J. Phys. Ther. Sci.
24: 893-899, 2012

Reliability, Concurrent Validity, and
Responsiveness of the Fugl-Meyer Assessment
(FMA) for Hemiplegic Patients

Heesoo KiM, PhD student, OTV, JinganG HEr, PhD, PTY, Jooyeon Ko, PhD, PT?,
DonG-sik Park, PhD, MD?, Ji-HEa Woo, PhD student, PTY,
YouncyouL You, PhD student, PTY, Younceun Crol, PhD student, PTV

U Department of Rehabilitation Therapy, Graduate school of Hallym University : 1 Hallymdaehak-gil,
Chuncheon,Gangwon-do, 200-702 Korea. TEL: +82 10-8712-5791, E-mail: jghur7@empas.com

) Department of Rehabilitation Medicine, CHA Bundang Medical Center

3 Department of Rehabilitation Medicine, Hallym University College of Medicine

Abstract. [Purpose] The purpose of this study was to determine the reliability, validity, and responsiveness of the
Fugl-Meyer Assessment (FMA) for hemiplegic patients. [Subjects] For the reliability and validity study, 50 patients
with stroke (26 males, 24 females) were recruited. For the responsiveness study, 16 hemiplegic patients (8 males, 8
females) participated. [Methods] Two physical therapists and one occupational therapist rated 50 video recordings
of hemiplegic patients using the FMA to test the inter-rater reliability, and one physical therapist (rater A) rated each
of the 50 video clips on two occasions, two weeks apart, to evaluate the test-retest reliability. Responsiveness was
calculated three months after the baseline assessment. Reliability was calculated using the intraclass correlation
coefficient (ICC), standard error of measurement (SEM), and smallest real difference (SRD). Concurrent validity
was examined using Pearson’s correlation coefficient and responsiveness was calculated using the effect size (ES)
and standardized response mean (SRM). [Results] Assessment using the FMA showed high relative reliability, and
the absolute reliability was satisfactory for the inter-rater and test-retest reliabilities. The correlations between mo-
tor function of the FMA and the Jebsen-Taylor hand function, grip power, motor assessment scale (MAS), and the
Berg balance scale (BBS) were moderate to good, and were highly significant (p<0.05), while responsiveness was
moderate to large. [Conclusion] The results indicate that the FMA is a reasonable assessment of the function of the

upper and lower extremities of patient with stroke.
Key words: Reliability, Validity, Responsiveness

(This article was submitted Apr. 3, 2012, and was accepted May 8, 2012)

INTRODUCTION

Hemiplegic patients suffer from sensory-motor deficit,
decreased passive joint motion, and joint pain'. These
impairments have a profound effect on patients’ activities of
daily living and on rehabilitation outcomes. Therefore, the
function of patients with hemiplegia caused by stroke needs
to be assessed in order to identify the degree of functional
damages, and intervention plans need to be accompanied by
evaluations of their outcomes?.

Outcome evaluation tools need to meet a diversity of
psychometric criteria and should have high reliability.
Reliability refers to the consistency of a test or measurement,
and inter-rater, and test-retest reliabilities are necessary for
clinical outcome measures. Inter-rater reliability measures
the degree of consistency of the results when two or more
raters test the same subject using the same assessment
method at the same time?®. Test-rest reliability is the degree
of consistency in the results when a single person measures
the same item twice®. Reliability may also be divided into
relative and absolute reliabilities®). Relative reliability

is determined using the intraclass correlation coefficient
(ICC)?, and absolute reliability is determined with the
standard measurement error (SEM) and smallest real
difference (SRD)”. Some outcome evaluation tools have
a high validity and the interrelationship between widely
used valid evaluation tools and FMA, in other words, their
concurrent validity, needs to be investigated®. Respon-
siveness is the most important psychometric property of
outcome evaluation tools, and it also needs to be estimated.
Responsiveness refers to the ability of an instrument to
detect a clinically relevant change, and the effect size (ES)
and standard response mean (SRM) are usually used to
quantify the change?.

