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Responsiveness, Minimal Detectable Change, and Minimal
Clinically Important Difference of the Nottingham Extended
Activities of Daily Living Scale in Patients With Improved
Performance After Stroke Rehabilitation
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ABSTRACT. Wu C-Y, Chuang L-L, Lin K-C, Lee S-D,
Hong W-H. Responsiveness, minimal detectable change, and
minimal clinically important difference of the Nottingham Ex-
tended Activities of Daily Living scale in patients with im-
proved performance after stroke rehabilitation. Arch Phys Med
Rehabil 2011;92:1281-7.

Objectives: To determine the responsiveness, minimal de-
tectable change (MDC), and minimal clinically important dif-
ferences (MCIDs) of the Nottingham Extended Activities of
Daily Living (NEADL) scale and to assess percentages of
patients’ change scores exceeding the MDC and MCID after
stroke rehabilitation.

Design: Secondary analyses of patients who received stroke
rehabilitation therapy.

Setting: Medical centers.
Participants: Patients with stroke (N�78).
Interventions: Secondary analyses of patients who received

1 of 4 rehabilitation interventions.
Main Outcome Measures: Responsiveness (standardized

response mean [SRM]), 90% confidence that a change score at
this threshold or higher is true and reliable rather than mea-
surement error (MDC90), and MCID on the NEADL score and
percentages of patients exceeding the MDC90 and MCID.

Results: The SRM of the total NEADL scale was 1.3. The
DC90 value for the total NEADL scale was 4.9, whereas
inima and maxima of the MCID for total NEADL score were

.4 and 6.1 points, respectively. Percentages of patients ex-
eeding the MDC90 and MCID of the total NEADL score were

50.0%, 73.1%, and 32.1%, respectively.
Conclusions: The NEADL is a responsive instrument rele-

vant for measuring change in instrumental activities of daily
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living after stroke rehabilitation. A patient’s change score has
to reach 4.9 points on the total to indicate a true change. The
mean change score of a stroke group on the total NEADL scale
should achieve 6.1 points to be regarded as clinically impor-
tant. Our findings are based on patients with improved NEADL
performance after they received specific interventions. Future
research with larger sample sizes is warranted to validate these
estimates.

Key Words: Clinimetrics; Nottingham Extended Activities
of Daily Living; Rehabilitation; Stroke rehabilitation.
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EACH YEAR, APPROXIMATELY 795,000 people in the
United States experience a new or recurrent stroke and the

estimated cost of stroke for 2010 was $73.7 billion.1 Stroke is
ne of the leading causes of lifetime disabilities, with the
onsequences of functional difficulties and activity limita-
ions.1 One study reported that 62% of patients were still
ependent in basic activities of daily living (BADLs) and 32%
ere inactive in instrumental activities of daily living (IADLs)

t 3 years after stroke.2 Performing IADLs requires increased
nteraction with the environment and appears to be a prereq-
isite for independent living in the household or community.3

A systematic review of ADL instruments identified 27 ac-
tivities of daily living (ADLs) scales originally developed in
the field of clinical neurology, and item content from the scales
was categorized to BADL (basic mobility and self-care) or
IADL (eg, household activities, community activities, social/
recreational activities, cognitive activities) domains or non-
ADL.4 Ten neurologic ADL scales designed for stroke primar-
ly focus on the BADL domain, whereas the Nottingham
xtended Activities of Daily Living (NEADL) scale and Stroke

List of Abbreviations

ADLs activities of daily living
BADL basic activity of daily living
CI confidence interval
IADL instrumental activity of daily living
NEADL Nottingham Extended Activities of Daily Living
MDC minimal detectable change
MDC90 90% confident that a change score at this

threshold or higher is true and reliable rather
than measurement error

MCID minimal clinically important difference
SIS Stroke Impact Scale
SRM standardized response mean

