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Abstract  

Purpose. To investigate interrater reliability of the Motor Evaluation Scale for Upper 

Extremity in Stroke patients (MESUPES), to provide estimates of the minimal 

detectable change (MDC) of the MESUPES, and to investigate concurrent validity in 

relation to the arm scores of the Modified Motor Assessment Scale (M MAS).  

Methods. Forty-two stroke patients (mean age 56+12 years) were independently 

assessed within a 48 hours window by two raters in different pairs (total raters = 4).  

Results. Weighted kappa analysis indicated good to very good agreement at item level 

(range 0.63-0.96). The relative and absolute reliability of the total score of MESUPES 

(maximum 58) was high according to the intraclass correlation coefficients (ICC=0.98) 

and the standard error of measurement (SEM=2.68). The MDC for three levels of 

confidence was calculated: A score change of 8, 7 and 5 is necessary for a MDC to have 

confidence of 95%, 90% and 80% respectively of a genuine change. Correlation 

between the MESUPES and M MAS was high (rs=0.87). 

Conclusions. The MESUPES shows high interrater reliability, and our study provides 

useful estimates of MDC for different levels of certainty. Additional research to confirm 

concurrent validity and to examine other psychometric properties of the MESUPES such 

as sensitivity is needed. 

 

 



Introduction 

Limitations in arm and hand function are a major problem after stroke and 

cause difficulties in patients’ daily lives [1]. Recent research has demonstrated that the 

adult central nervous system retains a much higher capacity for plasticity and 

reorganization than earlier believed [2]. Therefore, an important goal of stroke 

rehabilitation is to substantially increase the functional use of the affected arm while 

minimizing compensatory strategies and avoiding learned disuse [3]. In order to 

evaluate rehabilitative interventions, therapists need accurate and reliable measurements 

which also capture the movement quality. Although achieving good quality of 

movement is proclaimed as an important goal in modern stroke rehabilitation there are 

few appropriate measures to evaluate this in the upper extremity [4-6]. The existing 

measurements usually have a quantitative approach (for example measures time to 

perform a movement, the number of possible repetitions of a movement, and active 

range of motion) without identifying whether the movement is similar to premorbid 

movements or whether the action occurs through compensatory movements. In addition, 

there is a lack of standardization of passive range of motion and movement quality of 

active range especially when there is a low level of arm function [7].   

 

Consensus building has been considered essential for the development of 

reliable measures of quality of movement [5]. This approach has been used in the 

development of the new assessment tool, the Motor Evaluation Scale of Upper 

Extremity in Stroke Patients (MESUPES) [8-10]. This is a scale that purportedly 

measures quality of movement of the hemiparetic upper extremity and it was translated 

by Van de Winckel et al from its’ original Italian version into English in collaboration 

with the original authors [6]. The MESUPES was then also investigated for internal 



construct validity and unidimensionality by using Rasch analysis on 398 patients from 

Belgium, Germany and Switzerland. Rasch analysis made it possible to transform 

ordinal data of MESUPES to equal interval measures. The MESUPES was divided into 

two sub scales: the MESUPES-arm test and the MESUPES-hand test. The MESUPES 

showed no different item functioning across gender, age, country of residence, side of 

lesion, and type of stroke or time since onset of the stroke [6]. Further, 56 patients were 

randomly selected for a study of reliability. According to Van de Winckel et al [6], the 

MESUPES met the statistical requirement for validity and relative reliability. However, 

absolute reliability was not addressed in their study despite that it is nowadays 

recommended to include measures of both relative and absolute reliability when 

reporting psychometric properties of new scales [11, 12].  For a clinician who wants to 

interpret changes in a patient’s condition, whether this be improvement or deterioration 

over time, it is more useful to be able to interpret this in light of the reliability of an 

instrument in actual units (absolute reliability) instead of comparison with correlation 

coefficients (relative reliability). Such an approach allows clinicians to indentify the 

smallest amount of change in score in MESUPES that likely reflects a true change in an 

individual patient rather than variation in measurement. Establishing the psychometric 

properties of a new instrument such as MESUPES is more validly achieved also if 

investigated by independent researchers, rather than those behind its construction. 

