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Clinical Applicability and Psychometric Properties of Manual
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The Manual Function Test (MFT) is a tool to assess upper extremity motor impairment associated with
stroke. This study investigated psychometric properties of the Korean version of the MFT and to establish
normative data. Eighty-one patients were enrolled to evaluate MFT, Fugl-Meyer Assessment (FMA) and
manual muscle test (MMT). MFT was completed by eight raters on two occasions separated by 6 weeks.
Absolute and relative reliability and validity were examined. Additionally, MFT was assessed on 75 healthy
controls of different ages. Intraclass correlation coefficient (ICC) (2,1) values for total and each dimension
of Korean MFT ranged from 0.984 to 0.998 in the affected side of hemiplegic patients, indicating inter-rater
reliability. Percentage values of standard error of measurement (SEM) and smallest real difference (SRD)
ranged 3.10-10.57% and 8.58-29.29% respectively. Test-retest reliability ICCs for all raters were above
0.98. Effect size (ES) and standardized response mean (SRM) were larger in the acute-subacute group
(onset to initial evaluation < 4 months) (ES = 0.12; SRM = 0.41) than those in the chronic group (onset to
evaluation > 4 months) (ES = 0.01; SRM = 0.11). MFT score was significantly correlated with FMA score (p
< 0.001) and MMT score (p < 0.001). In healthy controls, regression analysis indicated that age
significantly predicts manual function scores on both dominant and non-dominant. The Korean MFT
showed good reliability and validity. Modest responsiveness was observed in patients evaluated early after
stroke onset. The Korean MFT is useful in evaluating upper extremity motor deficits for clinical and
research purposes.
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Introduction

Upper extremity function is crucial for performing
independent activities of daily livings. Patients with stroke
often exhibit persistent impairment of an upper extremity,
particularly in their dexterity (Kwakkel et al. 2003).
Therein, valid and accurate assessment of manual function
is indispensable to documenting disability and evaluating
treatment outcomes. For upper extremity functional assess-
ments to be useful, several criteria should be fulfilled: 1)
use of standardized methods or equipment; 2) comprehen-
sively measure upper extremity function, from proximal
arm movements to distal dexterity; 3) have proven reliabil-
ity and validity; 4) are simple and easy to use; and 5) have

normative data available for comparison (Guyatt et al.
1987; Alt Murphy et al. 2015).

The Manual Function Test (MFT) is a measuring tool
of upper extremity function developed by the Research
Facility for Rehabilitation Medicine at Tohoku University
(Miyamoto et al. 2009). The test was originally designed to
assess motor impairment caused by stroke, the results from
which could be used to develop individualized therapeutic
programs. Comprising simple instructions and a scoring
system that is easy learn, MFT can be readily used to assess
overall upper extremity function in a relatively short time
period (< 10 minutes) (Miyamoto et al. 2009). Another
advantage is that MFT affords clinicians the ability to assess
varying degrees of upper extremity impairment, from mild
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to severe (Miyamoto et al. 2009). Additionally, normative
data for 333 healthy, Japanese subjects are available
(Michimata et al. 2008).

While the relative reliability of MFT has been
reported, its absolute reliability is uncertain. Moreover, the
validity of the MFT has only been assessed in comparison
to Brunnstrom stage of the upper limb and hand, the Stroke
Impairment Assessment Set, and Barthel index (Miyamoto
et al. 2009). The MFT has not been compared with Fugl-
Meyer Assessment (FMA) (Fugl-Meyer et al. 1975), one of
the stroke-specific measurement tools for evaluation of
comprehensive upper extremity function. Also, responsive-
ness, which is defined as the capacity of an instrument to
detect changes over time, has not yet been evaluated for
MFT. Lastly, MFT has yet to be officially translated into
many languages, including Korean. Therefore, the pur-
poses of this study were to establish a Korean version of
MFT in an attempt to facilitate wider and more accurate
application of MFT in Korea and to evaluate its psychomet-
ric properties, which have not been reported. Also, we
aimed to obtain normative data for Koreans.

