n, 

72.
05 
(60
.75
–83

.34
)

8.5
64.
93 
(54
.55
–76

.01
)

80 
(60
.0–
95.
0)

8.5
64.
93 
(54
.55
–76

.01
)

80
 (6
0.0
–9
5.0
)

3.6
4 (
–0
.99
 to
 8.
28
)

–1
.47
 (–
9.4
7 t
o 6
.53
)

26 
we
eks
*

Pa
in*
*

70
.71
 (5
8.7
–82

.71
)

5.5
53.
53 
(43
.91
–63

.64
)

78.
95 
(60
.39
–94

.74
)

–7.
0

36.
84 
(15
.79
–57

.89
)

82
.83
 (7
6.7
7–
89
.9)

–4
.5 
(–2
1.4
7 t
o 1
2.4
7)

–3
.4 
(–1
9.2
9 t
o 1
2.4
9)

AD
L

79.
1 (
70.
36–

87
.84
)

2.5
65.
82 
(58
.86
–73

.42
)

80.
77 
(65
.38
–92

.31
)

2.5
65.
82 
(58
.86
–73

.42
)

80
.77
 (6
5.3
8–
92
.31
)

–6
.83
 (–
16
.45
 to
 2.
79
)
–6
.57
 (–
17
.57
 to
 4.
44
)

QO
L*
**

80.
68
 (6
5.6
7–9

6.6
8)

–3.
0

61.
54 
(30
.77
–84

.62
)

90.
48
 (9
0.9
6–9

7.6
2)

–3.
0

61.
54 
(30
.77
–84

.62
)

90
.48
 (9
0.9
6–
97
.62
)

–9
.8 
(–2
1.5
9 t
o 1
.99
)

–7
.8 
(–2
2.1
3 t
o 6
.52
)

Ge
ner
al  

Pa
in,
 

73.
97 
(62
.96
–8
4.9
8)

8.5
65.
33 
(54
.67
–74

.67
)

80.
95 
(61
.0–
95.
24)

8.5
65.
33 
(54
.67
–74

.67
)

80
.95
 (6
1.0
–9
5.2
4)

2.9
 (–
2.5
9 t
o 8
.44
)

–8
.08
 (–
21
.86
 to
 5.
7)

kne
e

26 
we
eks
*

Pai
n**

74
.37
 (6
3.5
1–8

5.2
3)

–5.
5

52.
17 
(30
.43
–69

.51
)

81.
05 
(72
.63
–87

.37
)

–4.
5

52.
17 
(30
.43
–71

.85
)

80
 (7
2.6
3–
87
.37
)

–2
.0 
(–1
9.1
8 t
o 1
5.1
8)

–2
.3 
(–1
8.2
8 t
o 1
3.6
7)

AD
L

78.
81 
(70
.44
–8
7.1
8)

2.5
66.
88 
(59
.09
–73

.38
)

80.
0 (
63.
33–

93.
33)

2.5
66.
88 
(59
.09
–73

.38
)

80
.0 
(63
.33
–9
3.3
3)

–3
.46
 (–
12
.69
 to
 5.
76
)
–4
.0 
(–1
4.1
8 t
o 6
.19
)

QO
L*
**

83.
36 
(69
.33
–9
7.3
9)

–3.
0

64.
29 
(35
.72
–85

.71
)

92.
68 
(84
.09
–10

0)
–3.
0

64.
29 
(35
.72
–85

.71
)

92
.68
 (8
4.0
9–
10
0)

–11
.0 
(–2
2.5
1 t
o 0
.51
)–
19
.17
 (–
31
.96
 to
 –6
.38
)

* C
lin
ica
lly
 re
lev
an
t im

pro
ve
me
nts
 ex
ce
ed
 th
e M

ID
 cu
tof
f. *
* C
lin
ica
lly
 re
lev
an
t w
ors
en
ing
 is
 lo
we
r t
ha
n t
he
 M
ID
 cu
tof
f. *
**
 26
-w
ee
k c
ha
ng
e s
co
re 
for
 th
os
e w
ith
 bi
lat
era
l k
ne
e O
A.
 †
52
-w
ee
k c
ha
ng
e

sco
re 
for
 th
os
e w

ith
 un
ila
ter
al 
kn
ee
 O
A.
 ‡
On
ly 
for
 th
os
e w

ait
lis
ted
 fo
r j
oin
t r
ep
lac
em
en
t. M

ID
: m
ini
ma
l i
mp
ort
an
t d
iff
ere
nc
e; 
OA

: o
ste
oa
rth
rit
is;
 K
OO

S: 
Kn
ee
 in
jur
y a
nd
 O
A 
Ou
tco
me
 S
co
re;
 A
DL
:

ac
tiv
itie
s o
f d
ail
y l
ivi
ng
; Q
OL
: q
ua
lity
 of
 lif
e.

