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Abstract
Purpose: To identify stroke patients showing a match between an objectively 
meaningful improvement in upper-limb motor capacity and subjectively meaningful 
improvement in upper-limb performance after stroke, as well as determinants of 
matching and non-matching.

Methods:

logistic regression analysis.

Results:
and MAL (p

The probability of a match between objective and subjective outcomes in lower 
educated patients with a positive mood was estimated to be 0.83, whereas in higher 
educated patients with a negative mood it was estimated to be 0.07.

Conclusions: Mismatches between objective and subjective outcomes are relevant 

in future upper-limb rehabilitation trials.

Introduction

In stroke rehabilitation a wide range of instruments are available for measuring 

limb capacity and require an observer for this purpose, self-reports are advocated 

of the most affected upper limb in meaningful tasks outside the treatment and test 
setting.242-244
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by mimicking activities of daily living in a clinic or laboratory, and operate on the 

11

In contrast, self-perception measures of upper limb function cut across the levels 

215,216,244

perception outcome measure, such as the Hand domain of the Stroke Impact Scale 
218

activities of daily living and focus on the amount of use of the most affected upper 

most affected upper limb.

Intuitively, one may expect that observer-rated and self-perception measures of upper 

between capacity assessments of the paretic upper limb such as the ARAT, BBT and 
WMFT and self-perception measures such as the MAL and SIS-Hand.215,246,247

self-perception upper limb function measures are more susceptible to changes in a 
248-251 which may compromise the 

association with more objective, observational capacity measures.

The interpretation of changes over time, for example after a therapeutic intervention, 

mandate, in the absence of troublesome side-effects and excessive cost, a change 
252,253

measurement and since its introduction it has been determined for many outcome 
measures relevant to stroke rehabilitation, including capacity measures and self-
perception measures. However, in post-stroke upper limb rehabilitation outcomes of 
observer-rated measures do not always correspond with outcomes of self-perception 
measures.127,152,254 Such mismatches have implications for practitioners and patients 
when targeting treatment goals, and choosing measures for evaluation of inter- 
ventions, as well as for the design and interpretations of outcomes of clinical trials.
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patients showing a match between the actually observed meaningful change in 
motor capacity of the paretic upper limb and the subjectively perceived meaningful 
change in upper limb performance after stroke.

The second aim of the study was to determine the characteristics of stroke patients 
showing a match and those showing a mismatch between the actual meaningful 
change in motor capacity and the perceived meaningful change in motor capacity 

related to demographics, stroke characteristics, and mental status at baseline.

Materials and methods

stroke trial. The ULTRA-stroke trial is a single-blind randomized controlled trial 
that is currently conducted in a rehabilitation center and aims at comparing the 

dose-matched conventional physiotherapy.73 The ULTRA-stroke trial was approved 

and registered with the Netherlands Trial Register (NTR, www.trialregister.nl, 

the nature of the study was explained. Following baseline assessment participants 

randomization, and interventions are reported elsewhere.73 The interventions 
were provided for six weeks, three times a week for one hour. Post-intervention 
assessment was performed in the week following the last intervention session. 
A follow-up assessment was conducted six weeks after the post-intervention 
assessment. The data used in this study were taken from the baseline assessment 
and the follow-up assessment, with the assumption that potential differences 
between intervention groups are less pronounced at this assessment than at the 
post-intervention assessment.

Participants
139 Patients suffering from stroke, 
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10° of thumb abduction/extension, and at least 10° extension in at least 2 additional 

196

score of 23 points on the Mini Mental State Examination.255

Dependent variables

of upper limb function at the level of Activity.

