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PubMed EMBASE
(1=216) (1=413)

Scopus

(7=362)

RISS
(1=5)

KISS
(=1)

| |

Searching results

(=997)

Removes duplicates (1=306)

Excluded with reasons (12=648)
- Not experimental research designs

(1=691)

Record screened with title, abstract

(1=368)
- Not English or Korean (1=15)
- EMG was not used for upper

extremities motor or function
evaluation (7=252)
- Not for stroke patients (7=13)

Excluded with reasons (72=28)

Record screened with full-text article

(=43)

- Not experimental research designs
(=1)

- Full text inaccessible (7=8)

- EMG was not used for upper
extremities motor or function

evaluation (1=18)
- Not for stroke patients (2=1)

15 articles were selected for this review

Figure 1. Flow Diagram for Search Process
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Table 1. Clinical Characteristics of Included Trials

No.

Study Design

Exp.

Con.

Subjects

Age (M%5D) (year)

Exp. Con.

Lirio-Romero et al. (2021) RCT

19

19

Acute stroke

MAS : Lower than 3
Minimum active GH abd. of
20°

35~48 36~50

Ogul et al. (2021) Experimental study

Chronic stroke
Any limited ROM and
spasticity

18

Double-blinded
placebo-controlled
clinical trial

das Neves et al. (2020)

15

12

Chronic stroke
MAS : 0~2 of spasticity in
BB

59.9£12 58619

Gémez et al. (2019) RCT

20

20

Acute stroke

MAS @ 1 or 1+

Significant limitation in the
Ext. of the hand without
spasticity

7812 79£3

Hwang et al. (2020) RCT

16

15

Stroke

Medical Research Council
Indicator : more than 2 in
wrist fl/ext. or forearm
pron./sup.

5413+1134  51.60+9.94

Kim et al. (2020) RCT

10

10

Chronic stroke
BS : more than 3 in
shoulder and hand

57.3%£9.01 61.7+7.41

Yang & Song. (2020) RCT

15

15

Chronic stroke
FMA-UE
sensorimotor
Able to actively ext. wrist
Able to ext. thumb and
more than 2 fingers

48~57 in

45.66%6.57 45.06+5.41

Gandolfi et al. (2019) RCT

16

16

Chronic stroke
MAS : 1+ to 3 in shoulder
and elbow

59.31+£1440  59.31+14.97

Hsu et al. (2019) RCT

22

21

Chronic stroke
FMA-UE : 23~53 in motor

53.3+13.1 52.6+125

Ramos-Murguialday et al.

(2019) Ret

16

12

Chronic stroke
No active finger ext.

493+12.5 493+125

Shahar et al. (2019) A cross-sectional

intra-subject study design

10

Sub-acute stroke
NIHSS : 3~15

57.0-71.5 years

Subramaniam et al. (2019) experimental study

13

Chronic stroke

62.75%06.12 63.82£6.34

Qian et al. (2019) RCT

15

15

Chronic stroke

FMA-UE 15~45  with
maximal score of 66 in
motor

MAS : 0~3

57.3+8.87 57.7£5.93

14

Park & Lee. (2018) Experimental study

16

Chronic stroke
FMA-UE : less than 46

21~60 years

15

Vinstrup et al. (2018) Cross-sectional

18

Chronic stroke

56.817.6

Abd.=Abduction;

BB=Biceps brachii;: BS=Brunnstrom stage:

Con.=Control
FMA-UE=Fugl-Meyer Assessment for Upper Extremity; GH=Glenohumeral: M+SD=Mean+Standard deviation; MAS=Modified Ashworth scale;
NIHSS=National Institutes of Health Stroke Scale: Pron.=Pronation; RCT=Randomized Controlled Trial: Sup.=Supination

group: Exp.=Experimental

group, Ext.=Extension;

FlL.=Flexion;
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Table 2. Electromyography Evaluation of Included Trials