SDpooled pooled standard deviation
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1282 PROPERTIES OF THE NOTTINGHAM EXTENDED ACTIVITIES OF DAILY LIVING SCALE, Wu
Impact Scale (SIS) comprehensively assess both BADL and
IADL domains.4

The NEADL scale is a measure of IADL outcomes devel-
oped specifically for the stroke population.3,5 It also is 1 of the
most frequently used IADL measures in randomized controlled
trials of stroke rehabilitation.6 According to the World Health

rganization’s International Classification of Functioning, Dis-
bility, and Health model,7 the NEADL measures levels of

activity and participation that may relate to quality of life after
stroke.8 The NEADL has well-established reliability, validity,
and responsiveness in patients with stroke.9-13 However, no
estimates were found of measurement characteristics associ-
ated with responsiveness, minimal detectable change (MDC),
and minimal clinically important difference (MCID) for the
NEADL score in patients receiving stroke rehabilitation.

Responsiveness of a scale refers to the ability to detect
change, which is an important quality for assessing treatment
effectiveness.14 Determination of the MDC and MCID is crit-
ical for judging whether treatments have resulted in real change
and the magnitude of the benefit of interventions.14,15 The
MDC is the minimal amount of change score outside of mea-
surement error that may reflect true change.16 The MCID is the
mallest meaningful change in score considered clinically im-
ortant and constitutes a score difference related to a meaning-
ul and beneficial change in health status perceived by the
atient.17,18 It has been advocated that MCID estimates should

be based on multiple approaches,19 such as a combination of
the distribution- and anchor-based approaches, to triangulate a
small interval of values for the MCID.17,18,20 Distribution-
ased methods are based on the statistical distributions of
hange scores and proportions of the SD.21 Anchor-based
ethods anchor or map the outcome measure of change onto an

xternal criterion of change22 that is considered important to
atients or clinicians and directly reflects their point of view.23

Quantifying changes in NEADL scores after rehabilitation
interventions should improve interpretation of the NEADL
measure and extend our understanding of the meaning and
clinical values of change scores in this measure. Reporting both
the MDC and MCID values will provide information about 2
important benchmarks for whether the observed changes can be
considered reliable and clinically important. The clinical sig-
nificance of outcomes is critical to interpretation of results of a
clinical trial,24 and this information helps guide decision mak-
ing about the discontinuation or alternation of an intervention
that aims to improve IADL function. To date, the capacity of
the NEADL to detect change after stroke interventions is
unclear and no published estimates of MDC and MCID values
for the NEADL are available. This study extended our recent
study13 by recruiting a larger sample to investigate both inter-
al and external responsiveness for patients with improved
EADL performance after stroke rehabilitation. Internal re-

ponsiveness was defined as the ability of a measure to change
ver time, and external responsiveness reflects the extent to
hich changes in a measure over a specified time frame relate

o corresponding changes in a reference measure of health
tatus.25 We used the standardized response mean (SRM) and

MCID to estimate the internal and external responsiveness of
the NEADL in patients with stroke, respectively. In addition,
we estimated the MDC for judging whether treatments re-
sulted in a real change beyond measurement error. Specifi-
cally, this study aimed to establish the responsiveness,
MDC, and MCID of the NEADL and to assess percentages
of patients’ change scores exceeding the MDC and MCID in
patients with stroke with improved NEADL performance

after stroke rehabilitation. v
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METHODS

Participants
This study was a secondary analysis of data from random-

ized controlled trials of stroke rehabilitation therapies.26-28 All
articipants in this study were recruited from 3 medical centers
nd enrolled in clinical investigations of the effects of distrib-
ted constraint-induced therapy, bilateral arm training, and
obot-assisted therapy for stroke patients.26-28 A cohort of 78

patients with no missing values for the 2 outcome measures
was included in the present study. Inclusion criteria for partic-
ipants were (1) improved performance on total NEADL scores
after intervention, (2) poststroke onset of at least 6 months, (3)
demonstration of Brunnstrom stage III or higher for the af-
fected upper extremity,29 (4) no excessive spasticity in the
upper extremity (Modified Ashworth Scale score �2.5),30 and
5) able to follow instructions to self-rate the measures in-
luded and perform therapeutic activities. Participants with
ognitive impairments were excluded (score of �24 points on
he Mini-Mental State Examination).31 Institutional review

board approval was obtained from the participating sites, and
participants signed a document of informed consent.

