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The Comparison of Muscle Contraction Time and
Modulation Ratio during Reaching Tasks in Hemiparalysis,

Elderly and Young Adults
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Objective: The purpose of this study was to evaluate the Electromyography (EMG) of the upper limb during reaching tasks

according to two heights in the sitting position.
Design: Cross sectional design

Methods: Fifteen hemiplegia, fifteen elderly, and fifteen healthy subjects have participated in this study. The targets (90% length
of the subject’s arm) were located at the two heights (the eye and xiphoid process). We have recorded EMG signals of seven upper
limb muscles (anterior deltoid (AD), posterior deltoid (PD), pectoralis major (Pec), infraspinatus (Inf), supraspinatus (Sup), biceps
brachii (Bi), triceps brachii (Tri)). The dependent variables were movement time(s), modulation ratio, working ratio, and the
co-contraction ratio of the hemiplegia, elderly, and healthy at the reaching task. Two-way repeated-measures ANOVA (2-heights)

was analyzed with the LSD post hoc test.

Results: The study results were as follows: (1) The movement time to the target during reaching movement was significantly
longer for the hemiplegia and elderly groups compared to the healthy group. (2) The modulation rate was significantly higher at
eye height than the xiphoid height in AD, PD, Pec, Inf, Bi muscles, and the hemiplegia group and elderly group were significantly
lower than the healthy group. Additionally, the modulation ratio showed a significant interaction between heights and groups.

Conclusions: It is expected that the variables using the muscle contraction characteristics, the evaluation method of this study, can
be used as an electromyography-based feedback method that can be objectively evaluated and quantified in clinical practice.

Key Words: Activities of daily living, Hemiplegia, Aged, Electromyography, Electrodiagnosis

2 EAFo| HHel
9, 94, 2F, AAGY 53} g 23 8
QE} 42t A SH 0] HS3t o Fo) 17
4 8915 3

3L B3l AKle] 24 B & WY B 8 &
we s 259 4T, 2, dgo] ZeE] &
B Aolg 7k el Flolut AEA gloiA
%03 Z9O0R Aol B4HolTHd, 5]
b gollat ol BE Aod 7% QAT
B AU Brksta FAA7E AL 71e R
3}

Az A WS Fashulsl AL A2 @
Aago] G B3 B2k AaElofof dict. WA

oA A 7S WA WAETES A
ol w2 S AWE H4okE Aol AL 4
HOh AR w2 2% sjEolu B4 A s
817] OlRIEH7-10]. B3 B7} A djFRo] F

jul<s

oX oX o

—_

)
o r

)
o 12

Received: May 6, 2022 Revised: Jun 19, 2022 Accepted: Jun 22, 2022

Corresponding author: Dae-Sung Park (ORCID https://orcid.org/0000-0003-4258-0878)
Department of Physical Therapy, College of Medical Science, Konyang University

158, Gwanjeodong-ro, Seo-gu, 35365, Daejeon, Republic of Korea

Tel: +82-42-600-8456 Fax: +82-42-600-8408 E-mail: daeric@konyang.ac.kr

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © 2022 Korean Academy of Physical Therapy Rehabilitation Science



146

Phys Ther Rehabil Sci 11(2)

Aol Eol7t girhe @Al 9

SHE ANE AR BESS AEL 2
sto] £%70% 54% nvh gy, APHOE
MmE 5 9] Wi YN £EFI PO
2 8% 4 Utk 2ARE 283 54
WA e E42 e, 250 ow %
§2 Aol Be ATs A8 AsEt 24
EodTE 259 dde BAsL, gaRe 2
%2 Fastd 2o FU11]. 71E9 & B
A #E THAE ATES fRE A 514
FES Z4se] REHT AA9 T BYE B
of 299 FAAWI2], 24 TN e
AAH L AL FF) mE Al WAyt
7] Mg SAE dolHE Wud & Qe o
2 J1Fel stk gl E e Ggael
SAE ATAAE $49S BAS] A = @
g ouERE ohd, $49e xld 8o By
gg AAsA 2AfEA Dol A A5
WA E[13], g e 2% B B
oW &4 R PO FAZ MAIAA FEAE
ot mAYe eEARol ehtEAE 1 I

] gojele] sjsetAol A DBHE W

A SATe] S Pobrt oAl Huh] 1
Sol danige] ko, 482 HY2S TEiA

=2} vlaske] [-ofgh 1}017} o
/\}&LOH A 7= Aw A+
2 e A7 Paoloni S{17}8 Tl ekl 24 71
FA2E Bol wobl ] A 28el dhet 2 )
Al A ZHonset time), ¥HZH]E(moduration ratio), s-s=

H](co-contraction ratio)of|A] -§-2J§t 2}o|& U=
oleT B4 S HES AL 0T R
29 24 34 glol THsstel, 715 rstet o7t ol
AR A8 4 glo] AAl THE 14
A7 RSk & AR < A fole] S

Homel & W FHE Fol S dohl 2

o1 =

H‘

s A ] e S R 2
Al7Hmovement time)T} ‘Eﬂ &, 4%YH|E&(working
ratio), FEAEHS B

£ 23Ee BEslee] v
Sfj 3 arA} ek

T

CHARE

B Qi o] A% 9 Huhu] Hojel 153, 65
A OWAF Q15 A7 A9l 15HOR, % 45
dgoz APtk A7 BHB AR R Y
3 F, APHOR FHolo] R hAAEL B Lol
ARV A2/ ES ekt o AR mE A%
L Asha AHe9IAse] £ WTHKYU-
2020-143-01).