 www.jrheum.orgDownloaded on April 9, 2024 from 

http://www.jrheum.org/


In addition to the low number of reliably determined MID,
our study has several limitations. First, we used absolute
change scores rather than relative change. The latter is
frequently used to adjust for baseline covariates. Our choice
of approach is based on the potential of a ceiling effect. When
the PRO is designed for higher scores to indicate better health
status, using percent change scores increases the association
with baseline scores, inflates the MID, and risks eliminating
true differences in meaning along with the potential
error1,28,31. There is no consensus on the optimal adjustments
for baseline covariates when establishing a MID and using
absolute change may not be the optimal approach. However,
by isolating analysis based on covariates that influence
KOOS change over time and only proposing MID for
subscales that were moderately correlated with the anchor,
we believe that we appropriately adjusted for factors that may
influence baseline differences.
Limitations of all MID research is the presence of negative

values for MCII and positive values for MCIW, as occurred
in the current and previous studies32. Further, while the
magnitude of improvement or worsening is quantified, rarely
is there an attempt to clarify whether this magnitude of
change is important to the patient. Rather, as was the case in
our study, “importance” is assumed to be implicit whenever
a response category other than “not changed” is selected. It
is possible for individuals with chronic conditions to recali-
brate their perception of their condition and the importance
of change over time, or “response shift”33. It is also possible
that a recall bias has occurred, as commonly occurs in PRO34.
We did not investigate either of these issues, and we did not
determine which category on the anchor question should be
consistently used for the MID. These issues need further
investigation and could be as simple as performing a
“then-test” and asking patients if their reported change is
important to them.
Our study is the first, to our knowledge, to focus on the
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Figure 3. ROC curves depicting MCII and MCIW. Black and shading indicate the ROC curve and 95% CI for the knee health anchor. Grey lines depict the
ROC curve for the level-walking anchor. DeLong statistics tests the hypothesis that there are significant differences in AUC between ROC curves. KOOS
subscales are (a) and (e) pain at 26 weeks for those with bilateral symptoms, (b) and (f) pain at 52 weeks for those with unilateral symptoms, (c) and (g) ADL
at 52 weeks, and (d) and (h) knee-related QOL at 52 weeks for those waitlisted for joint replacement. ROC: receiver-operating characteristic; MCII: minimum
clinically important improvement; MCIW: minimal clinically important change for worsening; D: DeLong statistics; AUC: area under the curve; ADL: activities
of daily living; QOL: quality of life; KOOS: Knee injury and Osteoarthritis Outcome Score.
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issues and recommendations for evaluating the MID for the
KOOS in a cohort of individuals with knee OA undergoing
nonsurgical management. Patient and clinical characteristics,
specifically time to followup and clinical disease severity as
measured by laterality of symptoms and being waitlisted for
joint replacement, affected the MID for the KOOS. This
further confirms there is no such thing as 1 MID for a specific
PRO. Additionally, the association between the anchor and
PRO appeared to fluctuate over time and limited the MID’s
clinical usefulness. The result was a limited series of MID
for pain, ADL, and knee-related QOL at 26 weeks and 52
weeks that is lower than previously reported MDC. Thus, for
a change in the KOOS to be interpreted as clinically
meaningful, it needs to exceed both the MID and MDC.
Because of the discrepancies in MID thresholds resulting
from different analytical approaches, triangulation of multiple
methods continues to be more appropriate than using a single
method to establish an MID. However, clinicians and
researchers are urged to think about the context in which the
MID will be applied when determining which methods to
triangulate. Future research needs to validate this finding,
clarify “important change,” and account for recall bias and
response shift. By establishing and using MID, clinicians and
researchers will be better served to interpret the meaning of
PRO.
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