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Abstract: Introduction: Measuring scales are an indispensable tool in rehabilitation interventions, especially
when you want to intervene with Traditional medicine methods on post-stroke patients. Appropriate scales are
a prerequisite to assessing treatment response, the degree of recovery, and the value of the intervention method.
The Barthel Index (BI) is a common scale used to measure activity function (activities of daily living - ADL),
while the Fugl Meyer Assessment (FMA) and Motricity Index (MI) are commonly used scales to measure motor
function. Methods: A descriptive cross-sectional study was conducted on 128 post-stroke patients with
hemiplegia from March 2021 to November 2022. Spearman's test assessed the correlation of 3 scales: BI, FMA,
and MI. Results: FMA and MI significantly correlate with BI, with correlation coefficients of r = 0.659 and r =
0.748, respectively. The subdomains of FMA, including FMA-UE (upper extremity), FMA-LE (lower
extremity), and MI, including MI-UE (upper extremity), MI-LE (lower extremity), TCT (Trunk Control Test),
are also highly correlated with BI. Conclusions: Research results show that scales such as FMA and MI strongly
correlate with BI and can be a valuable tool to support the comprehensive assessment of motor and activity

function in post-stroke patients.
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1. INTRODUCTION

Stroke is one of the top causes of disability and death in
Vietnam. The sequelae caused by stroke are extremely heavy,
affecting patients' quality of life, their families, and society
[1]. Stroke rehabilitation is essential; if carried out
comprehensively and correctly, it can cause an improvement
in the quality of life and work productivity of the patients [2].
According to WHO, one of the most critical activities of
stroke recovery is “Identifying functional difficulties and
measuring them” and “Evaluating the effectiveness of
interventions” using the standard measurement scales [3].
Thus, the scales are indispensable tools in the process of
rehabilitation intervention, helping to measure the patient's
current condition or evaluate the outcome after treatment.
These scales, which describe specific activity limits or
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functional levels and the overall performance of patients, can
also be used to determine when they can be discharged from
hospitals, compensation costs, and regulatory requirements
[3]. This is extremely important in assessing the role and
significance of treatment methods, especially Traditional
medicine methods, in stroke recovery. In recent years,
Traditional medicine has played an increasingly important
role in post-stroke recovery, choosing an appropriate scale is
a prerequisite in planning and evaluating the effectiveness of
these interventions [4]. Many standardized and well-designed
scales have recently been used to evaluate neurological
deficits in post-stroke patients. These tools can
comprehensively assess mobility and functional activities,
among which the Fugl Meyer Assessment (FMA) [4], [6], [7],
[81, 9], [10], [11], [12], Motricity Index (MI) [12], [14], [15],
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[16], [17] and Barthel Index (BI) [18], [19], [20], [21], [22]
are widespread.

The FMA was first proposed by Axel Fugl-Meyer et al. in
1975 as a standard assessment test for stroke recovery [4]. It
is widely used worldwide to assess motor function in clinical
and research studies, describe motor recovery, and help
clinicians plan and evaluate treatment outcomes. Before the
advent of FMA, almost all motor rehabilitation and stroke
outcome assessment methods were empirical or based on
assessing ADL. Stroke rehabilitation professionals consider
FMA one of the most comprehensive quantitative
measurement tools [23], [24]. The MI is a scale of muscle
strength of arms, legs, and trunk proposed by Demeurisse et
al. in 1980 [13]; Collin and Wade developed its evaluation
parameters in 1990 [14]. M1, related to the classification of
muscle strength, is a reliable measure after a stroke that can
be applied quickly and without special equipment or training
[17]. Barthel Index (BI), published by Mahoney and Barthel
in 1965, consists of 10 daily living activities (self-care and
mobility), was developed to measure the level of disability in
stroke patients with excellent intra and interrater reliability
proven in many other studies [18], [19], [20]. In Vietnam, BI
is one of the most commonly used tests to measure ADL in
post-stroke patients, while MI and FMA have not been widely
applied in research or clinical practice. Several studies
suggested that BI, when used together with other scales (e.g.,
FMA), may have a complementary effect, supporting a clear
assessment of the patient's neurological deficits [25], [26].
Our study aims to evaluate the correlation between the FMA,
MI, and BI scales, thereby serving as a basis for selecting
appropriate scales for patients with hemiplegia after stroke.