Materials and Methods

Participants

Patients undergoing inpatient and outpatient rehabilitation from
two university affiliated hospitals were recruited between November
2012 and December 2013. Inclusion criteria were 1) diagnosis of
cerebral hemorrhage or infarction; 2) neurological motor sequelae
affecting unilateral upper extremity; and 3) willingness to be video-
taped. Exclusion criteria were 1) an inability to understand and fol-
low task instructions and/or unable to perform tasks due to poor pos-
tural control; 2) any auditory and/or visual dysfunction; 3)
neurological conditions other than stroke; and 4) previous injury or
any conditions associated with upper extremity functions.

For normative study, we enrolled healthy volunteers between 30
and 80 years of age who had no history of a neurological or psychiat-
ric problem, previous injury, or condition that might affect upper
extremity function.

This study was approved by the institutional review boards of
the CHA Bundang Medical Center and Nowon Eulji Medical Center,
Eulji University. All participants were informed of the purposes of
this study and its procedures, and agreed to participate therein in writ-
ing.

Measures

Manual Function Test: The MFT is designed to determine a
subject’s ability to perform eight tasks related with arm motion and
manipulation (Table 1). Thirty-two standardized criteria are evalu-
ated during the assessment. According to the protocol, subjects are to
attempt each task three times, and the highest score is recorded
(Nakamura and Moriyama 2000). Completion of each criterion is
scored as 1, and total MFT scores range from 0 to 32 points. Manual
Function Score (MFS) can then be obtained by multiplying the total
MEFT score by a scaling factor of 3.125 for a maximum total score of
100 (Nakamura and Moriyama 2000). Further description of the
MFT is provided in the MFT manual (Nakamura and Moriyama
2000).

We obtained permission from the original developer and copy-

Table 1. Eight tasks of the Manual Function Test.

Score
Arm motions
Forward elevation of the upper limb 0-4
Lateral elevation of the upper limb 0-4
Touch the occiput with the palm 0-4
Touch the dorsum with the palm 0-4
Manipulative activities
Grasp and pinch
Grip 0-3
Pinch 0-3
Arm and hand activities
Carry cubes 0-4
Peg board 0-6
Total score 32

Observation items of the Manual Function Test.

right holding company (SAKAI Medical Co., Ltd.) to translate MFT
into Korean. The translation process was conducted according to
general guidelines for cross-cultural adaptation (Beaton et al. 2000)
as follows: 1) forward translation, for which direct translation was
preferred; 2) reconciliation and synthesis by the authors for clearer
understanding; 3) back translation at a notary translation office; and 4)
expert review and confirmation by the MFT copyright holders.

Fugl-Meyer Assessment and muscle strength of the upper
extremities: The FMA assesses motor function, sensory, balance,
range of motion, and joint pain. The maximum motor score for the
upper extremities is 66 points, with individual items rated on a three-
point ordinal scale. According to studies, FMA shows excellent intra-
rater and inter-rater reliability, as well as good construct validity
(Gladstone et al. 2002; Sullivan et al. 2011).

Muscle strength of the upper extremity on the hemiplegic side
was measured using the manual muscle test (MMT) (Medical
Research Council (Great Britain) and University of Edinburgh
Department of Surgery 1976). We assessed flexors, extensors, abduc-
tors, adductors, internal rotators, and external rotators of the shoulder;
flexors and extensors of the elbow and wrist; and flexors, extensors,
abductors, and adductors of the fingers. The grading system, ranging
from “zero” to “normal,” was converted to numerical scoring as fol-
lows: “Zero” to 0, “trace” to 10, “Poor—""to 15, “Poor” to 25, “Poor+”
to 35, “Fair—" to 40, “Fair” to 50, “Fair+” to 60, “Good—" to 70,
“Good” to 80, and “Normal” to 100. Thus, summed MMT scores
ranged from 0 to 1,400. We utilized grades of MMT by converting
into numerical values to evaluate the recovery from paralysis by
adopting previous study methods (Min et al. 2013).