Capacity measure of improvement 

patient, who observes and scores task performance in a way that is independent 

measure was selected because it functioned as primary outcome measure in the 
ULTRA trial and because it allowed for adequate comparison with the selected self-

The ARAT is a valid, reliable, and responsive test159 of the ability to perform gross 
movements and to grasp, move, and release objects differing in size, weight, and 
shape.208

152 However, this value was 
based on expertise rather than on anchor-based or distribution-based methods to 

non-dominant side at 17 points.157 These values were established with an anchor-
based method using a global rating for perceived changes in the affected upper 
limb. Because the participants in the ULTRA-stroke trial were recruited within six 

Self-perception measures of improvement

or personal information obtained by means of self-report. This self-report can 

improvement at the level of activity we used the Dutch versions of the SIS-Hand and 
the MAL. 
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Version 3.0 of the SIS is a full-spectrum post-stroke health status questionnaire 
and was used as a secondary outcome measure.217 This questionnaire is divided 
in 8 subdomains covering the consequences of stroke on impairments, function, 
and quality-of-life. The SIS has been shown to possess excellent clinimetric 
properties in terms of concurrent and construct validity, test-retest reliability, and 
responsiveness.218

158

Hand domain for patients in the chronic phase post-stroke. For the assessment a 
256

Fulk et al.257

the SIS-16, a short form of the SIS, consisting of 16 items from the physical domains: 
Hand function, Strength, ADLs/IADLs, and Mobility. Their estimate ranged from 9.4 

the individual physical domains show divergent values.158 Therefore we chose to 
158 in our analysis.

A translated, Dutch version of the MAL was used, which contained the 14 original 
activities, but also 11 additional activities, and one optional activity chosen by 
the patient.215 Reliability and validity of the MAL have been demonstrated in a 
number of studies.215 The MAL is a semi-structured interview and was used to 

to accomplish 26 activities of daily living outside the laboratory.216

0.5 points for the MAL-QOM as well as the MAL-AOU, which corresponds to 10% 
152 Lang et al.157

affected dominant side for patients with acute stroke (i.e., less than one month post 

at 1.1 points.157

outcomes of the MAL-AOU were not used in the current analysis, as these are highly 
correlated with the outcomes of the MAL-QOM.244
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Note that reaching the maximum score at follow-up was considered a clinically 

of the maximum score of the aforementioned observer-rated and self-perception 
measures.

Independent variables

Based on pertinent literature,37,246,258 we selected candidate determinants for the 
development of a model that, at baseline assessment, characterizes those patients 

259

214

209 and Fugl-Meyer Arm assessment 
211 260 below the 

normative score indicates a negative mood, above the normative score indicates a 

Data Analysis

First, change scores on the ARAT, SIS-Hand and MAL-QOM were calculated by 
subtracting the baseline scores from the follow-up scores. Second, maximum 

successful and smaller changes were marked as unsuccessful. Two-way contingency 

continuity correction.261

262

i.e., those with corresponding outcomes on the objective and subjective measures 

non-corresponding outcomes on the objective and subjective measures (i.e., false 



Unilateral versus bilateral upper limb training after stroke

1
2 
3 
4 
5 
6 
7 
8 

R 

 122 Match and mismatch between objective and subjective improvements in upper limb function after stroke  |   7

7 

outcomes on objective and subjective measures and the candidate determinants 

ordinal determinants were dichotomized on clinical grounds (the cut-off values are 

we used the median as cut-off point for each determinant. Based on bivariate logistic 
p

selected for the subsequent development of a multivariate logistic model predicting 
at baseline assessment whether patients would match their perceived outcome 

p
and p
relative to the number of patients involved, the maximum likelihood estimation of 
parameters in the multivariate model was conditional on the basis of a forward 
stepwise approach. Subsequently, the multivariate logistic model thus derived 
was used to calculate probabilities for identifying those patients with matching 
observed and perceived meaningful changes in outcome (i.e., the accurate predicted 

was investigated in terms of discrimination and the amount of variance explained. 
The discriminative properties of the model were assessed by calculating the area 

240 The explained 
2.263

The statistical analyses were performed in IBM SPSS Statistics version 20.

Results

The ULTRA-stroke trial aims to include a total of 60 participants. At the time of 
this study, over 200 potential participants were excluded based on the selection 

data were available of 39 of the included participants. Participants were tested 

Table 7.1 presents the main characteristics of the participants for whom the data 
were available at the time of this study.
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Characteristics Number

F: female
M: male
L: left
R: right
yr: years
wks: weeks
ARAT: Action Research Arm Test
FMA: Fugl-Meyer assessment of the arm
MI: Motricity Index
SIS: Stroke Impact Scale
MAL: Motor Activity Log
QOM: Quality of Movement
AOU: Amount of Use