Further, when instruments are used in countries with a different language than that of 

the original scale, it is important to use proper methods of cross-cultural adaptation and 

translation, in order to guarantee their validity and reliability.  

 

To our knowledge, neither the absolute reliability nor has the concurrent validity of 

MESUPES have previously been investigated. Establishment of absolute reliability is 



necessary in order to provide useful measures of minimal detectable change (MDC) [13]. The 

MDC represents the limit for the smallest change that indicates a true change in an individual 

patient, expressed in either actual units or in percent. Concurrent validity is studied when a 

new measure and a criterion measure (gold standard) are taken at approximately the same 

time [14]. There is no obvious gold standard for assessment measurement of the upper 

extremity in stroke. However, among the most common stroke assessment instruments are the 

Fugl-Meyer Assessment (FMA) [15] and the Motor Assessment Scale (MAS) [16]. Since the 

MESUPES is not based on synergy stages as FMA, it seemed more pertinent to compare it 

with the Modified MAS (M MAS) [17], a development of the MAS which has its theoretical 

background in motor relearning. Furthermore, the arm part of the M MAS is less time-

consuming than the FMA and therefore less defatigable for the patients. The latter seemed 

important as we wanted the gold standard instrument to be taken along with the MESUPES 

during the first test occasion. In contrast to the MAS, the M MAS excludes the assessment of 

tone, which has been considered unreliable [18], and includes assessments of both arms. The 

aims of this study were thus to 1) investigate aspects of interrater reliability of MESUPES, 2) 

provide useful estimates of MDC for the MESUPES, and 3) examine the concurrent validity 

of the MESUPES in relation to the M MAS.  

 

Methods 

Participants 

Adults with a unilateral hemiparesis following an ischemic or hemorrhagic 

stroke were recruited consecutively from the University Hospital of Northern Sweden 

either while inpatients or as outpatients.  Exclusion criteria based on information 

obtained from the patient’s medical records were other neurological illnesses, 

orthopaedic or rheumatic impairments or contractures of upper extremity, neglect, 



apraxia or inability to co-operate or to understand the instructions. A total of 55 people 

were eligible for the study. Of these, eight declined to take part in the study and a further 

five had to be withdrawn as they suffered subsequent medical complications during the 

study. Accordingly, 42 patients with a mean age of 56 + 12 years participated. Of these, 

64 % were male. Most of the patients were in the chronic phase following stroke, with 

the median length of time after stroke onset being 7 months (range 3-15.3 months). The 

scores of the upper extremity part of the M MAS demonstrated mild to severe deficits 

for the affected arm while the sub score for the non affected arm indicated no clinical 

deficits. All patients provided scores on the Euroqol 5 Dimensions self report 

questionnaire [19]. These scores and the patients’ other characteristics are shown in 

Table I. The study was approved by the Regional Ethical Review Board, Umeå, 

Sweden, with written consent to participate in the study provided by all participants. 

 

- Insert table I about here - 

Raters 

Four physiotherapists with longstanding experience in neurological 

rehabilitation (mean 13.3 years; SD 6.4; range 8-22 years) acted as raters.  They all 

worked in a rehabilitation centre and had had no previous practice with the MESUPES. 

Before the initiation of the study, all raters read the manual of the scale and underwent a 

2 h training session for practical demonstration of the scale and its’ scoring methods. 

Each therapist also individually practiced assessment with the scale on one or two stroke 

patients, followed by a consensus meeting where scores were matched and discrepancies 

discussed. For the study by Van de Winckel [6], the raters were trained for 1 h.  