Study protocol

After obtaining informed consent, demographic and clinical
data for each participant were collected through interviews and medi-
cal chart review. The MFT was administered to all participants while
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sitting in a chair. The MFT and FMA were conducted by eight profi-
cient occupational therapists, four from each hospital. All therapists
received detailed training on the measurements, and were given suffi-
cient practice prior to administer the tests. MMT was assessed by
two well-trained physicians. Each subject’s performance on MFT
and FMA was videotaped for initial evaluations. We divided patients
according to the time at which the tests were conducted after stroke
onset: acute-subacute group (onset to initial evaluation <4 months, n
= 43) and chronic group (onset to evaluation > 4 months, n = 38)
(Kreisel et al. 2007). For responsive analysis, we conducted follow-
up assessment of MFT at six weeks after initial evaluation for both
patient groups. Six weeks of follow-up interval was determined
according to previous study results (Hsieh et al. 2007; Sale et al.
2014; da Silva et al. 2015; Wolf et al. 2015) and data availability in
hospitalized patients. To determine inter-rater reliability, all assessors
independently scored the videotaped performances of the initial MFT
conducted by other therapists. Intra-rater reliability analysis was con-
ducted by rescoring the video recordings two weeks after the first
scoring.

Statistical analyses

Descriptive analyses were conducted for all measures in each
group. For normative data, the following analyses were conducted:
simple regression to assess the relationship between age and MFS
score; Mann-Whitney’s U-test to compare total MET scores for sub-
jects in their 30th decade with those for older subjects in each age
decade and to compare performances between male and female sub-
jects; and Wilcoxon’s signed rank test to compare performance scores
for dominant and non-dominant hands in each age group. Spearman
correlation coefficients between age and scores for each dexterity task
were calculated.

The internal consistency of the MFT was explored using
Cronbach’s alpha for total score for all subjects as well as for patients
with stroke only. Values greater than 0.8 were deemed indicative of
acceptable internal consistency (Nunnally 1978).

Intraclass correlation coefficients (ICCs) were calculated to
obtain inter- and intra-rater reliabilities; ICC (2,1) was for inter-rater
reliability, and ICC (1,1) was for intra-rater reliability. ICCs greater
than 0.9 are required for clinical decision making (Nunnally 1978; Ko
and Kim 2013).

Absolute reliability was measured by calculating standard error
of measurement (SEM) and the smallest real difference (SRD). SEM
reflects the standard deviation of measurement errors, providing
information on the magnitude of score error variabilities in repeated
measurements (Atkinson and Nevill 1998, Beckerman et al. 2001).
The equation for calculating SEM is as follows: SEM = SDV(1-ICC)
(Atkinson and Nevill 1998), where SD is the standard deviation of the
assessed scores. SEM% was calculated to determine the error magni-
tude independent of the units of measurement as follows: SEM% =
(SEM/mean) x 100 (Flansbjer et al. 2005b). Expressing SEM as a
percentage, error magnitude could be compared across samples and
experimental conditions. Thus, SEM% represents the smallest
change at which improvement in a group of subjects following any
intervention can be detected (Flansbjer et al. 2005b). Tests with a
SEM% of less than 10% are considered sensitive enough to detect
clinically relevant changes (Flansbjer et al. 2005b; Liaw et al. 2008).
SRD represents the smallest true change exceeding measurement
noise on repeated testing (Beckerman et al. 2001). A score exceeding
this range indicates a true clinical change. The SRD was calculated

using SEM as follows: SRD = 1.96V2(SEM) (Beckerman et al. 2001),
where 1.96 constitutes the z score associated with a 95% level of con-
fidence and 2 signifies the variance of two measurements. SRD was
also expressed as a percentage value as SRD% (Flansbjer et al.
2005b). The equation for calculating SRD% was as follows: SRD%
= (SRD/mean) x 100 (Flansbjer et al. 2005b).

Responsiveness was determined by effect size (ES) (Kazis et al.
1989) and standardized response mean (SRM) (Liang et al. 1990),
and paired ¢ test (Husted et al. 2000) was used to examine the signifi-
cance of the change in scores evaluated six weeks apart for acute-
subacute and chronic groups respectively. ES was calculated by
dividing the mean change in scores after six weeks by the standard
deviation of the baseline scores (Kazis et al. 1989). SRM was calcu-
lated as the mean change in scores after six weeks divided by the
standard deviation of the change in scores (Liang et al. 1990).
According to Cohen’s criteria, an effect size greater than 0.8 is to be
considered large, 0.5 to 0.8 as moderate, and 0.2 to 0.5 as small
(Cohen 1988).