2. MATERIALS AND METHOD

2.1. Study design

With a descriptive cross-sectional method, this study was
conducted in 3 hospitals (HCMC Hospital of Traditional
Medicine, University of Medical Center HCMC - Branch
no.3, and HCMC Hospital for Rehabilitation and Professional
Diseases) from February 2021 to January 2023. There were
128 hemiplegic patients after ischemic stroke who met all
inclusion criteria and had no exclusion criteria. The
researchers would collect essential data from study subjects
such as pulse, blood pressure, temperature, breathing rate,
BMI, and the duration from the onset of stroke.

2.2. Participants

Inclusion Criteria: All people who met all of the criteria:
(1) diagnosis of cerebral infarction (based on standard criteria
of Ministry of Health, or by medical record); (2) the duration
from onset of stroke ranging from 24 hours to 3 months; (3)
hemiplegia after stroke; (4) aged 18 years or more; (5) Barthel
index < 60. Exclusion Criteria: People were excluded if they
met one or more of the exclusion criteria: (1) hemorrhagic
stroke, (2) malignant tumors or infectious diseases; (3) did not
stay awake or cooperate with the treating physician.

2.3. Outcome Measures
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The main parameter evaluated in objects is the Barthel
Index. BI was compared with the two parameters involving
FMA-motor and MI. FMA-motor includes FMA-UE and
FMA-LE. MI has MI-UE, MI-LE, and TCT (Trunk Control
Test)

Barthel Index (BI) assesses the degree of independence in
basic activities of daily living, including ten criteria: eating,
bathing, cleaning the face, dressing, defecating, urinating,
using the toilet, moving from bed to chair, walking on the
floor, up or down stairs. The rating score is 0, 5, 10, or 15. The
maximum total score is 100 (on a scale of 0-100), where 0 is
entirely dependent, and 100 is completely independent [18].

Fugl-Meyer Assessment (FMA-motor) assesses motor
function in a person with hemiplegia after stroke, in which
FMA-UE assesses movement, coordination, and reflexes of
parts including shoulder, elbow, forearm, wrist, and hand;
FMA-LE assesses movement, coordination, and reflexes of
the hips, knees, and ankles. The items on the scale are scored
based on the ability to complete each item on a 3-point scale,
where 0 = unable to perform, 1 = partially performed, and 2 =
entirely performed. FMA-UE has 33 evaluation criteria with
a maximum total score of 66, and FMA-LE has 17 with a
complete total score of 34. The motor score of FMA (FMA-
motor) ranges from 0 (complete paralysis) to 100 points
(normal movement) [4].

The Motricity Index (MI) measures upper extremity,
lower extremity, and trunk muscle strength. Movements for
upper extremities: elbow flexion, shoulder abduction, pinch
grip. Moves for lower extremities: knee extension, ankle
dorsiflexion, and hip flexion. The score for pinch grip is 0 (No
movement), 11 (Starting to grasp), 19 (Can grasp the cube but
cannot hold it under the influence of gravity, the operator must
raise the wrist), 22 (Can grasp and hold a cube under the force
of gravity), 26 (Can grasp and hold a cube, overcome a slight
pull, but still weaker than the opposite side), 33 (Normal
muscle strength). Scores for the remaining actions are 0 (No
movement), 9 (Feel muscle contraction, but cannot move), 14
(Movement cannot reach the full range of motion - ROM and
cannot overcome gravity), 19 (Full range of motion and
overcome gravity, but not resistance), 25 (Full ROM,
overcome gravity but less strong than the other side), 33
(Normal muscle strength). The maximum score of the upper
and lower limbs is 99 (scale from 0-99). TCT (Trunk Control
Test) was assessed by sitting up from a lying position, turning
to the weak side, turning to the strong side, and balancing in a
sitting position. Rating score is 0 (cannot do), 12 (can only be
done with non-muscular assistance such as pulling out the bed
sheet or blanket, using hands to hold the body while sitting,
pulling the monkey pole, etc.), 25 (Normal strength), the
maximum total score is 100 (scale from 0-100) [20].