 

Instrument 



The MESUPES assessment tool is an ordinal scale that rewards only 

qualitatively normal movements in the paretic arm. The scale items reflect the domains 

of body functions/structures and activity according to the International Classification of 

Functioning, Disability and Health [20]. The MESUPES includes eight arm items with 

six response categories (scores 0-5), and nine hand items with three response categories 

(scores 0-2). The items are briefly described in Table II. The maximum score for the 

MESUPES is 58. For the arm function (MESUPES-arm test), the tasks are performed in 

three consecutive phases. In the first phase (scores 0-1), the therapist moves the patient’s 

arm to evaluate the muscle tone. In the second phase (score 2), the patient is asked to 

participate in the movement and the therapist evaluates the active contribution through 

normal muscle contractions. In the third phase (scores 3-5), the patient performs the 

movement independently and the therapist evaluates the range of motion. For each task 

only one score is given; the highest score that the patient obtains during that test item. 

For the hand function (MESUPES-hand test), the patient performs the movement 

actively. Score 0 is given if the performance conveys inadequate adaptation of tone, 

abnormal muscle contractions, synergic (flexor/extensor) or mass movement patterns. A 

more comprehensive description of MESUPES has been presented previously [6].  

 

For this study, we translated the MESUPES into Swedish by using specific 

guidelines for cross-cultural adaptation [21].  Four Swedish versions were first made 

independently and by English-speaking Swedish persons. The authors of this study and 

another physiotherapist then merged these versions into one Swedish version, which was 

then retranslated back to English by a native English-speaking person also fluent in 

Swedish. The back translation was compared to the original English text, after which a 

first draft of the Swedish version was outlined. The research group also had access to the 



original scale in Italian and one of the authors (CH) possesses the language skill to make 

a comparison to the original. A pilot study was performed to test the translation. This 

demonstrated some vagueness in the manual in how to interpret the definition of scores 

of 0 and 1 for the arm test. We corrected the scale after clarifications from Van de 

Winckel before a final Swedish version of the MESUPES was completed. 

 

Procedure 

Each subject was tested on the MESUPES by two physiotherapists 

independently. The patients were tested under standardized conditions and in the same 

environment. The two assessments were conducted within 48 h. For practical reasons, 

the physiotherapist responsible for the patient´s intervention completed one of the 

assessments and a second assessor was randomly selected from the pool of available 

raters. Hence, two raters for one patient were not necessarily the same two raters for a 

different patient. Scoring was performed immediately after the assessment, without any 

discussion between the raters.  

  

Data analysis 

The inter-rater reliability for each item was determined by calculating 

percentage of agreement, percentage of maximum 1-score difference, and a linear 

weighted kappa analysis. Linear weighted kappa was chosen because it varies much less 

with the number of categories [22] and is preferred when comparing reliability between 

items with different numbers of categories [23]. The strength of agreement was 

interpreted according to Altman: <0.2 = poor, 0.21-0.40 = fair, 0.41-0.60 = moderate, 

0.61-0.80 = good, and 0.81-1.00 = very good [24].  

 
 



To evaluate whether there were systematic changes or not between the 

measurements, we calculated the mean difference between the two test occasions (mean 

diff), the standard deviation of the differences (SDdiff), and the Standard error (SE) of the 

mean difference. The 95% confidence intervals of d (95% CI) were derived as mean diff 

+ 2.018 x SE, whereas 2.018 was obtained from the t-table with 42 (n-1) degrees of 

freedom.  If zero is included in the 95% CI, there is no systematic bias in the data. To 

evaluate heteroscedasticity, that is, that the variation would differ between higher and 

lower values, the correlation between the mean of the two test occasions and the 

absolute difference between test occasion 2 and 1 were tested using Spearman’s rank 

correlation test. An outlier value was considered when the difference between two test 

occasions was outside 2 standard deviations (SD). Three outliers (>7.58 for total score) 

were identified but were not excluded from the analysis as to our knowledge there had 

been nothing that had occurred that would explain the differences during or between the 

test occasions. 

 

For subscale scores and total score of the MESUPES, the relative reliability 

was quantified by the ICC1,1 as the subjects were not all assessed by the same raters. 