Procedures
Participants were randomly assigned to receive 1 of 4 reha-

bilitation therapies: distributed constraint-induced therapy, bi-
lateral arm training, robot-assisted therapy, or conventional
rehabilitation for a total of 30 therapy hours in 3 to 4 weeks.
The contents of the rehabilitation therapies are described in
detail elsewhere.26-28 Because the interventions involved func-
ional training of movement, patients should directly obtain
ains in physical performance and daily function. Positive
ffects of the interventions on IADL functions have been
eported in previous studies.13,26,27,32 Data for improved

NEADL total scores after rehabilitation were used for analysis.
The outcome measures were administered before and after
treatment by 3 occupational therapists masked to participant
group and trained to properly administer the outcome mea-
sures.

Outcome Measures
NEADL scale. The NEADL scale is a measure of inde-

pendence in 4 areas of daily life: mobility, kitchen, domestic,
and leisure activities.12 Each item on the scale is rated on a
4-point scale (0 � unable to 3 � able). Higher scores represent
reater independence. We used a modified version of the
EADL to address issues of cultural relevance. The validity of

his modified NEADL scale was established in patients with
troke.11

SIS, version 3, ADL/IADL domain. The SIS, a stroke-
specific quality-of-life measure that includes 59 items and
assesses 8 domains related to activities and participation,33 was
dministered before and after treatment. Only the ADL/IADL
omain of the SIS was reported, including 10 questions about
atients’ perceived competency to perform their activities, such
s dressing, bathing, control of bladder/bowels, light/heavy
ousehold tasks, and shopping. Each item is scored from “not
ifficult at all” to “could not do at all” on a 5-point scale. The
aximum score for the SIS ADL/IADL is 50 points. The SIS

as shown excellent clinimetric properties in responsiveness and
oncurrent and construct validity, as well as test-retest reliability
intraclass correlation coefficient, .57–.92).34,35 When the thera-
ists administered the SIS questionnaire, they explained the
urpose of the SIS and asked patients questions about how
troke had affected their health and life from patients’ points of

iew, without family or caregiver assistance or coaching.
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1283PROPERTIES OF THE NOTTINGHAM EXTENDED ACTIVITIES OF DAILY LIVING SCALE, Wu
We chose the ADL/IADL domain of the SIS as the anchor
for calculation of the MCID estimates of the NEADL because
scores on this domain directly reflect the point of view of
patients regarding their perceived participation in activities
after stroke. Returning to usual activities, social integration,
and good quality of life are issues important to patients.8

Competence in IADLs, especially leisure activities, showed a
strong association with better overall well-being and quality of
life after stroke.8 The SIS is a widely accepted measure of
activity and participation in stroke rehabilitation.33-35 Com-
ared with other quality-of-life measures, the SIS showed
ound properties in patients with stroke.36 In addition, previous
esearch showed good correlations between scores of the ADL/
ADL domain of the SIS and the Barthel Index, Lawton IADL,
nd NEADL.35,36 Thus, patients’ perceived competency to

perform the activities in the ADL/IADL domain of the SIS
appears to be a meaningful anchor for the MCID estimates of
the NEADL in that it is clinically interpretable and conceptu-
ally associated with the NEADL.19

Although no defined range of the change score has been
identified for determination of the MCID group, previous stud-
ies have set the MCID at 10% of the total range of the scales
in a chronic hemiparetic population,37 11% on the Pediatric
Evaluation of Disability Inventory,38 and 15% on the visual
nalog scale of back pain.39 These researchers arbitrarily set

the MCID at a 10% to 15% change based on their clinical
experience and the MCID of similar outcome measures be-
cause no established MCID estimates of the instruments used
have been reported in the literature. On the basis of our previ-
ous work,40 the anchor-based MCID estimate reported for the
SIS ADL/IADL was established as 5.9 points, which also was
within the range of 10% to 15% of the maximum score. If a
patient’s change score from pre- to posttreatment on the SIS
ADL/IADL reached 5 to 7.5 points, which is 10% to 15% of
the maximum score, the patient was classified in the MCID
group.