2.4. Data Analysis

This study used SPSS 22.0 for data analysis. The format
of means + SD (standard deviation) expressed for data. In
order to analyze the correlation between the scale scores, we
used the Spearman correlation with a p-value < 0.05 meaning
statistically significant. The correlation varies from 0.00 to
0.25; it shows no or weak relationship; from 0.25 to 0.50, it
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offers a small degree of relationship; from 0.50 to 0.75, it is
moderate to good correlation; values above 0.75 means
having excellent correlation [27].

3. RESULTS

3.1. Patient characteristics

Among 128 study subjects, the number of males was 73
(57%), that of females was 55 (43%), and the gender ratio was

Table 1. Baseline characteristics of the participants in the study.
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1.33/1. The mean duration from the stroke onset was 31.76 +
28.21 (days). The mean age of the participants was 61.09 +
11.86 years old. Study subjects with hemiplegia of the
dominant hand accounted for 68%, 2.12 times higher than
those without paralysis of the dominant hand. The mean BMI
was 23.14 + 3.26, the mean SBP (systolic blood pressure) was
126.22 £ 11.17, and the mean DBP (diastolic blood pressure)
was 78.96 + 7.82 (Table 1).

Mean=SD
Characteristic (n=128)
Age (year) 61.09+11.86
Gender
Male 73 (57%)
Female 55 (43%)
Dominant-hand paralysis
Yes 87 (68%)
No 41 (32%)
Post-stroke duration 31.76 £28.21
BMI 23.14+£3.26
Vital signs
Pulse (bpm) 80.78 £10.10
SBP (mmHg) 12622 +11.17
DBP (mmHg) 78.96 +7.82
Temperature (°C) 36.90+ 0.15
Respiratory rate (bpm) 20.01+0.40

Abbreviations: BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure

Table 2. Mean scores in clinical evaluations.

Mean=*SD
Scales (n=128)
BI 37.81+16.69
MlI-total 120.38 +73.17
MI-UE 31.35+28.05
MI-LE 34.06+21.62
TCT 54.97+31.84
FMA-motor 28.18 +£23.52
FMA-UE 15.97 + 16.60
FMA-LE 12.21+8.18

Abbreviations: BI: Barthel Index, MI-total: Total score of Motricity Index (MI-UE, MI-LE, TCT), MI-UE: Motricity Index Upper
Extremity, MI-LE: Motricity Index Lower Extremity, TCT: Trunk Control Test, FMA-motor: Fugl-Meyer Assessment of Motor
function, FMA-UE: Fugl-Meyer Assessment Upper Extremity, FMA-LE: Fugl-Meyer Assessment Lower Extremity.



4 MedPharmRes, 2023, Vol. 7, No. 4 Nguyen et al.

Table 3. The correlation coefficient of FMA toward Barthel Index.

Correlation Coefficient (r) p-value (Spearman's correlation)
FMA-UE 0.618 0.000
FMA-LE 0.641 0.000
FMA-motor 0.659 0.000

FMA-LE was 12.21 + 8.18. The Motricity Index upper
3.2. Outcomes extremity (MI-UE) had an average score was 31.35 + 28.05
The average scores of the scales are shown in Table 2. The and lower extremity (MI-LE) was 34.06 + 21.62 while trunk
Barthel Index had a mean score of 37.81 + 16.69. Fugl Meyer (TCT) was 54.97 + 31.84.
Assessment motor (FMA-motor) had an average score of
28.18 £ 23.52, in which FMA-UE was 15.97 + 16.60 and
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Figure 1. Correlation between Barthel Index and Fugl-Meyer Assessment Upper Extremity
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Figure 2. Correlation between Barthel Index and Fugl-Meyer Assessment Lower Extremity
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Figure 3. Correlation between Barthel Index va Fugl-Meyer Assessment motor

Table 4. The correlation coefficient of Motricity Index toward Barthel Index

Correlation Coefficient (r) p-value (Spearman's correlation)
MI-UE 0.596 0.000
MI-LE 0.632 0.000
TCT 0.794 0.000
MI total 0.748 0.000
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Figure 4. Correlation between Barthel Index and Motricity Index Upper Extremity

Correlation between Barthel Index and FMA

A significant correlation between the total FMA-motor
and Barthel Index scores was found with r = 0.659 using
Spearman's correlation test with p-value <0.05 (Table 3). The
graph also showed the correlation between the FMA-motor
and Barthel Index scales, whereby the higher the FMA-motor

score, the higher the Barthel score (Figure 3). When analyzing
the Spearman correlation in the FMA-motor sub-indices
(FMA-UE and FMA-LE), data showed significant
correlations between FMA-LE, FMA-UE, and Barthel Index,
with coefficients correlation, 0.641 and 0.618, respectively
(Figure 1 and Figure 2).



