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ABSTRACT

Objective: The objective of this study was to investigate the effects of drive-assisting system in a shower carrier on the
upper body muscle activities of caregivers through drivability tests. Background: In care facilities, one of the major ADL
(Activities of Daily Living) factors is bathing/showering. Recently, bath/shower-assisting equipment is actively being
introduced in care facilities to reduce caregivers' muscle burden. In particular, it is desirable to utilize a shower carrier equipped
with drive-assisting system to effectively care for the elderly. However, there were few systematic studies on the relationship
between muscle activities and drive-assisting speeds. Method: For the drivability tests to study the effects on the muscle
activities according to the drive-assisting speeds(corresponding drive-voltages: 0.0V, 2.0V, 2.1V, 2.3V), 6 females in their
40s(43+4yrs, 157+5cm, and 54.511.5kg) were selected. To measure muscle activities of caregivers through drivability
tests, 7 muscles in the upper body(TM/Trapezius Muscle, DM/Deltoid Muscle, BBM/Biceps Brachii Muscle, TBM/Triceps
Brachii Muscle, ECRLM/Extensor Carpi Radialis Longus Muscle, FCUM/Flexor Carpi Ulnaris Muscle, and ESM/Erector
Spinae Muscle) were selected. Results: In the TM, muscle activities were decreased as 21% compared to 0.0V, when
drive-voltage 2.0V was applied, as 57% by 2.1V, and 62% by 2.3V(p<0.05), whereas 40%, 56%, and 69% of muscles
activities were decreased respectively from the DM(p<0.05). Also, from the UL(BBM+TBM+ECRLM+FCUM), muscle
activities were decreased by 17% with 2.0V as against 0.0V, by 47% with 2.1V, and 52% with 2.3V, whereas decreases in
muscle activities from the ESM were found by 20%, 34%, and 42% respectively by 2.0V, 2.1V, and 2.3V(p<0.05).
Conclusion: The muscle activities were decreased in the order of the DM, TM, ESM, and UL. As muscle activities were
remarkably reduced as drive voltage were increased, it was expected to reduce the upper body muscle burden on the caregivers
when using shower carriers equipped with driving-assist system. Applications: The results from this study can be applied
for the development of a shower carrier including other equipment to possibly reduce the muscle burden of the caregivers.
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1. Introduction
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Figure 1. Three major care activities of caregivers using
shower carrier in long-term care institution
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2. Method

2.1 Drivability tests
2.1.1 Development of test equipment
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Figure 2. Design concept of drive-assisting system
installed in shower carrier
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FH sk 300kg, FAEE 1m/s, 7FEAIZT 1secZ A2A
3Fo] Motor €% (350W) ¥ F3HZ Wheel Size (27
©210mm) & A3tk (Figure 4).

w3k Ao]7] (Controller) & £38to] Q7pAgtel whet %
% xdo| 753 Wi Hub Motor (SFUN DX, ECOD) 9
Silicon A2 Rings Moldingsdte] dAg o= #|2-aH L,
29 Bracketoll ¢Jsto] TR AIXELS AR9IFE o] <]
Base Frame©l| 11733}t (Figure 5).

Bed Length(mm) 1,900
Bed Width(mm) 650
Bed Height(mm) | 600~1,100

Stroke(mm) 500
Wheel Size 2125
\l Weight 65kg

Figure 3. Newly developed shower carrier prototype

Model 8FUN DX

Motor Capacity (W) 350

Diameter(mm) 2210
Width(mm) 60
Weight(kg) 3

Figure 5. Shower carrier prototype equipped with
drive-assisting system

2.1.2 Selection of subjects and upper body muscles

FRRZ A|Ago] ulE AR o] FHAE AHES
9ske] 40th 934 620 (AH: 4344, A 157+5em, Z
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54.5%1.5kg)& AR AAsleh sdAte] s
Z73517] Y3t ARkl 714 5 (S5 TM/Trapezius
Muscle, 2+ DM/Deltoid Muscle, $1Z-52#<: BBM/
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2.1.3 Test conditions