With ICC1,1, the difference among subjects is assessed without separating other sources 

of variances, including rater or measurement error [14]. A one-way analysis of variance 

(ANOVA) was used, and the 95% confidence interval was obtained from the ANOVA 

tables. The strength of correlation was interpreted according to Munro: 0.00-0.25 = little 

if any, 0.26-0.49 = low, 0.50-0.69 = moderate, 0.70-0.89 = high and > 0.90 = very high 

correlation [25].  

 



The standard error of measurement (SEM) was calculated by obtaining the 

square root of the  error variance from the ANOVA table [13]. The SEM was divided by 

the mean from test occasion 1 and 2 and multiplied by 100 to get a percentage value: 

SEM%. The lower the SEM, the more reliable is the measurement [26]. In order to 

provide a direct comparison of the effect of calculating with different statistical rigour, 

three levels of MDC (MDC95, MDC90 and MDC80) were calculated to determine whether 

the change score of an individual patient is real at the 95%, 90% and 80% confidence 

level. The MDC95 was calculated as SEM x 1.96 x √2 and then divided by the mean 

from test occasion 1 and 2 and multiplied by 100 to get a percentage value: the MDC%. 

The MDC90 (SEM x 1.65 x √2), and the MDC80 (SEM x1.28 x √2) were calculated in 

similar manner. Lower MDC values reflect greater responsiveness [27].  

 

Concurrent validity was investigated by computing the two-tailed Spearman´s 

rho between the MESUPES score (mean of two test occasions) and the score for the 

upper extremity part of the M MAS (taken at the first test occasion), which is considered 

as a reliable and valid scale for stroke patients [17]. In this study we used three subsets 

of M MAS, namely upper-arm function, hand movements and advanced hand activities. 

The total score of the three subsets of the M MAS and the total score of MESUPES 

were compared in the analysis. We also calculated the correlation between the sub 

scores of the three subsets of the M MAS and the sub scores of the MESUPES-arm test 

and MESUPES-hand test. The strength of correlation was interpreted according to 

Munroe [25]. The SPSS (Statistical Package for Social Sciences, Version 15.0, Inc., 

Chicago, IL, USA) was used for data analysis. 

 

Results 



Interrater reliability 

There was good to very good agreement between raters, as shown by linear 

weighted kappa values ranging from 0.63 to 0.96 for all items of the MESUPES (Table 

II). Ten of seventeen items reached a kappa value of 0.86 or more. Regarding exact 

agreement between raters they scored the same patient identically for 32 of 42 (76%) 

patients in 14 of 17 items. No item had a score difference of more than 2. There were 

few ratings at score level 2 and even more so at score level 1 for all items across the arm 

subscale, while about two thirds of the sample scored between 3 or above. The ratings at 

score levels for hand items were distributed across the entire hand subscale.  

 

The absolute difference of inter-ratings of total score of the MESUPES was 4 

or lower for almost 90% of the patients (Table III). The mean absolute difference of the 

total score was 2.0 (SD=3.3). There was no heteroscedasticity in the data (Spearman 2-

tailed p=0.220).  

 

- Insert tables II-III about here -  

 

 

Table IV shows that the mean differences between tests of sub scores and total 

score of the MESUPES was low. The 95% CI for the mean difference included zero, 

which indicated no systematic biases. The ICCs for the sub scores and the total score 

were all 0.98, indicating very high correlation.  

 

- Insert table IV about here -  

 



 

As reported in Table V, the SEM for the total score was 2.68, representing 

sufficient absolute reliability (see discussion). The table also presents the range of MDC 

if calculating with confidence intervals with different statistical rigor. The MDC for the 

total score increases from 5 to 8, if choosing a calculation based on MDC95 rather than 

the MDC80. Note that a value of 3 corresponds to 5% of the total MESUPES score.   

 

- Insert Table V here - 

Concurrent validity 

The correlation was high (rs=0.87) between the total scores of MESUPES and 

the upper extremity part of the M MAS, indicating high concurrent validity. The 

relationship between the arm items of the MESUPES and the M MAS, as well as the 

relationship between the hand items of the MESUPES and the M MAS also showed 

high correlation values (rs=0.84 and rs=0.80, respectively). 