6 MedPharmRes, 2023, Vol. 7, No. 4

Correlation between Barthel Index and Motricity Index

Spearman's correlation analysis showed a significant
correlation between the Motricity Index and the Barthel Index,
with a correlation coefficient of 0.748. Subdomains of the
Motricity Index (MI-UE, MI-LE, TCT) are also strongly
correlated with the Barthel index with correlation coefficients
01 0.596, 0.632, and 0.794, respectively (Table 4).

4. DISCUSSION

The assessment of functional activity using scales, a
crucial part of motor rehabilitation after stroke, can help
physicians determine the severity of health problems and set
appropriate goals as well as interventions for the recovery
process. In Traditional medicine, choosing a scale suitable for
research purposes is a prerequisite for proper intervention
methods. According to the ICF, the assessment of functional
activities includes assessments of body functions and
structures, activities, and participation [28]. While Barthel is
often used to evaluate activities or participation, FMA and MI
are often used to assess body functions and structures [29].

In our study, the age of participants was 61.09 + 11.86.
This result is similar to Tae-Lim Kim's study (53.6 £ 16.1)
[29] and Husnul Mubarak's study (55.9 + 10.58) [26]. The
gender distribution in our study was male/female is 1.33/1,
similar to that of Tae-Lim Kim's study (1.38/1) [29]. The
mean stroke time (duration from the onset) in our study was
31.76 £ 28.21 (days), which was shorter than that of Husnul
Mubarak's study (10.6 + 7.95 months) and Oliveira's study
(3.63 £ 3.02 years). This difference may be because our
research was on subjects with early recovery phase stroke
(from 24 hours to 3 months), while Husnul Mubarak's study
was conducted on stroke subjects > 3 weeks; the study of
Oliveira observed stroke patients from 6 months to 15 years
[25], [26].

Our study results showed that the average Barthel score
was 37.81 + 16.69 points, which was lower than that of
Husnul Mubarak's study, with the average Barthel score of
80.75 £ 16.56 points, ranging from 40-100 points, and
Oliveira's survey with the average Barthel score of 90.75 +
545 [7]. Our study selected patients with functional
impairment with a Barthel score of less than 60 (moderate,
severe, and total dependence), while Husnul Mubarak and
Oliveira's study selected all post-stroke patients without
classification levels of dependency (ADL). This study also
revealed that the average FMA-motor score was 28.18 +
23.52, FMA-UE was 15.97 £+ 16.60, and FMA-LE was 12.21
+ 8.18. This result is also lower than that of Husnul Mubarak
with FMA-UE of 43.08 + 18.38 (4-66), FMA-LE of 22.55 +
7.69 (6-34), and Oliveira's study with FMA-motor of 53.35 +
28.44 [25], [26]. This result may be because of the difference
in stroke time; in particular, our study selected stroke patients
in the early recovery stage; Husnul Mubarak's study
determined post-stroke patients with a stroke time of more
than 3 weeks; Oliveira's study only selected stroke patients
over 6 months, that’s why stroke patients' mobility is better
than in the early recovery period.
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The study results showed that the total FMA-motor score
had a good correlation with the Barthel Index, with a
correlation coefficient of r = 0.659, which is similar to the
study of Oliveira et al. with a correlation coefficient r = 0.597
(P<0.05) [25]. Besides, this study's total MI score strongly
correlated with Barthel Index with r = 0.748. This result
suggests that the level of physical activity measured based on
FMA-motor and MI values affects the degree of independence
of stroke patients in performing ADL. The high correlation
coefficient in our study also shows that the FMA-motor and
MI scores can be used as a reference to measure the degree of
independence in post-stroke patients. However, in this study,
we found that in those having paralysis of their dominant hand
— the dominant hand group (right-handed patients have right-
sided hemiplegia, left-handed patients have left-sided
hemiplegia), FMA-motor had a higher correlation coefficient
with BI (r=0.763) than that in the other group - the non-
dominant hand group (left-handed patients have right-sided
hemiplegia, right-handed patients have left-sided hemiplegia)
(r=0.375). The results were similar when comparing the
correlation between MI and BI in the dominant hand group
(r=0.807) with the non-dominant hand group (r=0.537) (Table
5). This finding showed that the decline in movement and
functional activity was more closely correlated in the
dominant-hand group than in the non-dominant hand group.
The cause may be the compensatory phenomenon when stroke
patients use support from the healthy side in functional
activities in daily activities. According to Olsen, the
functional improvement of severely impaired patients after
stroke can be attributed to compensatory strategies involving
the non-paralytic limb [31]. It means no matter how patients
perform tasks, the more important feature is their ability to
perform functional activities to reintegrate into the
community, regardless of whether compensatory strategies
are used.