Data Analysis
Responsiveness. The SRM provided measurements of re-

ponsiveness and was calculated by dividing the mean differ-
nce in scores of participants by the SD of the change scores.41

The NEADL change score was calculated by subtracting the
pretreatment score from the posttreatment score, with positive
(negative) values representing improvement (deterioration) af-
ter intervention. It is arguably problematic to calculate respon-
siveness based on pooling improvement and deterioration to-
gether because a measure that has positive and negative change
scores will have a small mean change score that results in a
higher level of variability in change scores and a small SRM
value. Therefore, it was recommended to calculate responsive-
ness for only the improved patients.25 With a sufficient sample
size, a comparison of change in the measure between patients
who improved and those who did not should be analyzed
separately.25 In this study, we calculated the responsiveness of
the NEADL score for patients who showed beneficial effects
after stroke interventions in the light of previous re-
search.13,26,27,32 According to the criteria of Cohen,42 SRM
alues of 0.2, 0.5, and 0.8 represent small, moderate, and large
alues for responsiveness, respectively. Bootstrap 1000 sam-
les with replacement were used to estimate 95% confidence
ntervals (CIs) for the SRMs.43 R software (Version 2.9.1)a was
sed for statistical computing.
MDC calculation. The MDC is calculated by multiplying

he standard error of measurement by the z score associated
ith the desired confidence level and the square root of 2,
djusting for sampling from 2 different measures.44 The stan- i
dard error of measurement is estimated as the pooled standard
deviation (SDpooled) of pre- and posttreatment assessments mul-
tiplied by the square root of (1�r), where r is the intraclass
correlation coefficient.45 The standard error of measurement
quantifies within-subject variability and reflects the amount of
measurement error.44,46 The MDC is estimated based on the
90% confidence interval (CI) (z�1.65). The MDC90 is the most
common standard used in the literature47 and means that one
an be 90% confident that a change score at this threshold or
igher is true and reliable rather than measurement error.14

Test-retest reliability was determined by using a set of inde-
pendent data from 19 patients with chronic stroke without
intervention in 2 baselines with a 2-week interval. The single
measure of the intraclass correlation coefficient was calculated
by using a 2-way mixed-effect model with an agreement co-
efficient. SPSS software, Version 16.0b was used for statistical
analyses.

The MDC90 was calculated by using the following formula:
DC90�1.65��2�standard error of measurement�1.65�
2�SDpooled��(1�r), where 1.65 is the 2-tailed tabled z

value for the 90% CI, �2 represents the variance of 2 mea-
sures, and r is the coefficient of test-retest reliability. The
test-retest reliability coefficient for the NEADL total score was
.97, which is the same as .97 for patients undergoing total hip
replacement48 and healthy volunteers.49

Estimates of MCID. Distribution- and anchor-based ap-
proaches were both used to determine the MCID of the
NEADL. The distribution-based MCID estimate was deter-
mined by using the Cohen effect-size benchmark. Cohen sug-
gested that score differences of 0.2SD units correspond to
small but important changes in treatment-effectiveness re-
search.42 Although the cutoff value used to describe the mag-
itude of the effect size was set arbitrarily, most research has
idely accepted Cohen’s benchmark.50-52 An effect size of 0.2

was advocated as a reasonable method to estimate the
MCID.51,52 Thus, 0.2SD of baseline was used to estimate the
istribution-based MCID in this study.
The anchor-based approach applying a relevant external