 

Discussion 

The present study shows that the MESUPES has high reliability for assessment 

of upper extremity in stroke patients, and thus expands the results of the earlier study of 

the MESUPES [6]. The MDC of the MESUPES, obtained by different raters, varies with 

the strength of the statistical rigor but provides useful information to rehabilitation staff 

of the change over time or after intervention. Data suggest that a score change of 8, 7 

and 5 is necessary to be 95%, 90% and 80% confident, respectively, of a genuine change 

of function. High correlation values between the MESUPES and the arm scores of the M 

MAS were also found, indicating high concurrent validity.  

 



The present study addressed both the absolute and relative reliability of the 

MESUPES, which has not previously been reported. The SEM is useful for clinicians to 

estimate how “true” a score is (i.e. beyond measurement errors). The SEM% value of 

the total score was below 7, which is considered small [28]. To our knowledge, there is 

no clear definition of acceptable MDC “cut-off” values and in addition, several different 

terms represent similar calculations [29-31]. For example, the MDC% is defined exactly 

the same way as the smallest real difference in percentage (SRD %) [30]. Other studies 

have considered a SRD% less than 30 or 23, respectively, as an acceptable cut-off for 

some commonly used measurements in stroke patients for timing aspects [11, 28] and a 

SRD% less than 33 as a suitable cut-off for strength aspects [32]. Hence, we consider 

the MDC% of 18 for MESUPES as sufficiently low. In analogy with MESUPES, Bergs 

Balance Scale (BBS) is based on ordinal items summarized to a total score (maximum 

score 56)[33]. Interestingly, our MDC values are comparable to previous studies of BBS 

in stroke patients where a score difference of 7 is necessary to be 95% confident of a 

genuine change [34, 35]. Although the 95% confidence level is the most common level 

in research, some authors believe that lower levels of confidence might be enough in 

clinical settings [29, 34, 36]. Hence, we also present the 90% and 80% levels of 

confidence to provide the clinician with more options when evaluating an individual 

patient’s function and to pinpoint the difference of increasing statistical rigor. It is worth 

pointing out that the MDC obtained by the same rater is expected to be lower than the 

MDC obtained by different raters [37]. Therefore, although intrarater reliability was not 

investigated in the present study, a score difference lower than 8 would be sufficient to 

assume a MDC of enough certainty when the same rater repeatedly assesses hand and 

arm function using the MESUPES. Outliers in the data will nevertheless in either case 

strongly influence the calculations. In the present study, three outliers were located in 



the middle score range of the scale. If excluding the outliers, the MDC95 and the MDC% 

of the MESUPES should have been considerably lower (4.3 points and 10, respectively). 

We chose, however, to present and base our calculations from data for the whole study 

population, also because it is likely that such a situation could reflect the clinical 

context. 

 

The weighted kappa for the MESUPES arm test varied between 0.80-0.92, 

which is higher than the findings of Van de Winckel et al (0.62-0.79) [6]. The first two 

arm items (‘Hand to stomach’, and ‘Hand from stomach to side’) had lower kappa 

values than the rest of the arm items. To further clarify the instructions of these items, 

we suggest a more specific location of the placement of the hand on the stomach, i.e. the 

navel. In the study by Van de Winckel et al [6], weighted kappa statistics for the hand 

items could not be derived as a majority of the patients scored zero. In our study, the 

scores of the MESUPES hand test were distributed across the entire subscale, and the 

weighted kappa values indicated good or very good agreement. Some hand items 

(‘Wrist extension’, ‘Spread fingers 2 and 3’, ‘Rotate dice fingers 1 and 2’, ‘Index top + 

rotate dice’) showed lower kappa values than the rest of the hand items. 

 

In the study by Van de Winckel et al [6], the calculations of relative reliability 

were made with the ICC2, 1, a model that counts that the subjects are assessed by the 

same raters. For our study design the ICC1, 1 seemed most appropriate as the study 

consisted of a pool of second raters. It is rigorous, in the sense that is usually gives a 

lower value than ICC2,1 [38]. However, for our data both ICC models gave equal results. 