Various tools are available to evaluate the functional
recovery of hemiplegic patients after treatment or after a
certain amount of time has lapsed. The Jebsen-Taylor hand
function test, the grip power test!% '), the Action Reach Arm
Test (ARAT)'?), the Berg Balance Scale (BBS)'?), the Motor
Assessment Scale (MAS)', and the FMAD which include
domains such as motor function and balance, sensation
qualities, passive range of motion, and joint pain are the
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most widely used'>!7). Research on the reliability and
validity of the FMA has been conducted, but the majority of
the research has only examined reliability and validity in one
or two domains, not all the domains, or either of the upper
or lower extremity? ! 19, Michaelsen et al. reported that the
FMA has a reasonable reliability for total motor scores of the
upper extremity (ICC=0.98), lower extremity (ICC = 0.90),
movement sense (ICC = 0.98), upper and lower extremities’
passive range of motion (ICC=0.84 and 0.90, respectively),
and tactile sensitivity (ICC =0.75) however, they had only
evaluated the inter-rater reliability??).

As mentioned above, a reliable evaluation tool should
have a high responsiveness as well as high reliability and
validity. In particular, test-retest reliability is closely
associated with responsiveness, therefore evaluating test-
retest reliability and responsiveness together is desirable®.
As far as we know, most research on the concurrent validity
and responsiveness of the FMA has looked at the upper
extremity functions. Motion function was highly correlated
with the action research arm test (ARAT) and the box and
block test (r= 0.925 and 0.921, respectively)'®), and van der
Lee et al. reported that intensive treatment for 22 chronic
stroke patients’ upper extremity functions gave a respon-
siveness ratio of 0.41'?),

The aim of present study was to evaluate the inter-rater
and test-retest reliabilities, concurrent validity, and respon-
siveness of the FMA in all the domains of motor function,
sensation, passive range of motion, and joint pain of the
upper and lower extremities. We also aimed to provide
useful outcome evaluation tools for both clinical and
research purposes.

SUBJECTS AND METHODS

The Fugl-Meyer Assessment was first presented in
1975 as ‘a method for evaluation of physical performance
following stroke". The FMA version used in the present
study, was a 212-point multi-item scale, which was divided
into 4 domains: motor function, sensation qualities, passive
range of motion, and joint pain. Each domain contains
multiple items, each scored on a 3-point ordinal scale (0 =
cannot perform, 1= perform partially, 2 = perform fully).
The motor domain includes items that evaluate movement,
coordination, and reflex activity of the shoulder, elbow, wrist,
hand, hip, knee, and ankle. The motor score ranges from 0 to
100 points (66 points for the upper extremity and 34 points
for the lower extremity). The sensation domain includes
light touch and position, and the score range is 0 to 24 points
(12 points each for the upper and lower extremities). The
passive range of motion and joint pain scores range from 0
to 44 points (24 points for the upper extremity and 20 points
for the lower extremity).

The subjects were a convenient sample of 50 inpatients
(26 males and 24 females) with stroke from three rehabili-
tation hospitals in South Korea who we treated from May
to October 2011. Their ages ranged from 47 to 72 years
old. The inclusion criteria were: hemiplegia resulting from
a cerebrovascular accident (CVA), not from trauma, brain
tumor, surgery, or any other etiology; the date of onset

of hemiplegia was at least six months before the date of
assessment; the patient had been admitted for one-month
of intensive rehabilitation therapy (two sessions of physical
therapy and two sessions of occupational therapy per day, for
5 days a week); and the ability to understand instructions and
to be oriented to name, time, and place as recommended by
the original author!. All participants signed a consent form
approved by the Hallym University Institutional Review
Board (HIRB) which included consent to being videotaped.

Initially, a balance domain was added to motion function
of the FMA to give a total of five domains with a total score
of 226. However, in the present study, we used the original
author’s version of the FMA, which consists of four domains
with a total score of 212.

For this reason, in the present study, we translated the
English version of the FMA into Korean with the permission
of the original author. The translation procedures followed
the forward-backward-forward method by two of the authors,
and we discussed any minor problems of the translation with
the original author and corrected them.

Prior to the actual evaluation, three raters (physical
therapists, A and B, and an occupational therapist C), and
one assistant participated in a three hour workshop on two
occasions. The workshop was run by a senior therapist with
20 or more years of clinical experience. After the workshop
ended, a pre-test trial was performed twice with five patients
as subjects. Then, all tests were carried out by the senior
therapist and the procedures were video-recorded by the
assistant. The three raters then started scoring the FMA
performance of the patients using the video-recordings. The
three raters’ experience of the treatment of stroke patients
averaged 7.2 years (from three to twelve years). Evaluation
was made in a treatment room with which the subjects were
familiar in order to minimize measurement errors, and
efforts were made to equalize the time of each evaluation.
The patients wore light clothes and had bare feet, and the
senior therapist and the patients’ guardians took part.