riterion provides meaningful estimates of the measure’s
CID18; that is, relating change scores in an instrument to an

xternal standard of clinical change (eg, patients’ global ratings
f change in health) to establish the MCID.25 The MCID

reflects the magnitude of change in the measure associated with
an arbitrary definition of the smallest important change in the
external criterion, and it may be estimated by the average
change score in patients rating some improvement on NEADL
scores.25 Selecting an anchor should be based on criteria of
relevance to the study context for which the anchor has a
relationship with the patient-reported outcome.18,50 Therefore,
the anchor-based MCID estimate was calculated as mean
change score on the NEADL, corresponding to patients defined
as having MCID; that is, those with a perceived overall change
score of 5 to 7.5 points (10%–15% of the total scale score
range) on the ADL/IADL domain of the SIS.

MDC and MCID percentages. Percentages of patients
with change scores exceeding the values of the MDC90 and

CID estimates were examined to evaluate the extent of
atients’ changes after interventions detected by using the
EADL. Patients who did not benefit from interventions were

xcluded from the estimation of responsiveness because of
imited sample sizes. The greater the percentages of patients
ho exceed the values, the more responsive the measure.

RESULTS
Demographic and clinical characteristics of the 78 partic-
pants (51 men, 27 women; mean age, 54y) with an im-

Arch Phys Med Rehabil Vol 92, August 2011
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1284 PROPERTIES OF THE NOTTINGHAM EXTENDED ACTIVITIES OF DAILY LIVING SCALE, Wu
proved NEADL total score at posttreatment are listed in
table 1. Although the mean change in NEADL total score in
these 78 patients after treatment is positive, some showed
negative values in 1 or 2 subscales, but the sum of the mean
change score in the 4 subscales was higher than 0. There-
fore, the change score of the overall NEADL rather than
subscale scores was reported to avoid confusion. NEADL
total score and the SRM for patients who improved after
interventions are listed in table 2. The SRM was 1.3 for total
score. The NEADL was highly responsive to change by
using the Cohen criteria.

Results of the MDC90 and MCID estimates of the total
NEADL scores are listed in table 3. The MDC90 of the total
NEADL score was 4.9 (8.6% of scale width). Distribution-
based MCID estimates (ie, 0.2 times baseline SD) for total
NEADL score equated to a change of 2.4 (4.2% of scale
width). As calculated from the 15 patients with SIS ADL/IADL
change scores of 5 to 7.5 points, the corresponding mean
change score on the NEADL was 6.1 (10.6% of scale width).

As listed in table 4, 50.0% of patients had a positive change
that exceeded the MDC90 of the total NEADL. Approximately
three-quarters of the change scores exceeded the 0.2SD of the
total NEADL (73.1%). Furthermore, changes in approximately
one-third of the patients achieved the anchor-based MCID
estimates of the total NEADL (32.1%).

DISCUSSION
The present study was conducted to identify the responsive-

ness, MDC, and MCID for the total NEADL scores after stroke
rehabilitation. Overall, total NEADL score was highly respon-
sive after stroke rehabilitation. Analyses indicated that when
change score points of an individual patient with stroke reached
4.9 on the total NEADL, clinicians may be 90% confident that
the changes are true and reliable. Combining 2 approaches of
the MCID, participants in a stroke group who achieve a mean
score of 2.4 to 6.1 points on the total NEADL are likely to have
had a clinically important change. Our results showed that
mean change in the total NEADL score was 5.5 points, which
reached the threshold of clinical importance.