A wider range of total scores among individual patients was likely one reason for the 



higher ICCs in our study (0.98, CI 0.97-0.99) compared to the study by Van de Winckel 

et al (0.95, CI 0.91-0.97) [6].  

 

Van de Winckel and co-workers also addressed construct validity, which was 

proven to be sufficient. In our study, despite a lack of perfect gold standard measures, 

we investigated the concurrent validity in relation to M MAS, which seemed a good 

choice since the upper extremity part of MAS has previously been used as a standard 

measure to examine the association between upper extremity instruments [39].  Indeed, 

the results confirmed high concurrent validity. However, our findings need to be 

interpreted with some caution as the M MAS is not a perfect gold standard to evaluate 

quality of movement. In the process of selecting a criterion measure, we excluded time-

based instruments like the Wolf Motor Function Test (WMFT)[40] as the MESUPES 

evaluates quality of movement in a self-selected speed. Further, the FMA and Action 

Research Arm Test (ARAT) [41] did not seem appropriate as they have other theoretical 

backgrounds, and thus evaluate movement performance differently than MESUPES [6]. 

However, since there are several other instruments of the upper extremity in stroke that 

are categorized in the ICF categories body functions/structures and activities [42], we 

would welcome more studies to further evaluate the concurrent validity of MESUPES. 

 

Our study design, as well as the one by Van de Winckel et al [6], reflects common 

clinical scenarios in the sense that patients both in the sub acute and chronic phase, 

respectively, were included and the assessments were performed by different pairs of raters. 

To minimize unwanted variability of clinical ratings, it is preferable that the same rater 

assesses the patient twice [12]. However, in the present study we wanted to compare the 

results with the Van de Winkel´s study [6]. The re-test was made within 48 h to minimize 



changes in the individual patient’s condition that would introduce patient variability. No 

systematic changes were found, indicating that there were no learning effects or effects of 

fatigue. When using the MESUPES, the therapist can repeat the task three times if the patient 

performs the task inadequately, and the therapist is also allowed to make the patient aware of 

the abnormal components of the movement. This strategy gives the patient a chance to truly 

understand and correctly perform the various tasks on test occasions. In addition, the tasks are 

not physically challenging or cognitively exhausting. Even though the average age of patients 

in the present study was younger than what would be usual for many patients after stroke, this 

did not appear to affect the test outcome, as the previous Rasch analysis by Van de Winckel et 

al has showed that age does not contribute to the response of the items [6]. There are three 

important differences in our sample compared to that in the study by Van de Winckel et al [6]. 

Firstly, the sample size was somewhat smaller in our study but yet considered sufficient for 

establishing clinically important changes for MESUPES [30]. Secondly, there were more 

patients who showed better function in the upper extremity as, in contrast to the study by Van 

de Winckel [6], we had no patients in the acute phase and many our patients had already 

undergone rehabilitation. Consequently, the more even distribution across the hand items 

enabled us to calculate weighted kappa of the hand test. Thirdly, the sample in our study had a 

wider range of stroke severity which contributed to higher ICC on the total score. While two 

thirds of the sample had moderate to good function in the upper extremity, some patients 

scored 0 in the arm and hand items.  

 

In the MESUPES arm test, the tone adaptation is evaluated during slow passive 

movements (score 0-1) before proceeding to assisted active movements. This 

hierarchical assessing order assumes that a normal tone adaptation is a prerequisite to 

activate muscles normally, which in turn is a requirement to perform movements 



normally. The way of assessing tone in functional tasks according to the MESUPES is 

an interesting and new approach of assessing tone after stroke compared to other well-

established instruments for instance the Ashworth scale [43]. In the MESUPES the 

performance of the affected arm is compared to the non affected arm or, in presence of 

an interfering pathology to that side, to what is accepted as “normal movement”. The 