To determine the construct validity of the MFT, Spearman cor-
relation coefficients between MFT scores and FMA and MMT scores
were calculated, respectively. For further analysis, we extracted the
sum scores of shoulder/elbow/forearm section of FMA as an arm sub-
scale, and sum scores of hand section as a hand subscale (Fugl-Meyer
et al. 1975). We adapted the following criteria to interpret the magni-
tude of the correlation coefficients: > 0.6 indicated excellent validity,
0.3 to 0.6 adequate validity, and < 0.3 poor validity (Sivan et al.
2011). All data were analyzed using SPSS software for Windows,
version 23.0.

Results

Characteristics of the participants

A total of 81 patients with stroke and 75 healthy con-
trols were recruited in this study. The characteristics of the
participants are reported in Table 2.

Analysis of normative data

Mean total MFT score for all healthy participants was
31.6 = 0.8. We observed significantly poorer performance
on the MFT in individuals older than 50 compared to those
in their 30s (Table 3). Regression analysis indicated age as
significant predictor of lower MFS scores on the non-domi-
nant side (f = —0.60, ¢ [86] = —6.34, p < 0.001), and age
explained 35.5% of the variance in MFS scores for the non-
dominant hand (R*= 0.36, F (1,73) = 40.15, p < 0.001). For
the dominant side, age significantly predicted lower MFS
scores (f =—0.45, ¢ [92] = —4.27, p < 0.001) and explained
20% of the variance therein (R*= 0.20, F (1,73) = 18.20, p
< 0.001) (Fig. 1). MFT scores for dominant hands were
significantly better than those for non-dominant hands
among subjects in their 60s and 70s (60s, z = —2.53, p =
0.011 r = -0.21; 70s, z = —2.0, p = 0.046, r = —0.16); this
difference was not observed in those under the age of 60
years.

The scores of two manual dexterity tasks (carrying
cubes and moving pegs) decreased with increasing age.
Relationship analyses revealed strong and moderate nega-
tive correlations between age and peg-board scores for
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Table 2. Subject characteristics.

Patient (n =8

1

Healthy control (n = 75)

Age (years)

Sex (male/female)

Stroke type (n)

Infarction

Hemorrhage

Time from onset to initial
evaluation (months)

Acute-subacute/Chronic’

Hemiplegic side

Right/ Left

Hemiplegic dominant hand

Right/ Left

60.2+t124

42/39

45
36

23.7+£413

43/38

47/34

47/0

539+ 13.6

34/41

N.A.

N.A.

N.A.

N.A.

N.A.

Values are mean + SD for age and time from onset to initial evaluation.

N.A., not applicable.

*QGroups were divided according to the initial evaluation time from the stroke
onset by 4 months.

Table 3. Score of total Manual Function Test in each age groups (n = 75).

Dominant side

Age group All (n=175) Male (n = 34) Female (n =41) p value

(yrs) n score n score n score vs. 30s  Male vs. Female
30-39 15 320400 6 320+0.0 9 32.0+0.0 - n.s.

40-49 15 319404 7 319+04 8 319404 n.s n.s.

50-59 15 31.7+05 7  31.6+05 8§ 319+04 0.035 n.s.

60-69 15 31.6+0.7 7  314+08 8§ 31.8+0.7 0.035 n.s.

70-79 15 307+13 7 303+14 8§ 31.0+1.2 0.001 n.s.
Non-dominant side

Age group All (n=75) Male (n = 34) Female (n =41) p value

(yrs) n score n score n score vs. 30s  Male vs. Female
30-39 15 320400 6 32.0+0.0 9 32.0+0.0 - n.s.

40-49 15 319403 7  32.0+0.0 8 319+04 n.s. n.s.

50-59 15 315406 7 313408 8 31.6+0.5 0.003 n.s.

60-69 15 31.1+1.0 7 31.0+14 8 31.1+£0.6 0.001 n.s.
70-79 15 30.1+13 7  293+1.0 8 309+1.0 <0.001 0.014

Values are mean + SD for total MFT score.
MFT, Manual function test; n.s., not significant.
p values were calculated using the Mann-Whitney U-test.
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Fig. 1. Relationship between age and Manual Function Score in healthy controls.
Panel A shows normative data of dominant hands. Panel B shows normative data of non-dominant hands.

dominant and non-dominant hands, respectively (r,= —0.41,
n=75,p <0.0001: r,=-0.64, n =75, p < 0.0001). Weak
correlations were identified between age and task scores on
the cube carrying task for both dominant and non-dominant
hands (r,=—0.35,n =75, p = 0.002; r,=—0.32,n =75, p =
0.005). Scores for other six tasks evaluating arm motion,
grasping, and pinching were excellent in all age groups.