Inter-rater reliability was measured by the three raters’
watching the first video-recordings of the 50 subjects. Each
scoring session was held over four days without discussion
of the scores among the raters. To examine the test-retest
reliability, all participants were scheduled to participate in
two separate test sessions separated by an interval of two
weeks. Rater A, who is a physical therapist with more
than 7 years experience, scored 50 video recordings in the
two scoring sessions, which were two-weeks apart. This
assessment interval is generally believed to be a reasonable
compromise between recollection bias and unwanted clinical
change?!). Fortunately, no patients dropped out before the
second test.

To determine the concurrent validity, rater A performed
the Jebsen-Taylor hand function test, the grip power test
using a Jamar dynamometer, and scored the MAS and the
BBS the day after making the first FMA evaluation of the
video recordings. The Jebsen-Taylor hand function test
is composed of seven standardized sub-tests of the most
frequently conducted hand function activities such as
writing short sentences and turning up cards. The time taken
to perform the tasks was measured using a stopwatch. Grip



power was measured with the Jamar dynamometer using
hydraulic pressure, with the subject seated, the shoulder
joints in abduction and neutral rotation, the elbow joints
flexed at 90 degrees, and the wrists in a neutral upward
position. Measurements were taken on both hands three
times and the average values were used in the analysis'®).
The MAS consists of nine items (supine to side lying,
supine to sitting to standing, etc.). Eight items evaluate
the functions of different body parts and one item assesses
muscle tension on the affected side. A score from zero to six
points is assigned to each item, which was measured three
times. The best score was used'¥. The BBS is composed
of 14 items assessing hemiplegic patients’ balance abilities
which are scored from zero to four points giving a maximum
score of 56 points, with a higher score suggesting a better
balance function'?,

To calculate the responsiveness for the same subjects, one
additional follow-up assessment was conducted at 3 months
after the baseline assessment. Among the fifty original
participants, data were available for 16 who continued
physical therapy after the baseline assessment.

Other information about general characteristics was
obtained by reviewing medical records. The total score of
each tool was analyzed?” and descriptive statistics were
calculated. For relative reliability, the ICC;; with 95%
confidence intervals (CI) was used to evaluate the inter-rater
and test-retest reliabilities of each domain and total score
of the FMA. According to Polit and Hungler, a reliability
coefficient of at least 0.70 is sufficient for group compar-
isons??). For absolute reliability, the SEM and the SRD were
calculated. The SEM represents the SD of measurement
errors and is calculated as follows: SEM = SD v 1-ICC2).
A lower score means a smaller measurement error. The
SRD value of less than V2 x 1.96 x SEM = 2.77 x SEM
is expected to admit the results of 95% of the ratings¥.
Pearson’s correlation coefficient was determined to examine
the inter-relationships among the FMA, the Jebsen-Taylor
hand function test, the grip power test, the MAS, and the
BBS. According to Meyer, a correlation coefficient r > 0.8
indicates a high correlation, r = 0.6-0.8 indicates a good
correlation, r = 0.4-0.6 indicates a moderate correlation, and
r > 0.4 indicates a poor correlation?®. For responsiveness,
the ES was calculated by dividing the mean change with the
SD of the baseline. The SRM was calculated by dividing
the mean change with SD of the changes. According to
Cohen’s criteria, an ES greater than 0.8 is large, 0.5 to 0.8 is
moderate, and 0.2 to 0.5 is small29.

RESULTS

Characteristics of the subjects and descriptive statistics
are presented in Tables 1 and 2. For inter-rater reliability, the
ICCs ranged from 0.930 to 1.000 and the SEMs were 0.00
to 2.15; the SRDs ranged from 0.39 to 5.96 for the motor
function, sensation, passive joint motion, and joint pain of
the FMA (Table 3). For test-retest reliability with an interval
of two weeks, the ICCs were 0.834 to 0.972. The SEMs
ranged from 0.85 to 3.25 and the SRDs from 2.35 to 9.00
(Table 3).
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For concurrent validity, the relationship between the upper
extremity motor function of the FMA and Jebsen-Taylor
hand function was 0.757 (p<0.05), and the relationship
between the lower extremity motor function of the FMA and
the MAS was 0.725 (p<0.05) (Table 4).