FMA-UE and FMA-LE were also significantly correlated
with Barthel Index with correlation coefficients of 0.618 and
0.641, respectively. This result is similar to the study of
Husnul Mubarak, with the correlation coefficient of FMA-UE
and FMA-LE with Barthel Index of 0.739 and 0.820 (P<0.05)
[26]. The subdomains of the Motricity Index, including MI-
UE, MI-LE, and TCT, were also strongly correlated with the
Barthel index with correlation coefficients of 0.596, 0.632,
and 0.794, respectively. This result suggests that restoring the
upper, lower extremity, and trunk motor function in post-
stroke patients is essential in improving their independence.
However, the study results showed that TCT correlated most
strongly with BI. This finding suggests that trunk movement
is a crucial factor in compensatory activities in post-stroke
rehabilitation. According to studies, using the trunk is a
compensatory strategy, which considerably correlates with
the degree of functional impairment in post-stroke patients.
During stroke recovery, the nervous system can maintain
resilience by replacing lost elements of motor patterns, such
as elbow extension and shoulder adduction, with new features,
such as trunk movements, to achieve functional goals [32].

Our study showed that scales such as FMA-motor and MI
strongly correlate with BI and can be a valuable tool to support
the comprehensive assessment of activity and motor function
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according to the ICF model in post-stroke patients. According
to Wade et al., there are some limitations when we measure
individual functional abilities using only the ADL scale, so we
should use more than one scale in the assessment [33].
Besides, our study also had some differences from other
studies: (1) Our results showed that in the group of people
with dominant-hand paralysis, the impairment in motor and
activity function was more closely correlated than the other
group, so the use of FMA and MI can assist in the assessment
of motor recovery compared to using only the BI scale,
especially in the non-dominant hand group. (2) Our study only
included patients with cerebral infarction in the early recovery
period and having Barthel under 60; this apparent
characteristic can increase the accuracy of the scales. Many
groups of participants with different characteristics, such as
hemorrhage or infarction and mild or severe motor deficits,
can confound the reliability of the measurement scales. In
other words, evaluating similar subjects can improve the
accuracy and statistical power in clinical trials using
comparison and evaluation scales.

However, there are some limitations to this study. First of
all, the study was conducted in multiple centers, so the
reviewers' assessment may not be completely homogeneous,
which could compromise the objectivity of the evaluation.
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However, according to the Rehabilitation Institute of Chicago,
FMA only needs reviewers to read the manual; MI and BI do
not need them to be trained, and these scales are also
standardized and commonly used worldwide [17], [26], [34].
In addition, the evaluators in our study were instructed in
using these scales through videos and tutorials. Several
studies suggest that evaluators are trained or even only read a
standard manual that provides detailed instructions on the
process and tool of scale assessment can help enhances inter-
reliability [35], [36]. Secondly, the FMA scale is a standard
scale that evaluates many different factors in post-stroke
patients, such as Motor function, Sensation, Balance, Range
of motion of Joint, and Joint pain; however, our study only
assessed the Motor functioning of the FMA, so future studies
can generalize other criteria in FMA to evaluate patients more
comprehensively. Finally, in the ICF model, many scales can
be used to assess recoveries after stroke, such as spasticity
(MAS), upper limb mobility (ARAT, WMFT, 9-HPT, BBT),
motor and muscle strength (MMT), functional assessment
scales (FIM, SIS, SF-36). Because our study only compares
the correlation of the three scales (FMA, BI, MI), future
studies should evaluate the correlation of more scales,
supporting the evaluation of many clinical aspects of the
patient.