=

ot Aojele] A9 sa4 EL FUY HEFO
2 AT A, G ol gAY WEANOY 24

A oo ¢147)%e

5% A, HEE 75 as BAE el Favtelo]
oANA A 7150l 458 ol fo= FElof thiFste] ]
% Mx]g x].m—;@ %zﬂl%lo] 7]J:6} x].g /\—]X-]'a‘]_OﬂOu:]
HEFE of9] T2 AL EAto] QAL X 4

T A 22 APAES] 2AE A Y 1116}
o] gl A, W BA7L AL ZH o] A7k AR A9

1=0l0] A9 654 ool ATl Az R o
Ao} gl A, AR e] mE BAZFERel] Aol g
= A, wh ghol AN BEZAA 247 ol4ko.
2 QX750 A7t gl 7hekek WS olsfeli 4

yE S Qe A2 AHFIgon AHQuA el A7t
gAY A 28 A 67H°J ojufo]l Al &4, 4
&, Az Aol ¢ ZP“ Al L] sH3A e

=42 8A4d A 1 % AH|(Myosystem  1400A;
Noraxon Inc, USA)E AR5l oH, sl AH| =2 & W
7] T4 w¥ske B =AY AR 22 SAl9
7123517] 98l =29 %](Noraxon. Inc., USA)o|| A%
E dZ3%o] A5ttt &2 Eob wHubd] Zofelo]
8% mH] &, k=903 A7EE Ad1e] B oAl S A

Slgto M, oA, ST

2T =2 L

o - =2
@ & AL W A sk Sistel 15 2
N8 AuG F dBAROR ARslgon], 975

uhE ol S wH|shech A3 Ag/AgCl(Noraxon
USA Inc) Aj0] 28] 424 A3 Agatgict 2



Jeon & Park : Muscle Contraction Time and Modulation Ratio during Reaching 147

(a)

(b)

Figure 1. Reaching task in two heights
((a): Eye height, (b): Xyphoid process height)
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Table 1. General characteristics of subjects in three groups (N=45)

Characteristics Hemiparalysis (n=15) Elderly (n=15) Healthy (n=15) F D

Sex (male/female) 11/4 3/12 9/6 5.433 <0.01

Age (years) 59.13+9.79a 78.20+7.17 29.93 + 3.88 163.794 <0.01

Height (cm) 166.20 + 6.03 159.67 £ 5.94 165.27 £ 7.83 9.027 <0.01

Weight (kg) 65.07 +£5.54 61.67+10.22 64.87 £12.98 0.540 0.587

Affected or Dominant side (L/R) 7/8 0/15 0/15 12.250 <0.01

MMES-K (score) 27.87+1.96 27.80 + 1.47 30.00 = 0.000 11.726  <0.01

Duration (years) 8.47+7.34 — — - -

MMES-K: Mini mental state examination-korean

Table 2. Difference of movement time(s) at reaching among three groups using two-way ANOVA

Variable Movement time (s) ANOVA
Hemiparalysis (n=15) Elderly (n=15) Healthy (n=15)

High 1.37+0.70 0.96 + 0.25 0.66+0.17 Group™ " *

Low 1.23 +0.46 0.98 £0.25 0.57+0.12

*(p <0.05)Significant difference in Hemiparalysis vs Elderly

T (p <0.05)Significant difference in Hemiparalysis vs Healthy

¥ (p <0.05)Significant difference in Elderly vs Healthy
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Table 3. Difference of modulation ratio, working ratio, co-contraction ratio at reaching among three groups using

two-way ANOVA

Mean =+ standard deviation

Variable Hemiparalysis (n=15) Elderly (n=15) Healthy (n=15) ANOVA

Modulation ratio

AD High 68.15 + 40.72 90.94 + 68.08 252.08 + 160.94 H, H*G,G'*
Low 52.95+21.56 84.91 +99.32 161.19 + 125.41

PD High 14.88 £ 6.11 29.46 + 10.90 49.01 + 34.07 H, H*G,G'*
Low 15.99 + 4.55 23.82 +8.77 34.61 +20.63

Bi High 35.98 + 18.44 72.73 £ 40.47 111.74 + 66.53 H G
Low 34.28 + 15.79 50.85 +29.40 99.21 +70.27

Tri High 11.66 + 4.16 27.22 +19.70 18.39 + 8.55 G*
Low 12.21 +4.50 21.04 + 14.91 19.00 £9.12

Working ratio

AD High 1257.24 + 623.07 1207.68 + 806.93 2684.95 + 2464.86 H, H*G
Low 1010.59 + 462.17 1054.17 + 1164.06 1488.29 + 1828.16

PD High 245.85+ 164.18 554.01 + 195.28 1050.63 + 1581.26 H, H*G
Low 320.84 +207.63 369.27 + 138.08 301.51 + 280.46

Bi High 482.01 +272.61 568.04 + 279.52 635.88 + 353.72
Low 457.48 +301.05 518.39 + 394.72 560.80 + 531.90

Tri High 201.98 +202.94 382.24 + 182.66 180.77 + 123.78 H,G'f
Low 199.71 + 132.37 267.48 + 167.36 139.46 + 116.36

Co-contraction ratio

AD/PD High 5.91+2.83 2.59 £2.37 539+ 4.4]
Low 3.97+2.03 3.12 +£3.86 4.95+3.51

Bi/Tri High 3.31+2.46 222+ 1.72 4.55+1.96 G'f
Low 2.79 + 1.63 2.74 £2.10 443 +£2.44

AD: Anterior Deltoid, PD: Posterior Deltoid, Bi: Biceps brachii, Tri: Triceps brachii, H: Height. H*G: Height*Group,

G: Group

*(p <0.05) Significant difference in Hemiparalysis vs Elderly

T (p <0.05) Significant difference in Hemiparalysis vs Healthy
F (p <0.05) Significant difference in Elderly vs Healthy
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