Sensory Assessment
MMSE: Mini Mental State Examination

-
carpophalangeal and interphalangeal joint of all digits 
and 20° wrist extension.
The cut-off value for Mood was based on normative 
data for patients with acute stroke.260

N 39
12/27

Hemisphere of stroke, L/R 19/20
Handedness, L/R 3/36

19/20
16/23

9/30
25/14
26/13

Table 7.1

Successful 
change 

ARAT Sensitivity Speci icity PPV NPV OFC FET

Yes No Totals (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) p

SIS-Hand Yes 24 7 31
No 5 3 8
Totals 29 10 39 0.77 0.38 0.83 0.30 0.69 0.340

MAL-QOM Yes 17 1 18
No 12 9 21
Totals 29 10 39 0.94 0.43 0.59 0.90 0.67 0.011

      
ARAT: Action Research Arm Test
SIS: Stroke Impact Scale
MAL QOM: Motor Activity Log Quality of Movement
PPV: positive predictive value
NPV: negative predictive value

Table 7.2    
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the ARAT (i.e., scores of 45, 47, and 51 for the affected non-dominant side, and 46, 

100 at follow-up. For these patients, reaching the maximum score was considered a 
clinically meaningful change.

Table 7.2 shows the 2-way contingency tables of patients with successful and 
unsuccessful matching of minimal clinically meaningful changes on the objective 
and subjective measures. Twenty-seven patients showed matching outcomes 
between the ARAT and SIS-Hand, and 26 showed matching outcomes between 
the ARAT and MAL-QOM. The overall fraction correct for matching outcomes was 

p
for the combination ARAT and SIS-Hand (0.69; p

Candidate determinants 

matching outcomes on the ARAT and SIS-Hand: level of education (lower educated 

scores above the SIS-Emotion normative score for patients with acute stroke260 

QOM (participants recruited earlier post-stroke matched better than participants 

Multivariate Modeling

The candidate determinant with the highest odds ratio, level of education, 

Hand. Entering mood as a second determinant further improved the model, while 

relationship. The multivariate logistic model was used to calculate probabilities for 
matching outcomes using the following equation:

p
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ARAT & SIS – Hand ARAT & MAL QOM

Determinant p OR (95% CI) p OR (95% CI)

  0.07‡ 0.13 0.15 2.86
0.92 1.08 0.82 0.86
0.54 0.97   0.05‡ 0.89

Hemisphere of stroke, L/R 0.92 0.93 0.82 1.17
Handedness, L/R 0.92 0.88 0.24 0.22

0.43 0.57 0.37 1.87
0.96 0.96 0.36 0.52
0.53 1.75 0.12 0.29

  0.01*  7.00 0.78 0.79

 0.03* 0.20 0.63 0.71

0.56 1.51 0.82 1.17
0.79 1.38 0.71 1.57
0.92 0.88 1.00 1.00
0.56 0.66 0.82 0.86
0.78 1.21 0.74 1.27
0.22 2.38 0.82 1.17
0.21 2.50 0.65 0.74
0.32 3.14 0.77 1.31
0.63 0.63 0.74 0.72
0.43 0.57 0.82 1.17

F: female
M: male
L: left
R: right
ARAT: Action Research Arm Test
FMA: Fugl-Meyer assessment of the arm
MI: Motricity Index
SIS: Stroke Impact Scale
MAL: Motor Activity Log
QOM: Quality of Movement
AOU: Amount of Use

MMSE: Mini Mental State Examination. 
259 

carpophalangeal and interphalangeal joint of all digits and 20° wrist extension. 
The cut-off value for Mood was based on normative data for patients with acute stroke.260  
‡ p
* p

Table 7.3
between ARAT and SIS-Hand and between ARAT and MAL-QOM as Determined by Logistic 
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Table 7.4 shows the distribution of participants over the possible combinations 
of outcomes, level of education, and mood. Nearly 80% of the matchers were of 
lower education and similarly nearly 80% of the matchers showed a positive mood 
at baseline. Table 7.5 shows the probabilities of a match between objective and 
subjective outcomes for the different levels of education and mood. The probability of 
a match in lower educated participants who at baseline scored above the normative 
score on mood was estimated at 0.83. For higher educated participants who scored 
below the normative score on mood the probability of a match was estimated at 

2 scaled for the 
explained variance of the model was 0.93.

determinant, time since stroke, did not improve the model. The outcomes on the 
ARAT were related to the outcomes on the MAL-QOM regardless of the determinants 
measured at baseline. To calculate the probability for matching outcomes the 
following equation was used:

p [-0.693]

The probability that a clinically meaningful improvement in the actual measured 
motor performance is accompanied by a meaningful change in perceived outcome 
is 0.67.