40 50 60 70 80

Motricity Index Lower Extremity

Figure 5. Correlation between Barthel Index and Motricity Index Lower Extremity.

Table 5. The correlation coefficient of FMA and Motricity Index toward Barthel Index in the dominant-hand paralysis group

and non-dominant hand paralysis group.

Dominant-hand paralysis group Non-dominant hand paralysis group
Correlation p-value (Spearman’s Correlation p-value (Spearman’s
Coefficient (r) correlation) Coefficient (r) correlation)
FMA 0.763 0.000 0.375 0.016
MI 0.807 0.000 0.537 0.000
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Conclusion

The study results showed a strong correlation between
activity function measured by BI and motor function assessed by
FMA and MI in post-stroke hemiplegic patients due to cerebral
infarction. Therefore, the more severe the mobility impairment,
the greater the patient's activity function (ADL) impairments. In
addition, this study suggests scales such as FMA, MI, and BI,
when used together, can have complementary effects, helping to
assess the patient's motor activity and general function more
clearly and precisely.

LIST OF ABBREVIATIONS
MAS: Modified Ashworth Scale

ARAT: Action Research Arm Test

WMFT: The Wolf Motor Function Test

9-HPT: Nine Hole Peg Test

BBT: Box and Block Test

MMT: Manual Muscle Testing

FIM: Functional Independence Measure

SIS: Stroke Impact Scale

SF-36: Medical Outcomes Study Short Form 36

ICF: International Classification of Functioning,

Disability, and Health.



Scales in post-stroke rehabilitation

ETHICAL STATEMENT

The Council of Ethics in Biomedical Research at the
University of Medicine and Pharmacy at Ho Chi Minh City
approved the study’s ethics on January 26th, 2021, No.
30/Hbbb-bHYD. All study subjects signed the consent form
if they agreed to the criteria, and researchers strictly followed
all security measures to keep the anonymity and privacy of
research participants.

FUNDING

Research grants from the University of Medicine and
Pharmacy at Ho Chi Minh City partly provided funding for this
study.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

ACKNOWLEDGEMENTS

Research grants from the UMP (University of Medicine
and Pharmacy) at Ho Chi Minh City funded the study in parts.

AUTHORS’ CONTRIBUTION

Designing the study: Duong Thi Huong Nguyen and Dieu
Thuong Thi Trinh; Methodology: Duong Thi Huong Nguyen and
Dieu Thuong Thi Trinh; Validation: Duong Thi Huong Nguyen
and Dieu Thuong Thi Trinh; Writing original draft: Duong Thi
Huong Nguyen and Dieu Thuong Thi Trinh; Writing review and
editing: Duong Thi Huong Nguyen and Dieu Thuong Thi Trinh.

ORCID ID

Duong Thi Huong Nguyen'*'https://orcid.org/0000-0002-8238-
783X.

Dieu Thuong Thi Trinh "= https://orcid.org/0000-0002-3886-3210.

REFERENCES

[1]. Carr C, Kahn L, Mathkour M, Biro E, Bui CJ, Dumont AS. The shifting
burden of neurosurgical disease: Vietnam and the middle-income nations.
Neurosurg Focus. 2018 Oct;45(4):E12. doi:
10.3171/2018.7.FOCUS18297. PMID: 30269588.

. Gorelick PB. The global burden of stroke: persistent and disabling.
Lancet Neurol. 2019 May;18(5):417-418. doi: 10.1016/S1474-
4422(19)30030-4. Epub 2019 Mar 11. PMID: 30871943.