The responsiveness of the FMA at three months after the
baseline assessment is shown in Table 5. The ES and the
SRM of the upper extremity motor function were 0.69 and
1.00, and 0.64, and 0.73 for the motor function of the lower
extremity.

DISCUSSION

Our results indicate a satisfactory level of responsiveness
as well as relative and absolute reliabilities of the FMA,
based on calculations of the ICC, SEM, SRD, ES, and
SRM. The upper and lower motor functions of the FMA
demonstrated good concurrent validity with other outcome
measures.

For relative reliability, the ICC of the inter-rater
reliability was more than 0.930 for all domains, whereas in
previous research, the ICC of sensation and pain domains
were 0.85 and 0.61, respectively?”). Diverse factors such
as study design, subject groups, and treatment intervention
methods affect the reliability evaluation. The factors related
to study design include measurement time interval, evalu-
ation method, and the number of people being measured.
Factors associated with study subject groups are the
diagnosed disease, age, gender, emotional conditions, and
cognitive levels?®). All of these factors can greatly influence
not only error dispersion but also deviation among subjects,
and accordingly the present study considered measurement
intervals. In addition, all of the raters received training in the
use of the assessment tools, discussed their implementation,
and conducted pretests.

The ICC of the test-retest reliability was higher than 0.9
for the motor function total, upper extremity motor function,
and lower extremity sensation, 0.962, 0.972, and 0.921
respectively. For the other domains, the ICC ranged from
0.828 to 0.883. As far as we know, there has been almost no
previous research on the test-retest reliability of the FMA.
The establishment of trustworthy test-retest reliability is
very important for the clinical application of outcome evalu-
ation tools in a rehabilitation environment. This is because
patients’ conditions and the effects of treatment interventions
with lapse of time need to be quantified through compre-
hensive evaluation®”. However, research on reliability
mostly employs ICC, which does not provide information
about measurement errors. Therefore, the SEM should also
be calculated, as a high ICC does not necessarily mean a
small measurement error>?). For instance, the ICCs for motor
function and joint pain of the upper extremity were 0.972
and 0.830, respectively, and the SEMs were 3.25 and 2.23.
The ICC indicates the motor function of upper extremity is
more reliable, but the SEM indicates that joint pain of the
upper extremity is more reliable. The SEM and the SRD
represent the reliability better than the ICC3D.

For absolute reliability, we calculated the SRD for each
of the FMA domain and the FMA total score. This provides
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Table 1. Summary of sample characteristics

Variables Reliability & validity (N=50) Responsiveness (n=16)
Gender

Male 26 (52.0) 8 (50.0)

Female 24 (48.0) 8 (50.0)
Type of stroke

Hemorrhage 29 (58.0) 10 (62.5)

Infarction 21 (42.0) 6 (37.5)
Affected side

Right 22 (44.0) 3(18.8)

Left 28 (56.0) 13 (81.3)
Age (years) 595+ 124 55.1+£12.7
Stroke onset time (years) 24+1.8 1.6+£0.5
MMSE 243+34 24.5+3.6
Jebsen-Taylor Hand function 20.1+2.2 21.2+233
Grip power 73+98 6.0+73
MAS total 36.2+12.5 375+12.3
BBS total 50.5 +13.8 563+ 124

Values are n (%) or Mean (SD), MMSE: Mini mental state examination, MAS: Motor assessment
scale, BBS: Berg balance scale

Table 2. Descriptive statistics of the first and second Fugl-Meyer Assessment (FMA) of hemiplegic patients