Internal consistency

Cronbach’s coefficient alpha for the eight MFT tasks
performed by all participants including healthy subjects was
0.966 (95% confidence interval (CI) = 0.959-0.972). For
patients only, it was 0.971 (95% CI = 0.960-0.979), indicat-
ing very good internal consistency for all tasks of the MFT.

Reliability

As for inter-rater reliability, ICC (2,1) values for total
scores and scores for each dimension ranged from 0.984 to
0.998, showing excellent inter-rater reliability. The SEM
values for each dimension ranged from 0.08-0.18, and those
for total MFT and MFS scores were 0.47 and 1.48, respec-
tively. SEM% values ranged from 3.17% for the forward
elevation task to 10.57% for the carry a cube task. SRD
values for each dimension were all less than 1; values of
total MFT and MFS scores were 1.31 and 4.10, respec-
tively. SRD% values ranged from 8.78% for the forward
elevation task to 29.29% for the carry a cube task (Table 4).

The relative and absolute intra-rater reliabilities of the
MFT for each therapist are shown in Table 5, from the
smallest to the largest values for each dimension. All ICC
(1,1) values for total scores and scores for each dimension
were above 0.98. SEM and SRD values for each dimension
were all less than one.

In intra-rater study, two experienced therapists in
administering MFT showed perfect test-retest reliabilities,
such that their SEM and SRD values were calculated as

zero. Meanwhile, four other therapists, who were novice
MFT administrators, showed lower reliabilities with less
than 10% of SEM% values for total MFT scores, which
were quite good.

Validity

Responsiveness: To determine the responsiveness of
the MFT, we calculated ES and SRM for two different
groups divided according to the time elapsed since stroke
onset (Table 6). Even though all values were less than 0.5,
ES and SRM values for the acute-subacute group were
larger than those for the chronic group. Paired 7 test
revealed significant improvement in MFT scores in the
acute-subacute group (¢ [42] = 1.33, p = 0.011), but not in
the chronic group (¢ [37] = 3.25, p = 0.52). Further analysis
was conducted for a subgroup of patients from the acute-
subacute group: We extracted data from patients (n = 13)
who underwent baseline assessment earlier than one month
after stroke onset. Therein, ES was 0.34 and SRM was
0.62, indicating a greater mean change between assess-
ments in acute-onset patients than in chronic patients.

Construct validity

Correlations between MFT scores and comparable
measures are shown in Table 7. Overall, strong correlations
were found between MFT and total scores for FMA (| | >
0.861, p < 0.001) and MMT (|r,|> 0.790, p < 0.001).
Correlation coefficients between arm motion items in MFT
and the FMA arm subscale were higher than those for other
MFT items. Grasping and pinching items in MFT showed
strong correlations with the FMA hand subscale (r,= 0.90, p
<0.001).

Discussion

Normal study
Analysis of our normative data revealed that age sig-
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Table 4. Scores on the Manual Function Test and values of inter-rater reliability test assessed by eight raters (n = 81).

Dimension Mean score ICCq,1) 95%CI SEM SEM% SRD SRD%
Forward elevation 26 % 15 997 .995-.998 0.08 3.17 0.23 8.78
Lateral elevation 24 + 14 987 .983-.991 0.16 6.72 0.46 18.62
Occiput with the palm 26 + 14 991 .987-.993 0.14 5.30 0.38 14.68
Dorsum with the palm 20 % 14 984 .979-.989 0.18 8.02 0.50 22.24
Grasp 17+ 15 .996 .994-.997 0.09 5.37 0.26 14.89
Pinch 12 % 13 .992 .989-.994 0.12 9.55 0.33 26.47
Carry a cube 12+ 13 991 .987-.993 0.13 10.57 0.35 29.29
Peg-board 13+ 16 .995 .993-.996 0.12 8.90 0.32 24.66
Total -MFT 153 + 10.6 .998 .998-.999 0.47 3.10 1.31 8.58

Values are mean + SD for mean score.
ICC,,,), intraclass correlation coefficient for inter-rater reliability; 95% CI, 95% confidence interval; SEM,
standard error of measurement; SRD, smallest real difference.