Study Measurement method Intervention Target Analysis method Results
muscle
Statistical differences between groups
¢ Perform three isotonic using Amplitude signal data : when Al vs
contractions and three A0 were compared for all types of
mammal' isometric Sampling rate: 1000Hz contracgons (;f Lhe UT (p<.01), isometric
Lirio-Romero contractions Amplified: x1000 contraction of the MD (p=.03)
Use amplitude signal ¢ Re-learning X . Electrical activity in the MD increased in
et al. value scapulothoracic control MD, UT Band pass filtered: both groups
(021) P A 10-500 Hz, 8th Bessel sroup "
during arm-reaching . In comparing A2 and AO, mean differences
X i filter o
tasks involving shoulder between the groups showed significant
abduction with improvements in favour of the SEMG-BFB
sEMG-BFB group only for concentric (p(.01) and
eccentric contractions (p<.01) of the UT
Perform a grasping Bandpass filtered at
Cup: Cup test %g;f: os}? Znal was
Ogul et al. Use average EMG * Robot-assisted training s The average EMG measured from FDS
X R FDS detected by load cells X >
(2021) amplitude, average by using HOH Amplified increased from 0.093-0.133 mV
force, and the rate of P : .
force development Bandpass filtered:
5-100Hz.
Sampling rate: 2000Hz
< PRMT Consisting of the band
das Neves Perform maximum Fu;ct‘onal tasks pass, fourth-order
voluntary contraction unctional . Butterworth filter, RMS values increased after
et al. simulated in a virtual BB N
(2020) of BB learning environment qd)usted for corner PBMT+exoskeleton (p=.0178)
Use RMS ; frequency 1 and 2 Hz in
on a computer screen 20 Hz and 400 Hz,
respectively
* Upper limbs with a
. Perform isometric conventional SEMG Neurotrans Myoplus 2 . . .
Gamez . programme, and an Extensor EG showed a higher increase in the
contraction of hand X . Pro System -
et al. extensor auto-induced muscles of Accuracy of the EMG average EMG activity of the extensor
(2019) xen (biofeedback) the hand eeuracy muscle of the hand than CG (p(.001)
Use %MVIC . . signals: 0.1 uV
stimulation EMG,
15-minute
Hwan Perform the ¢ Virtual reality-based ?%?zgzg frequency: EG : improvement in the average beween
ot alg contraction posture of upper limb FDS, B’and ass filter: pre-intervention and post-interventnion
(2020') the FDS, BR, DM rehabilitation using BR, DM 10- 400sz ter: Statistically significant difference in the
0
Use the %RVC smart gloves Notch filter: 60Hz BR (p{.05)
Perform finger flexion, Peripheral nerve Sampling rate: 1000Hz
Kim et al. finger extension, senszr stimulation and ECR, FCR, Band pass filter: EG : Muscle activity of ECR (p=.041) and
(2020) reaching e, AD 10-500Hz FCR (p=008) were significantly higher
Use the %RVC ask-oriented training Notch filter: 60 Hz
: Ellater'al acn.v 1'tles Input Impedance! EG : statistically significant difference in
Yang & . intensive training on 10~120hm
Som Perform reaching arm muscle activity. upper AD, BB, Common Mode every muscles
s Use the %RVC . y,. pp TB, ECRL N i CG : Statistically significant difference in
(2020) extremity function Regulation Ratio BB, TB. ECRL
¢ Tasks from AMPS (CMPR): 90d (at 20Hz) .
Bandpass filtered:
Gandolfi Perform MVIC of ¢ Robot-assisted UL DS, DC, 20-450Hz Muscular activity showed a different
et al. hand-to-mouth task training and BoNT PM, TB, Smoothed using a 20-ms enhancement of the BB activation after
(2019) Use RMS treatment BB root mean square (RMS) the robot-assisted training