Rater A Rater B Rater C
Mean + SD 11\\4/11;: Mean = SD l\l\//l[;n); Mean + SD l\l\//l[;n);
1st Motor function total 60.2 +£253 4-99 60.1 £25.6 4-99 59.8+254  4-99
1st U/E Motor function 38.9+19.2 4-66 38.8+19.2 4-66 38.8+19.3  4-66
1st L/E Motor function 21.3+£8.0 0-34 21.3+84 0-34 209+ 8.2 0-34
Ist sensation total 18.1+6.4 0-24 18.1+£6.5 0-24 18.1+6.3 0-24
1st U/E Sensation 84+3.6 0-12 8.5+3.5 0-12 84+£3.6 0-12
1st L/E Sensation 97+34 0-12 9.6+3.5 0-12 97+34 0-12
Ist Passive joint motion total function ~ 40.6 + 4.9 24-47  40.6+£4.7 26-44  40.6+4.6 26-44
1st U/E Passive joint motion 21.8£3.3 10-24 21.8+3.2 1024 21.8+3.3 1024
Ist L/E Passive joint motion 18.8+2.4 11-24 187+2.2 11-20 18.8 +2.1 12-20
Ist Joint pain total 39.0+84 0-44 39.1+8.4 0-44 39.1+79 0-44
Ist U/E Joint pain 20.7+5.1 0-24 20.8+5.1 0-24 20.6 £5.0 0-24
Ist L/E Joint pain 18.3+4.3 0-20 18.3+43 0-20 18.5+3.7 0-20
2nd Motor function total 64.4+264 4-100 63.8 £26.0 4-100 63.4+270 4-100
2nd U/E Motor function 41.4 £19.8 4-66 41.5+19.8 4-66 40.4+20.8 1-66
2nd L/E Motor function 23.0+79 0-34 22.3+8.4 0-34 23.0£7.8 0-34
2nd Sensation total 19.0 +6.7 0-24 194+ 7.5 0-40 18.8+6.9 0-24
2nd U/E Sensation 9.0+3.8 0-12 9.1+3.8 0-12 9.0+3.8 0-12
2nd L/E Sensation 99+3.3 0-12 10.3+4.7 0-34 99+33 0-12
2nd Passive joint motion total 409+4.6 24-44  40.8+4.6 24-44  40.8+4.6 24-44
2nd U/E Passive joint motion 222+27 14-24 22.1+2.7 14-24 22.1+27 14-24
2nd L/E Passive joint motion 187+2.4 10-20 187+24 10-20 187+24 10-20
2nd Joint pain total 38.2+10.4 0-44 38.2+10.4 0-44 38.1+10.7 0-44
2nd U/E Joint pain 20.8+5.8 0-24 20.8£5.8 0-24 20.7£6.0 0-24
2nd L/E Joint pain 17.5+5.1 0-20 175 +5.1 0-20 175 +5.1 0-20

(N=50) U/E: Upper extremity, L/E: Lower extremity



Table 3. Inter-rater and test-retest reliabilities of the
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Fugl-Meyer Assessment (FMA) for hemiplegic patients

Inter-rater reliability

Mean + SD ICC 95% CI SEM SRD
Motor function total 60.0 +25.3 0.992 0.988 —0.995 2.30 6.26
U/E Motor function 38.8+19.1 1.000 1.000 — 1.000 0.00 -
L/E Motor function 21.2+8.1 0.930 0.892 —0.957 2.15 5.96
Sensation total 18.1+64 0.994 0.991 — 0.996 0.49 1.36
U/E Sensation 84+35 0.992 0.987 —0.995 0.31 0.86
L/E Sensation 97+34 0.988 0.981 —-0.993 0.37 1.02
Passive joint motion total 40.6 £4.7 0.992 0.987 —0.995 0.42 1.16
U/E Passive joint motion 21.8 +3.2 0.998 0.997 -0.999 0.14 0.39
L/E Passive joint motion 18.8+2.2 0.966 0.947 - 0.980 0.41 1.14
Joint pain total 39.1+8.2 0.991 0.995 -0.998 0.78 2.16
U/E Joint pain 20.7+5.0 0.992 0.988 — 0.995 0.45 1.25
L/E Joint pain 18.4+4.1 0.974 0.959 —0.984 0.65 1.80
Test-retest reliability (Rater A)
Mean + SD ICC 95% CI SEM SRD
Motor function total 62.3+21.8 0.961 0.917 - 0.980 4.31 11.94
U/E Motor function 40.2+19.4 0.972 0.943 — 0.985 3.25 9.00
L/E Motor function 222+79 0.868 0.762 - 0.926 2.88 7.98
Sensation total 18.5+£6.5 0.883 0.798 — 0.932 2.24 6.20
U/E Sensation 87+37 0.834 0.836 — 0.944 1.50 4.16
L/E Sensation 9.8+33 0.921 0.861 — 0.955 0.93 2.58
Passive joint motion total 40.7+4.7 0.828 0.715 - 0.898 1.95 5.40
U/E Passive joint motion 22.0 + 3.0 0.864 0.761 — 0.922 1.11 3.07
L/E Passive joint motion 18.8 +2.3 0.869 0.770 — 0.926 0.85 2.35
Joint pain total 38.6+8.3 0.848 0.732-0.913 3.24 8.97
U/E Joint pain 20.7+54 0.830 0.700 — 0.904 2.23 6.18
L/E Joint pain 17.9+4.7 0.859 0.750 — 0.920 1.76 4.88

(N=50) ICC: Intraclass correlation coefficient, CI: Confidence interval, SEM: Standard error of measurement,

SRD: Smallest real difference.