Table 5. Ranges of values of intra-rater reliability test assessed by eight raters (n = 81).

Dimension ICCq. SEM' SEM% SRD' SRD%
Forward elevation 994-1.0 0-.11 0-4.44 0-.32 0-12.29
Lateral elevation .982-1.0 0-.19 0-7.97 0-.54 0-22.08
Occiput with the palm :992-1.0 0-.13 0-5.07 0-.37 0-14.04
Dorsum with the palm 982-1.0 0-.19 0-8.57 0-.53 0-23.76
Grasp .986-1.0 0-.17 0-9.94 0-.48 0-27.55
Pinch 983-1.0 0-.17 0-13.88 0-48 0-38.48
Carry a cube .986-1.0 0-.16 0-13.47 0-.44 0-37.35
Peg-board -984-1.0 0-.21 0-15.92 0-.58 0-44.13
Total MET .998-1.0 0-.47 0-3.08 0-1.31 0-8.53

Values are range of minimum and maximum of each statistic values.

ICC(H), intraclass correlation coefficient for intra-rater reliability; SEM, standard error of measure-
ment; SRD, smallest real difference.

*Lower scores correspond to better statistics.
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Table 6. Responsiveness of Manual Function Test assessed by six weeks interval according to chronicity of

stroke (n = 81).

Subgroup Mean change SD ES SRM p-value
Acute-subacute (n = 43) 1.33 3.25 0.12 0.41 0.011
Chronic (n = 38) 0.08 0.75 0.01 0.11 0.520
Total group (n = 81) 0.74 2.49 0.07 0.30 0.009

SD, standard deviation of changes; ES, effect size; SRM,
p values were calculated using the Paired t-test.

Table 7. Associations between performance on

standardized response mean.

Manual Function Test and other tests of upper

extremity.

FMA FMA-arm FMA-hand MMT
Forward elevation .890* .906%* .837* .814%*
Lateral elevation .878%* .887* 782% 798%*
Occiput with the palm .909* .909%* .875% .826%*
Back with the palm .887* .868%* .861* .790%*
Grasp .861* .827* .900* .825%
Pinch .888* .866* .900* .830%*
Carry a cube .886* .853* .846%* .843%*
Peg-board .873* .855% .850* .838*
MFS .960* 947* .889* 877*

The values are Spearman rho scores (*p < 0.001).

FMA, the total score of Fugl-Meyer Assessment-Upper Extremity; FMA-arm, the total score of
arm subscale of Fugyl-Meyer Assessment-Upper Extremity; FMA-hand, the total score of hand
subscale of Fugyl-Meyer Assessment-Upper Extremity; MMT, total score of upper extremity part

of the Manual muscle test.

nificantly predicts performance on the MFT. In regression
analysis, age explained a greater amount of variance in
scores for the subject’s non-dominant side than scores for
the dominant side. Also, similar to a previous study
(Michimata et al. 2008), lower scores on the cube-carrying
and peg-board tasks were associated with increasing age.
Accordingly, we cautiously suggest that poor performance
on MFT tasks evaluating motor functions might suggest
problems in upper extremity function.

As in Rotterdam study, age is regarded as the most
influential factor which has impact on dexterity
(Hoogendam et al. 2014). However, there are conflicting
results on factors influencing the determination of manual
asymmetries (Weller and Latimer-Sayer 1985; Przybyla et

al. 2011). It is considered that manual asymmetries or gen-
der differences in measures of dexterity are mostly task-
specific (Francis and Spirduso 2000; Francis et al. 2015;
Sivagnanasunderam et al. 2015).