algorithm

AD=Anterior Deltoid; AMPS=Assignment of motor and process skill; BB=Biceps Brachii; BoNT=Botulinum toxin; BR=Brachioradialis; CG=Control group; CI=Co-contraction Index;
DC=Deltoid Clavicular; DM=Deltoid Muscle; DS=Deltoid Scapular; ECR=Extensor Carpi Radialis; ECRL=Extensor Carpi Radialis Loungus: ECU=Extensor Carpi Ulnaris; ED=Extensor
Digitorum; EG=Experimental group; FC=Flexor Carpi; FCR=Flexor Carpi Radialis; FD=Flexor Digitorum; FDS=Flexor Digitorum Superficialis; HOH=Hand of Hope; Inf=Infraspinatus;
MD=Middle Deltoid; MUAP=Motor Unit Action Potential, NMES=Neuromuscular electrical stimulation; nEMG=normalized to the maximal obtained EMG;
PBMT=Photobiomodulation Therapy; PD=Posterior Deltoid; PL=Palmaris Longus; PM=Pectoralis Major; RAT=Robot-Assisted Training; RMS=Root Mean Square;
RTBP=Robotic-assisted therapy with bilateral practice; RWF=Radial Wrist Flexor: SA=Serratus Anterior; sSEMG-BFB=Surface Electromyographic Biofeedback; Sup=Supraspinatus;
TB=Triceps Brachii, TST=Task-Specific Training; UL=Upper limb; UMF=Ulnar Wrist Flexor; UT=Upper Trapezius; %MVIC=% of the maximum voluntary isometric contraction;
%RVC=% Reference Voluntary Contraction
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Table 2. Electromyography Evaluation of Included Trials

(continued)

Study Measurement method Intervention Target Analysis method Results
muscle
Usual care: 10-minute,
sensorimotor
stimulation session
RTBP program: Amplified with a gain of
40-minute program for 20 EG demonstrated better outcomes in
Hsu et al. EhS: fi{i\fesctoef dkguAsIZlizr the wrist and forearm AD, FCR, Sample frequency: SEMG of wrist extensor (p=.043) following
(2019) during MVC Perform isometric ECR 1000Hz treatment and in SEMG of wrist extensor
10§ maximum voluntary Bandpass filtered: (p=017) at follow-up compared to CG
contraction of shoulder 10-400Hz
flexion, wrist extension
and wrist flexion in
randomized order
BMI training: voluntary
desynchronization of
gt A
Ramos- flexion, shoulder thythms triggerin ECU, No significant difference between
Mureuialda abduction, elbow a};etic u gegr-limgb ED, FCR, experimental and Sham groups in EMG
i al Y extension, supination, ;ovemenfspvia robotic PL, FC, - waveform length delta (after-before
(2019') wrist extension, and orthoses BB, TB, difference) from Post 2 and Pre (p=33) or
finger extension Physiother AD, PD Post 2 and Post 1 (p=.89) sessions
*  Use waveform length Y ay
Home-based training
program after
intervention
Subject received two
30-min . : _
Shahar « Perform RAT and TST RAT AD. MD FreqL}en?y. 1500 Hz Durmgl TST, the AD (p=.001), UT (p=l,002}
. . Filtering: 20-500 Hz and Biceps (p=.009) were more active,
et al. e Use RMS and TST: conventional, UT, TB K X .
. (6th order Butterworth while during the RAT, the Triceps (p=.03)
(2019) frequency repetitive, BB, SA . X
. . filter) was more active
task-oriented training
of the affected arm
*  Perform shoulder Sampled: 2000 Hz
fexmn,l shoulder Band-;?ass fltered over a Individuals with chronic stroke
. abduction bandwidth of 20-450 Hz N
Subramaniam . . - L demonstrated significantly reduced
¢ Use reaction time, . Rejection ratio: ) 80 dB
et al. . Reaching performance AD, MD . performance outcomes and performance
burst duration, Smoothed ; fourth order . e .
(2019) X production ability for both flexion- and
movement time, and low-pass Butterworth A 5 :
S N abduction-reaching movements (p¢.05)
movement initiation flter with a cut-of
time frequency of 80 Hz
Repetitive Significant decrease of EMG activation
¢ Perform horizontal P . . levels (p<.05) of UE flexors was observed
. task-oriented motion . . . .
arm reaching, hand X . Amplified with a gain of in both groups
. practice assisted by the I . -
grasping, hand R 1000 Significant decrease in CI values (p{.05)
. . EMG-driven BB, FCR, . . X
Qian et al. opening, and arm NMES-robots ECR. TB Band-pass filtered from was observed in both groups in the muscle
(2019) withdrawing tasks N{otion vasks accordin ED' FDV 10 to 500 Hz pairs of BB, TB, FCR, FD and TRI
* Use EMG parameters t0 2 visual cue on ths ’ Sampled with 1000 Hz The EMG activation levels of the hand
(EMG activation level for digitization group exhibited faster reductions across
screen for a total of 60 - .
and CI) . the training sessions than the sleeve group
min -
(p(05)
- . Forearm
E::i?lrs?;nwmt extensor Sampling rate: 1500 Hz Activity values of the flexor and extensor
Park & Lee. « Use the muscle activi Wrist extension bundle, High-pass filter: 10Hz muscles : there was no significant
(2018) values of the ﬂexorty Forearm Low-pass filter: 450Hz difference between affected side only and
and extensor muscles flexor Band-stop filter: 60Hz both hands (p).05)
bundle
Perform repetitions of Sampling rate: 1500 Hz
Vinstru Perform repetitions of finger ﬂexiﬂ o and (with a bandwidth of For the paretic hand, muscle activity was
P finger flexion and ser ) 10-500 Hz to avoid higher during finger flexion exercise than
et al. o extension, using 3 FDS, ED . ine fi . ise f
2018) extension different elastic aliasing) during finger extension exercise for both
* Use nEMG Common mode ED and FDS