concept of “normal movement” is defined in the manual of MESUPES as painless, 

without tremor, executed with a normal range of motion using adequate muscle 

contraction and a normal orientation of the various body segments [6]. The MESUPES 

provides valuable information of quality of movement in the affected arm, which is 

helpful for clinicians when designing individual exercise programs. The scale is possible 

to use regardless of the degree of hemiparesis since the scale encompasses passive, 

assisted and active movements. Therefore, we believe that MESUPES is useful for 

measuring recovery after stroke in adult patients at all stages ranging from the acute 

phase through to a more stable phase.  Further research is nevertheless needed to 

investigate other aspects of the MESUPES, for instance its sensitivity. It would likewise 

seem valuable in future publications to present Rasch converted scores in addition to 

raw scores, since the previous represents an interval scale and the converted score of 

MDC might be more meaningful to the clinicians.  

 

Conclusion 

The MESUPES shows high interrater reliability, and our study provides useful 

estimates of MDC for different levels of certainty. The MDC of the MESUPES, 

obtained by different raters, varies with the strength of the statistical rigor but provides 

useful information to rehabilitation staff of the change over time or after intervention. 

Data suggest that a score change of 8, 7 and 5 is necessary to be 95%, 90% and 80% 



confident, respectively, of a genuine change of function. Although there was a high 

correlation between MESUPES and M MAS as indicative of concurrent validity, further 

investigation of validity aspects is encouraged. Additional research to examine other 

psychometric properties of the MESUPES such as sensitivity is also required to further 

establish its utility. 
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Implications for rehabilitation 

• This study shows that the Motor Evaluation Scale of Upper Extremity in Stroke 

patients (MESUPES) has high absolute and relative reliability. 

• The MESUPES is suggested to be a useful tool to evaluate quality of movement 

in the upper extremity of stroke patients.  

 



 
 

 

Table I. Characteristics of the subjects (N = 42) 

______________________________________________________________________ 
Age in years, mean +SD (range)   56+12 (31-83) 
Gender, male/female, n    27/15 
Side of paresis, right/left, n   21/21 
Stroke subtype, ischemic/hemorrhagic, n  30/12 
Months after stroke, median (IQR)     7 (3.0-15.3) 
Handedness, right/left, n    41/1 
UE M MAS (maximum score = 15), mean +SD (range)  
     Affected arm    10.6+5.5 (0-15) 
     Non affected arm    14.9+0.3 (14-15) 
EQ-5D  
    Mobility:  No problems in walking about, n  21 

Some problems in walking about, n  21 
 
    Self-care: No problems with self-care, n  34 
 Some problems washing or dressing, n    8 
    Usual activities: 
 No problems with performing, n  20 
 Some problems with performing, n  19 
 Unable to perform usual activities, n    3 
______________________________________________________________________ 
SD = standard deviation of mean; IQR = interquartile range (1st quartile to 3rd quartile); UE 
M MAS = upper extremity part of the Modified Motor Assessment Scale; EQ-5D, Euroqol 5 
Dimensions self report questionnaire.  



 
 

 

Table II. Agreement between raters for each item of the MESUPES for the two test occasions (N = 42) 
__________________________________________________________________________________________________________ 
Item   Exact   < 1 score difference   Linear-weighted Kappa                                                   
   Agreement n (%) difference in agreement n (%) (95% CI) 
__________________________________________________________________________________________________________                           
MESUPES arm test 

1. Hand to stomach  31 (74)  39 (93)   0.82 (0.70-0.94) 
2. Hand from stomach to side 29 (69)  40 (95)   0.80 (0.69-0.92) 
3. Arm abduction  35 (83)  41 (98)   0.89 (0.81-0.98) 
4. Arm adduction to side 36 (86)  41 (98)   0.90 (0.82-0.99) 
5. Hand from knee to table 32 (76)  41 (98)   0.86 (0.77-0.95) 
6. Hand to mouth  38 (90)  40 (95)   0.92 (0.84-1.00) 
7. Reach for bottle  33 (79)  41 (98)   0.87 (0.78-0.96) 
8. Hand on top of head 35 (83)  42 (100)   0.91 (0.84-0.98) 