Reliability

In this study, we found the intra-rater and inter-rater
relative reliabilities, in terms of ICC, to be excellent (ICC >
.90) for total scores on the MFT as well as each of its eight
individual tasks. Our reliability coefficients were compara-
ble to those reported in a previous study on patients with
stroke in Japan, where MFT was first developed (Miyamoto
et al. 2009). However, high ICCs do not necessarily imply
that the test is suitable for clinical use. For more meaning-
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ful information, assessment tools should display small mea-
surement errors that are sensitive enough to detect real
changes in both individual subjects and groups thereof.
Thus, we assessed absolute reliability by calculating SEM,
SEM%, SRD, and SRD%. To the best of our knowledge,
this study was the first to investigate the absolute reliability
of the MFT.

In our study, the inter-rater and intra-rater SRD% val-
ues for total MFT scores were satisfactory low. However,
scores for individual subtests are reported higher.
Notwithstanding, as percentage values of SEM and SRD
are influenced by the mean score of each item in the test,
since mean values serve as the denominator for percentage
calculations, measurement noise should be taken into con-
sideration when interpreting reliability results. The bench-
mark score of a functional hand is 22 or above for total
MFT score (Sone et al. 2015), and in the present study,
more than 50% of the patients had a non-functional hemi-
plegic hand (total MFT score less than 22). Thus, mean
scores for tasks with manipulative activities were low, and
as a consequence thereof, percentage values of SEM and
SRD increased. Accordingly, we would not suggest that
our results invalidate MFT assessment.

Herein, SRD values for scores in each dimension were
all below 1 point, and that for total MFT score was below 2
points. These findings indicate that a change in sub-dimen-
sion scores by 1 point and a change in total MFT scores by
2 points, as assessed by different raters for an individual
patient after intervention, imply a real change with 95%
certainty. As the results of our inter-rater reliability study
reflect computation data for MTF assessments conducted
by eight therapists, we deemed the SRDs small enough to
be significant.

Validity

Validity in terms of responsiveness: While paired ¢ test
indicated that there was a significant improvement in scores
evaluated six weeks apart for the acute-subacute group, the
overall results only showed modest improvement. The low
values of ES and SRM may have arisen from the fact that
the state of our patients was somewhat severe and that the
6-week interval between the baseline and follow-up mea-
surements was not long enough to detect significant
changes. Indeed, Chen et al. (2014) reported that ES and
SRM values for FMA increased with longer time intervals
between assessments.

Construct validity: In this study, the construct validity
of the MFT was estimated by calculating Spearman correla-
tion coefficients for associations between MFT and FMA
and MMT scores. The validity of the MFT showed good
correlations with both measures. Notably, closer associa-
tions between MFT and FMA were identified for sub-
domains of similar movements (e.g., arm motion on MFT
and the arm subscale on FMA; grasp and pinch items on
MFT and the hand subscale on FMA). As FMA is a widely
used functional scale of the upper extremities in patients

with stroke and as its validity and reliability are well-estab-
lished, these findings confirm the validity of using the MFT
to assess upper extremity function in patients with stroke.
Importantly, this study is the first to report validation results
for the MFT in relation to FMA.

Study Limitations

In this study, we primarily assessed the effect of the
examiner on reliability. The reliability of an assessment
tool can also be influenced by day-to-day variability, the
test procedure itself, and the environmental conditions in
which the assessment was performed (Sole et al. 2007).
Hence, further study of the reliability of MFT in relation to
these factors may be required. In addition, previous studies
have indicated that SEM and SRD values can differ depend-
ing on whether the tasks are conducted by either the paretic
or non-paretic side of patients with hemiplegia (Patten et al.
2003; Flansbjer et al. 2005a). Thus, motor impairment
would likely affect the absolute reliability values of tests
such as the MFT. Therefore, a larger sample of patients
with stroke differing in levels of motor impairment is
required to study whether the absolute reliability of the
MFT differs according to impairment severity. Also, as
seen in this study, a rater’s familiarity with and proficiency
in a specific tool affects performance. In this respect, fur-
ther reliability study including raters of similar proficiency
in MFT may be warranted. Lastly, although fine motor skill
is mostly affected by age in non-demented elders
(Hoogendam et al. 2014), cognitive deficit may influence
dexterity (de Paula et al. 2016). Since we did not evaluate
cognitive function in our healthy participants, any influence
by cognitive deficits may not be excluded especially in our
older participants.

Conclusion

Our results confirmed that the Korean version of MFT is a
highly reliable and valid instrument for the assessment of upper
extremity function in patients with hemiplegic stroke.
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