Table 4. Concurrent validities of the Fugl-Meyer Assessment (

FMA) for hemiplegic patients

FMA FMA . Jebsen-Taylor
U/E motor L/E motor BBS MAS Grip power hand function
Jebsen-Taylor 0.757* 0.466* 2.08 0.560% 0.734% 1
hand function
Grip power 0.719%* 0.549* 0.241 0.543* 1
MAS 0.692* 0.725* 0.661* 1
BBS 0.470* 0.661* 1
FMA
*
L/E motor 0.723 !
FMA |
U/E motor

(N=50) “p <0.05. L/E: Lower extremity, U/E: Upper extremity, MAS: Motor assessment scale, BBS: Berg balance scale.

a threshold for interpreting the scores of the FMA over time.
For instance, the SRD threshold for a clinically significant
change after a one-month intensive treatment is 9.00 in the
upper extremities and 7.98 in the lower extremities. In other
words, that a significant improvement has occurred with 95%

reliability when the scores change in the upper and lower
extremity functions are over 9.00 and 7.98, respectively.

As for concurrent validity, lower extremity motor
functions of the FMA were closely associated with the MAS
and BBS, and upper extremity motion functions of the FMA
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Table 5. Responsiveness of the Fugl-Meyer Assessment (FMA)
between baseline assessment and 3 months after base-
line assessment for hemiplegic patients

Mean change + SD ES SRM
Motor function total 163+ 144 0.80 1.13
U/E Motor function 11.2+11.2 0.69 1.00
L/E Motor function 51+£7.0 0.64 0.73
Sensation total 31+39 0.54  0.81
U/E Sensation 19+27 0.58  0.72
L/E Sensation 1.2+ 1.7 040 071
Passive joint motion total 23+£32 0.51 071
U/E Passive joint motion 1.8+2.4 053 074
L/E Passive joint motion 05+1.1 026 045
Joint pain total 37+48 0.60  0.77
U/E Joint pain 27+4.1 0.60  0.66
L/E Joint pain 1.0+ 1.8 043  0.56

(n=16) L/E: Lower extremity, U/E: Upper extremity, ES: Effect size,
SRM: Standardized response mean.

were closely associated with the Jebsen-Taylor hand function
and grip power. Previous studies have reported that balance
and motor functions are closely related to each other!? 3%,
Moreover, Boonsinsukh et al.>® proposed that balance and
the lower extremity motor function of the FMA can be used
together as assessment of gait training for patients with
hemiplegia. As demonstrated by the above studies, the inter-
relation between motor domains of the BBS and the FMA,
two representative balance measurement tools for stroke
patients, needs to be examined in addition to assessment
with motor function tools like the Motor Assessment Scale.

With regard to responsiveness, the ES and SRM of motor
functions of the FMA were more than 0.8 (Table 5), which
suggests a high responsiveness. Hsueh et al.>¥ measured the
motor function responsiveness of 50 stroke patients using
the FMA, prior to hospitalization and after discharge, ES at
0.38 and a SRM of 1.16. The reason why their ES result was
small, unlike that of the present study, is probably because
the standard deviation at the baseline was larger than that of
the change after discharge. Nonetheless, the SRM represents
responsiveness better than ES and the larger the SRM, the
higher responsiveness®®. This study had some limitations.
Since it was conducted in three regional rehabilitation
hospitals, the results cannot be generalized. In addition, a
long-term follow-up study may provide better information
on the FMA responsiveness. Also, we didn’t investigate
possible differences of the test-retest reliability among the
three raters according to their clinical experience.

In conclusion, each dimension and the total score of the
FMA showed acceptable levels of relative and absolute
reliabilities. Concurrent validity and responsiveness were
moderate to good, and moderate to large, respectively.
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