[3]. World Health Organization [Internet]. International Classification of

Functioning, Disability and Health (ICF) [cited 2023 March 10]; [about
1 screen). Available from:
https://www.who.int/standards/classifications/international-
classification-of-functioning-disability-and-health#

[4]. Zhong LL, Zheng Y, Lau AY, et al. Would integrated Western and
traditional Chinese medicine have more benefits for stroke rehabilitation?
A systematic review and meta-analysis. Stroke Vasc Neurol.
2022;7(1):77-85.d0i:10.1136/svn-2020-000781

[5]. Fugl-Meyer AR, Jadsko L, Leyman I, Olsson S, Steglind S. The post-
stroke hemiplegic patient. 1. a method for evaluation of physical
performance. Scand J Rehabil Med. 1975;7(1):13-31. PMID: 1135616.

[6]. Twitchell TE. The restoration of motor function following hemiplegia in
man. Brain. 1951 Dec;74(4):443-80. doi: 10.1093/brain/74.4.443. PMID:
14895765.

[7]. Reynolds G, Archibald KC, Brunnstrom S, Thompson N. Preliminary
report on neuromuscular function testing of the upper extremity in adult
hemiplegic patients. Arch Phys Med Rehabil. 1958 May;39(5):303-10.
PMID: 13522355.

—
[\%}
—

MedPharmRes, 2023, Vol. 7, No. 4 9

[8]. Brunnstrom S. Motor testing procedures in hemiplegia: based on
sequential recovery stages. Phys Ther. 1966 Apr;46(4):357-75. doi:
10.1093/ptj/46.4.357. PMID: 5907254.

[9]. Berglund K, Fugl-Meyer AR. Upper extremity function in hemiplegia. A
cross-validation study of two assessment methods. Scand J Rehabil Med.
1986;18(4):155-7. PMID: 3810081.

[10].  Gladstone DJ, Danells CJ, Black SE. The fugl-meyer assessment of
motor recovery after stroke: a critical review of its measurement
properties. Neurorehabil Neural Repair. 2002 Sep;16(3):232-40. doi:
10.1177/154596802401105171. PMID: 12234086.

[11]. Sanford J, Moreland J, Swanson LR, Stratford PW, Gowland C.
Reliability of the Fugl-Meyer assessment for testing motor performance
in patients following stroke. Phys Ther. 1993 Jul;73(7):447-54. doi:
10.1093/ptj/73.7.447. PMID: 8316578.

[12].  Kim TL, Hwang SH, Lee WJ, et al. The Korean Version of the Fugl-
Meyer Assessment: Reliability and Validity Evaluation. Ann Rehabil
Med. 2021;45(2):83-98. doi:10.5535/arm.20225

[13].  Demeurisse G, Demol O, Robaye E. Motor evaluation in vascular
hemiplegia. Eur Neurol. 1980;19(6):382-9. doi: 10.1159/000115178.
PMID: 7439211.

[14].  Collin C, Wade D. Assessing motor impairment after stroke: a pilot
reliability study. J Neurol Neurosurg Psychiatry. 1990 Jul;53(7):576-9.
doi: 10.1136/jnnp.53.7.576. PMID: 2391521; PMCID: PMC488133.

[15].  Sunderland A, Tinson D, Bradley L, Hewer RL. Arm function after
stroke. An evaluation of grip strength as a measure of recovery and a
prognostic  indicator. J Neurol Neurosurg Psychiatry. 1989
Nov;52(11):1267-72. doi: 10.1136/jnnp.52.11.1267. PMID: 2592969;
PMCID: PMC1031635.

[16]. Wade DT, Hewer RL. Motor loss and swallowing difficulty after
stroke: frequency, recovery, and prognosis. Acta Neurol Scand. 1987
Jul;76(1):50-4.  doi: 10.1111/5.1600-0404.1987.tb03543.x. PMID:
3630644.

[17].  Fayazi M, Dehkordi SN, Dadgoo M, Salehi M. Test-retest reliability
of Motricity Index strength assessments for lower extremity in post stroke
hemiparesis. Med J Islam Repub Iran. 2012 Feb;26(1):27-30. PMID:
23483112; PMCID: PMC3587895.

[18].  Mahoney FI, Barthel DW. Functional Evaluation: The Barthel
Index. Md State Med J. 1965 Feb;14:61-5. PMID: 14258950.