The validity of using an assessment to detect clinically

Table 1: Demographics and Clinical Characteristics of Participants

Characteristics Value

Age (y) 54.3�11.9
Sex

Men 51
Women 27

Side of stroke lesion
Left 35
Right 43

Time since stroke (mo) 19.7�17.0
Median Brunnstrom stage of the

proximal/distal UE 4/4
Mini-Mental State Examination score 27.4�2.3
Pretreatment evaluations

NEADL total score 28.1�12.1
SIS ADL/IADL score 71.8�17.0

Posttreatment evaluations
NEADL total score 33.6�12.2
SIS ADL/IADL score 77.2�16.8

NOTE. N�78. Values expressed as mean � SD unless noted
otherwise.
Abbreviation: UE, upper extremity.
important change rests in part on the assumption that the
n
A
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measurement tool is responsive to change.53 Showing respon-
siveness is a key component to establish construct validity and
is important to determine the MCID.18 An instrument with
ood responsiveness is sensitive to clinically meaningful
hange over time within a patient, and the change is responsive
o effects of therapeutic interventions.54 Therefore, lack of a

differential effect of an instrument may be caused by inade-
quate responsiveness of the instrument rather than ineffective-
ness of the treatments.37 In the present study, the magnitude of
the SRM provides evidence that the NEADL is a responsive
instrument for outcome study in stroke rehabilitation, consis-
tent with our previous study using the SRM13 and another
troke study that used effect size to assess responsiveness and
howed that NEADL score was sensitive to changes after
troke.10 The responsiveness index of the NEADL (SRM�1.3)
as higher in the present study than in the previous study

SRM�0.9)13 because only patients with improved NEADL
erformance after intervention were included in this study. In
ddition, estimates of responsiveness of the NEADL in our
esearch appear to be different from previous studies48,55 in

which the NEADL was poorly responsive for the differences
before and after hip replacement by calculating the total score
effect size of 0.3 to 0.5. Possible contributing factors that may
influence study results include patient populations, the inter-
vention involved, and the responsiveness index.

In this study, MDC and MCID estimates were both used to
interpret change scores on the NEADL after stroke rehabilita-
tion. To decide whether an improvement is clinically important
or a measurement error, MDC scores would be useful to help
distinguish actual change from measurement error.56 Further-

ore, identifying the MCID is helpful to determine meaning
enefit, provide a basis for sample-size estimation in clinical
rials, and provide a more precise measure of patient-reported
reatment effect.50 Our results showed that the MDC and

MCID differed notably, with the former at 4.9 points, indicat-
ing a “minimal” score of change that was free of error, whereas
the MCID of 2.4 to 6.1 points was more indicative of patients
who showed a clinically important difference. The MDC esti-
mate of the total NEADL was within the range of the corre-
sponding MCID. It was suggested that both the MDC and
MCID be considered in clinical decision making when the
MDC exceeds the MCID.57

In addition to directly comparing the magnitudes of the
MDC and MCID estimates, we computed the percentage of
scale width, dividing the MDC or MCID estimates by the
maximum scale score. The MDC90 percentage of scale width
was 8.6% for total NEADL score. Intervals of the
0.2SD- and anchor-based approaches of the MCID percent-
ages of scale width were 4.2% to 10.6% for total NEADL
score. Revicki et al18 recommended that the MCID is best
stimated primarily from anchor-based approaches. Distribu-
ion-based methods can be used to support MCID estimates

Table 2: Scores and Responsiveness Index of the NEADL Scale in
Participants Who Improved After Interventions

Scale
Score

(points)
SRM

(95% CI)

NEADL total score
Pretreatment 28.1�12.1 NA
Posttreatment 33.6�12.2 NA
Posttreatment–pretreatment 5.5�4.2 1.3 (1.13–1.53)

OTE. N�78. Values expressed as mean � SD unless otherwise

oted.
bbreviation: NA, not applicable.
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1285PROPERTIES OF THE NOTTINGHAM EXTENDED ACTIVITIES OF DAILY LIVING SCALE, Wu
from anchor-based approaches.18 The MCID for total NEADL
cale score in this analysis was about 10% to 15% of the total
cale score, similar to that of other instruments used in patients
ith chronic stroke.37,58 It should be noted that using 10% to
5% of the total scale score range as an external criterion of the
nchor-based MCID of the NEADL is based on arbitrary
tandards of the previous MCID research.