MESUPES hand test 
1. Pinch grip fingers 1 and 2 41 (98)  41 (100)   0.96 (0.88-1.00) 
2. Wrist extension  37 (88)  41 (98)   0.78 (0.58-0.98) 
3. Opposition fingers 1 and 5 40 (95)  42 (100)   0.93 (0.83-1.00) 
4. Extension 3rd finger 39 (93)  42 (100)   0.91 (0.81-1.00) 
5. Spread fingers 2 and 3 31 (74)  41 (98)   0.63 (0.41-0.85) 
6. Extension 5th finger* 35 (85)  41 (100)   0.83 (0.71-1.96) 
7. Lift little bottle 2 cm 37 (88)  42 (100)   0.86 (0.74-0.98) 
8. Rotate dice fingers 1 and 2 32 (76)  42 (100)   0.73 (0.59-0.88) 
9. Index top + rotate dice 34 (81)  42 (100)   0.76 (0.60-0.91) 

__________________________________________________________________________________________________________ 
* N = 41 (one patient had an amputation of the 5th finger since childhood)  
MESUPES, Motor Evaluation Scale for Upper Extremity in Stroke patients; CI, confidence interval.



 
 

 

Table III. Absolute difference in total scores of the MESUPES between two test occasions 
___________________________________________________________________________ 
Differences in  Participants, n Percentage  Cumulative  
MESUPES points (N = 42)    Percentage 
___________________________________________________________________________ 
0  22  52.4  52.4 
1  5  11.9  64.3 
2  3  7.1  71.4 
3  4  9.5  81.0 
4  3  7.1  88.1 
6  1  2.4  90.5 
7  1  2.4  92.9 
11  2*  4.8  97.6 
13  1*  2.4  100 
___________________________________________________________________________ 
* Outliers according to definition in the Method section. 
MESUPES, Motor Evaluation Scale for Upper Extremity in Stroke patients.



 
 

 

Table IV. Reliability analysis of the sub scores and total score of the MESUPES (N = 42) 
_____________________________________________________________________________________________________ 
    Mean (SD) Mean (SD) Mean diff  ICC 
    Test1 test 2 (95% CI)  (95% CI)  
_____________________________________________________________________________________________________ 
Sub score arm (maximum 40)  29.1 (14.8) 29.3 (14.6) 0.24 (-0.85-1.08) 0.98 (0.96-0.99) 
Sub score hand (maximum 18)  12.0 (6.2) 12.3 (6.2) 0.21 (-0.38-0.47) 0.98 (0.96-0.99) 
Total score (maximum 58)   41.1 (20.7) 41.6 (20.5) 0.45 (-0.91-1.43) 0.98 (0.97-0.99) 
_____________________________________________________________________________________________________ 
MESUPES, Motor Evaluation Scale for Upper Extremity in Stroke patients; SD, standard deviation; ICC, intraclass 
correlation coefficients; CI, confidence interval. 
 

 

 

 

 

 

 

 

 

 

 



   
 

  

 

Table V. The Minimal Detectable Change of the sub scores and total score of the MESUPES (N = 42) 

_________________________________________________________________________________________________________ 
    SEM SEM% MDC80 MDC90 MDC95 MDC%
  
_________________________________________________________________________________________________________ 
Sub score arm (maximum 40)  2.20 7.8 3.73 5.12 6.10 21.6 
Sub score hand (maximum 18)  0.94 7.7 1.60 2.19 2.61 21.4 
Total score (maximum 58)   2.68 6.5 4.55 6.23 7.43 18.0 
_________________________________________________________________________________________________________ 
MESUPES, Motor Evaluation Scale for Upper Extremity in Stroke patients; SEM, standard error of measurement; MDC, minimal 
detectable change 
 

 

 

 

 


	forsattsblad-2.pdf
	FULLTEXT01-13.pdf
	Title_Page_MESUPES_revised
	MESUPES_revised
	Supplemental File
	Image_MESUPES_revised