[19]. Collin C, Wade DT, Davies S, Horne V. The Barthel ADL Index: a
reliability study. Int Disabil Stud. 1988;10(2):61-63.
doi:10.3109/09638288809164103

[20].  Loewen SC, Anderson BA. Reliability of the Modified Motor
Assessment Scale and the Barthel Index. Phys Ther. 1988 Jul;68(7):1077-
81. doi: 10.1093/ptj/68.7.1077. PMID: 3387463.

[21]. Li L., Zhu W., Lin G., Chen C., Tang D., et al. Effects of
Acupuncture in Ischemic Stroke Rehabilitation: A Randomized
Controlled Trial. Front Neurol. 2022;13:897078.

[22].  Zheng Chaobo, Lee Yaguo, Bin Hu, Jiong Wu. A randomized
controlled trial comparing electroacupuncture with manual acupuncture
for motor function recovery after ischemic stroke. European Journal of
Integrative Medicine. 2018;22:76-80.

[23].  Gladstone DJ, Danells CJ, Black SE. The Fugl-Meyer assessment of
motor recovery after stroke: a critical review of its measurement
properties. Neurorehabil Neural Repair 2002;16:232-40.

[24]. Michaelsen SM, Rocha AS, Knabben RJ, Rodrigues LP, Fernandes
CG. Translation, adaptation and inter-rater reliability of the
administration manual for the FuglMeyer assessment. Rev Bras Fisioter
2011;15:80-8.

[25]. De Oliveira R, Cacho EW, Borges G. Post-stroke motor and
functional evaluations: a clinical correlation using Fugl-Meyer
assessment scale, Berg balance scale and Barthel index. Arq
Neuropsiquiatr. 2006;64(3B):731-735. doi:10.1590/s0004-
282x2006000500006

[26].  Husnul Mubarakl, Noor Idhal, Bayu Santosol. (2020). Correlation
of Fugl-Meyer Assesment Score with Barthel Index and Functional
Independence Measure in Patients with Stroke. Indian Journal of
Forensic Medicine & Toxicology, 14(2), 1609-1614.
https://doi.org/10.37506/ijfmt.v14i2.3155

[27].  Portney LG, Watkins MP. eds. Foundations of Clinical Research:
Applications to Practice, 3e. McGraw Hill; 2017. Accessed March 10,
2023.
https://fadavispt.mhmedical.com/content.aspx?bookid=1987&sectionid
=149505338



10 MedPharmRes, 2023, Vol. 7, No. 4

[28].  World Health Organization. International Classification of
Functioning, Disability and Health. Geneva. 2011.

[29].  Ministry of Health. Decision No. 5623 /QD-BYT. Guidelines for
diagnosis, treatment and rehabilitation of stroke patients (2018).
Vietnamese

[30]. Kim TL, Hwang SH, Lee WJ, et al. The Korean Version of the Fugl-
Meyer Assessment: Reliability and Validity Evaluation. Ann Rehabil
Med. 2021;45(2):83-98. doi:10.5535/arm.20225

[31].  Olsen TS. Arm and Leg paresis as outcome predictors in stroke reha-
bilitation. Stroke 1990;21:247-251.

[32]. M. C. Cirstea, M. F. Levin, Compensatory strategies for reaching in
stroke, Brain, Volume 123, Issue 5, May 2000, Pages 940-953,
https://doi.org/10.1093/brain/123.5.940

Nguyen et al.

[33]. Wade DT, Langton-Hewer R, Wood VA, Skilbeck CE, Ismail HM.
The hemiplegic arm after stroke: measurement and recovery. J Neurol
Neu- rosurg Psychiatry 1983;46:521-524.

[34].  See J, Dodakian L, Chou C, et al. A standardized approach to the
Fugl-Meyer assessment and its implications for clinical trials.
Neurorehabil Neural Repair. 2013;27(8):732-741.
doi:10.1177/1545968313491000

[35]. Sullivan KJ, Tilson JK, Cen SY, Rose DK, Hershberg J, Correa A,
et al. Fugl-Meyer assessment of sensorimotor function after stroke:
standardized training procedure for clinical practice and clinical trials.
Stroke 2011;42:427-32.

[36]. See J, Dodakian L, Chou C, Chan V, McKenzie A,
Reinkensmeyer DJ, et al. A standardized approach to the Fugl-Meyer
assessment and its implications for clinical trials. Neurorehabil Neural
Repair 2013;27:732-41.