Successful change 
ARAT

Level of 
Education

Mood above or below 
normative score

Successful 
change SIS-Hand Totals

Yes No
Yes Low Above 14 0 14

Below 5 1 6
High Above 4 1 5

Below 1 3 4
No Low Above 1 2 3

Below 2 0 2
High Above 3 1 4

Below 1 0 1
Totals 31 8 39

ARAT: Action Research Arm Test
SIS: Stroke Impact Scale

Table 7.4   Distribution of Participants over Outcomes, Level of Education, and Mood.
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Level of education Mood 

True 
Nega-
tives
N

False 
Nega-
tives
N

False 
Posi-
tives
N

True 
Posi-
tives
N p

Model:
p [2.639 - 2.356 * level 

of education - 1.845 * emotional state]

Low Above the norm 1 11 11 16 0.83
Low Below the norm 0.43
High Above the norm 0.31
High Below the norm 0.07

Table 7.5   Probabilities of Matching Objective and Subjective Outcomes.

Discussion

with patients with an upper limb paresis following stroke, as well as for clinical 

matching outcomes on capacity and self-perception measures of upper limb function. 

MAL-QOM but not for the combination ARAT and SIS-Hand. This means that, for the 

meaningful change on a capacity outcome measure are not necessarily the same 
patients that subjectively perceive a clinically meaningful change, and vice versa. 

al.254

subjective measures of upper limb function have been reported,215,246,247 self-
report outcome measures may cover information that is not obtained with capacity 
outcome measures of upper limb function. 

of those stroke patients that showed a match or a mismatch between the actual 
meaningful change in motor capacity on the one hand and perceived meaningful 
change in motor capacity on the other hand. No impact was found with respect 

of stroke, handedness, and time after stroke. This suggests that the accurate 
perception of a meaningful change is independent of the severity of the neurological 

improvers on the ARAT and improvers on the SIS-Hand could be predicted based 
on the knowledge of the level of education and mood at baseline. Patients with a 
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and subjective measures of the paretic upper limb than patients with a higher 
educational level. Likewise, patients with a mood score higher than the normative 
score also showed more often a match than those with a score below the normative 
score. There may be differences in response-shift248,249 between lower and higher 
educated patients and between patients with low and high mood scores. However, 
possible explanations for the predictive values of level of education and mood 
remain speculative and need further investigation in a larger cohort.

First, the sample of patients recruited for this study was small, resulting in some 
very small or empty cell counts, particularly in the distribution of participants 

relevant to a selected group of stroke survivors based on the selection criteria of 

stroke onset less than six months before participation and were admitted to a 
rehabilitation center for treatment. Results may differ from patients in the chronic 
phase post-stroke, especially from those that are not involved in rehabilitation 

to the studied population, i.e., patients within six months after stroke onset. The 

commonly used in clinical trials, the selection is arbitrary. In addition, outcome 
measures have their own limitations. Whereas capacity measures are related to a 

264 subjective upper limb function 

248-251 than objective measures. 
Finally, comorbidities were not taken into account in the present study, whereas 

motor performance is limited.36

In conclusion, there are important issues that should be considered in outcome 
measure selection in stroke rehabilitation, such as psychometric properties, clinical 
content, and the purpose of the measurement and study.265-270 Unfortunately 
there is no single outcome measure that covers the full range of paretic upper 
limb functioning.265,266

selection strategies.265-271 Based on the results of the present study and suggestions 
reported in previous studies,242,254,271 together with the fact that patient 
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measures, we suggest that future trials should include capacity measures as well as 

self-perception measures of upper limb function in their power calculations for 
patient recruitment in trials. Similarly, practitioners, together with their patients, 
are advised to set rehabilitation goals that can be measured not only with capacity 
measures but also with self-perception measures of upper limb function.
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