Moreover, reporting the percentages of patients who met
he MDC and MCID requirements provided more insightful
nterpretations than considering only overall mean change
cores.17,44 To determine whether the treatment really is

effective for an individual patient, it is important to look at
the data to determine how many subjects reach or exceed the
values of the MDC and MCID. Therefore, the percentage of
individuals in a group that achieve the MDC and MCID can
be considered a significant benchmark or an index of re-
sponsiveness to evaluate an intervention’s effectiveness.14

We calculated percentages of study participants exceeding
the MDC and MCID for a comparison. Our results showed
that 50.0% of patients achieved a degree of improvement
beyond measurement error for the total NEADL. Nearly
three-quarters of patients exceeded the distribution-based
MCID, and approximately one-third achieved the anchor-
based MCID estimates of the total NEADL scale. These
values show that some patients in this sample considered
themselves to have become “better,” and these data are more
informative for evaluating the effects of treatment than
overall mean changes.

Study Limitations
Our findings have some limitations that warrant consider-

ation. Responsiveness, MDC, and MCID may vary across
populations and treatments and must be shown and docu-
mented for the particular study group involving the NEADL
scale. Part of the present data overlapped with data from
patients with improved NEADL performance in our previous
studies13,26-28 because this study is a secondary analysis for
stimating treatment-related threshold values of clinically im-
ortant change in patients with an improved NEADL total
core after any of the specific interventions involved in the
tudy. Our findings show that some patients receiving rehabil-
tation treatment perceived more or less benefits from the
nterventions. Future study with a larger sample size may focus
n analyzing changes after specific interventions. Additionally,

Table 3: MDC and MCID Estima

Scale SD* ICC
Standard Error of

Measurement MDC90

% S
of

NEADL total score 12.1 .97 2.1 4.9

Abbreviation: ICC, intraclass correlation coefficient.
*Square root of [(SDpretreatment)

2�(SDposttreatment)
2/2].

Table 4: Patients Who Met Criteria for the MDC and MCID on the
NEADL Scale

Scale
Those Exceeding

the MDC90

Those Exceeding
the 0.2SD

Those Exceeding the
Anchor-Based MCID

NEADL total
score 39 (50) 57 (73.1) 25 (32.1)
NOTE. Values expressed as N (%).
e examined an independent group of 19 patients with chronic
troke for calculating the test-retest reliability of the NEADL.
his small sample may not be representative of a broad enough

ange of patients with stroke, which may limit generalization.
urther research based on a larger sample is needed to verify

he finding. Moreover, we analyzed only patients with no
ognitive disturbances with improved NEADL scores after
ehabilitation therapy. Therefore, results may not be general-
zed to patients with stroke with more cognitive impairments
nd those who deteriorated in NEADL performance after in-
ervention. The results of responsiveness were specific for
atients who rated their NEADL performance as improved, and
he major weakness of this approach is that it does not involve
comparison of change in the measure between patients who

eport improvement in the NEADL and those who do not,
hich certainly would be overestimated. Future research may
se larger samples to allow comparison of improved versus
eteriorated patients.
Finally, the treatment period was limited to 3 to 4 weeks;

owever, rehabilitation studies may require an extended period
o achieve optimal change in ADL function. Follow-up assess-
ents of a longer intervention period are warranted in future

esearch.

CONCLUSIONS
Findings of this study indicate that total NEADL score is a

esponsive measure based on the responsiveness index and
ercentages of patients who met both the MDC and MCID
riteria. A clinician can be 90% confident that a change of 4.9
oints on total NEADL score in individual patients with stroke
ndicates a true change. If mean change scores within a stroke
roup are in a range of 2.4 to 6.1 points on the total NEADL,
clinically important change may have occurred after treat-
ent. Our findings are based on patients with improved
EADL performance after they received specific interventions.
urther research with larger samples is needed to validate the
ndings.
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