resistance levels

rejection ratio: »100 dB

AD=Anterior Deltoid; AMPS=Assignment of motor and process skill; BB=Biceps Brachii; BoNT=Botulinum toxin; BR=Brachioradialis; CG=Control group; CI=Co-contraction Index;
DC=Deltoid Clavicular; DM=Deltoid Muscle; DS=Deltoid Scapular; ECR=Extensor Carpi Radialis; ECRL=Extensor Carpi Radialis Loungus: ECU=Extensor Carpi Ulnaris; ED=Extensor
Digitorum; EG=Experimental group; FC=Flexor Carpi; FCR=Flexor Carpi Radialis; FD=Flexor Digitorum; FDS=Flexor Digitorum Superficialis; HOH=Hand of Hope; Inf=Infraspinatus;
MD=Middle Deltoid; MUAP=Motor Unit Action Potential, NMES=Neuromuscular

PBMT=Photobiomodulation Therapy; PD=Posterior Deltoid; PL=Palmaris Longus;

electrical ~ stimulation; nEMG=normalized to the maximal obtained EMG;
PM=Pectoralis Major; RAT=Robot-Assisted Training; RMS=Root Mean Square;

RTBP=Robotic-assisted therapy with bilateral practice; RWF=Radial Wrist Flexor: SA=Serratus Anterior; sSEMG-BFB=Surface Electromyographic Biofeedback; Sup=Supraspinatus;
TB=Triceps Brachii, TST=Task-Specific Training; UL=Upper limb; UMF=Ulnar Wrist Flexor; UT=Upper Trapezius; %MVIC=% of the maximum voluntary isometric contraction;

%RVC=% Reference Voluntary Contraction
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Abstract

Evaluation of Upper Limb Movement and Function in
Stroke Patients Using Electromyography : A Review

Lee, Jiyeon*, B.H.Sc., O.T., Lee, Gyeong A*, B.H.Sc., O.T.,
Jung, Jae Hyu , M.S.,, O.T., Park, Ji-Hyuk , Ph.D., O.T.

Dept. of Occupational Therapy, Graduate School, Yonsei University,
Master’s Course, Student
“Gyeonggi Provincial Medical Center in Anseong, Occupational Therapist
“Dept. of Occupational Therapy, College of Software and Digital Healthcare Convergence,

Yonsei University, Professor

Objective : This study aimed to investigate the use of electromyography (EMG) to evaluate upper
limb movement or function in stroke patients.

Methods : We reviewed papers published in journals between January 2018 and December 2021
using PubMed, EMBASE, Scopus, RISS, and KISS. The main keywords of databases were ('stroke’
OR ‘hemiplegia’) AND (EMG OR ‘electromyography’ OR ‘electromyogram’ OR ‘muscle activity)
AND (Upper limb" OR ‘Hand).

Results : Fifteen studies were selected, most of which evaluated muscle activity. Interventions
performing tasks related to activities of daily living (ADLs), using assistive technology, and
interventions that provide repetitive training were most frequently applied.

Conclusions : When evaluating upper limb functions using electromyography, it is meaningful to
present an evaluation that can be used according to the purpose of the study and to provide

a basis for setting up interventions that can utilize electromyography during evaluation.

Keywords : Electromyography, Evaluation, Review, Stroke, Upper limb
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