BoAoa= AAbd 10°¢] ARFd 2A 07 FA
NS AA IS Figure 7). B3 7] AA7E F8%
2] 0%(0.00m/s,), 25%(0.25m/s), 50% (0.5m/s), 75%
(0.75m/s) 8] Z7o® FAAF NP FAst7] flstod,
Hub Motor®] A7}Heks Z42F 0.0V, 2.0V, 2.1V, 2.3VE
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Figure 7. Measurengent of muscle activities on the
10" sloped track

Figure 8. Drivability test conditions of drive-assisting system
installed in shower carrier prototype

2.1.4 Data processing

EMG Al@i= Ak 9] 52912 ¢ s dake] AlA2 YA
Sof we} 9GS I povng 3 Ave] Azl vl
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Asto] AE A ZF 25 dis] MMT (Manual Muscle
Testing) WS E3ll o A2 45 (MVC: Maximum
Voluntary Contraction) 2 Z743}51.2™ (Figure 9), 4%
MVC EMG 2l& 5 ol&sto] 54 s 47 353
skt

MVC % EMG Data®ll th$t 215 =]2] (Signal Processing)

Figure 9. Examples of MVC measurement
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3. Results and Discussions

T A PAT(Table 1), FEZ(TM) oM A=
= 37.56+9.58%(0.0V), 29.58+16.50(2.0V), 16.21 =+
7.13%(2.1V), 14.22+9.56% (2.3V) 2 1%, 4Hz}
Z(DM) lH= 66.59+13.16%(0.0V), 40.16+14.26%
(2.0V), 29.24%7.19%(2.1V), 20.53+7.68(2.3V) & =
AE Ak w3 AR (UL) 914=16.68 £3.84%(0.0V),
13.78+5.14%(2.0V), 8.76£2.55%(2.1V), 7.95+3.34
(2.3V) 2 RIS, HF7HF(ESM) oA & 21.40+
11.71%(0.0V), 17.22£10.94%(2.0V), 14.13%£6.83%
(2.1V), 12.36£5.74(2.3V) 2 ZH 3t} 91714, Hub
Motor®] QI7Ftel wE FEd % tsis A2
Frel ARl fo] 7t 1= e (p<0.05).

7} 5ol QlojAq FEA 2] WskE (Rate of Change) &
AR o gk WA, SEZ(TM) oA =, 0.0V
H) 2.0V A% —21%, 2.1V 2% —57%, 2.3V 7%l
t -62%9 Anrt doifa, A OM) el E, 0.0V
tiu] 2.0V 3¢ —40%, 2.1V 3% —56%, 2.3V 5ol
—69%7F FRAEATH(p<0.05). T3 AA]Z(UL) oA+,
0.0V thH] 2.0Ve] 3¢ —17%, 2.1V 3% —47%, 2.3V
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Table 1. Summary of muscle activities from drivability tests of shower carrier with drive-assisting system

Voltage ™ DM UL ESM
(V) | AVG(%)| SD. |Rate(%)|AVG.(%)| S.D. |Rate(%)| AVG(%) S.D. |Rate(%)|AVG(%)| S.D. |Rate(%)
0.0 3756 | 9.58 * 6659 | 13.16 1668 | 3.84 * 2140 | 1171 *
2.0 2958 | 1650 | -21 40.16 | 1426 1378 | 514 | -17 1722 | 1094 | 20
2.1 1621 713 | 57 | 2924 | 7.9 876 | 255 47 14.13 683 | -34
23 1422 | 956 | 62 | 2053 7.68 795 | 334 | 52 1236 | 574 | 42

Aol —52%7F DR (p<0.05), HAF7IESM) o
A= 0.0V tiv] 2.0Ve] A —20%, 2.1V A5 —34%,
2.3V Agells —42%7F 1= ATH(p<0.05). ol=gt 4
T2 HE, Hub Motor®] 17Fdgtel] wm wgake] Akl
50 Y EE A OM), sES(TM), 3719
(ESM), AAZ(UL) 9] <M= 7k 73] ghelx| g}
(Figure 10).
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Figure 10. Comparison of muscle activities from drivability
tests of shower carrier with drive-assisting system

4. Conclusion
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