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Abstract For frailty management, the importance of resistance exercise has been emphasized, and
various devices have been developed. Recently, digital weight control technology that converts
electromagnetic resistance to a digital weight is attracting attention, but there are no reports confirming
the effectiveness and safety of the device for seniors in Korea. This study conducted a
biomechanic-based ergonomic analysis of an elderly-friendly exercise device utilized in digital load
control technology to suggest a direction for development. Twenty seniors (age: 62.40 + 2.09 years) were
included. The load of the device was classified into three levels, and the muscle activity and heart rate
were assessed during three experimental motions. A questionnaire based on the International
Organization for Standardization 9241-11 was adopted to evaluate the stability, operationality, efficiency,
and satisfaction with the software and device. The program could be divided into three exercise
intensities that can be utilized in the field depending on whether the exercise load, muscle activity, and
heart rate were consistent. The monitor size needed to be enlarged to make the menu Korean, reduce
the device size, and minimize noise. Considering these findings, the development of an advanced
age-friendly exercise device by improving the size, display, and noise is suggested.
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Table 1. Anthropometric characteristics of study

subjects
Age, yrs 62.40 + 2.09
Height, cm 156.70 + 4.67
Weight, kg 53.35 + 6.04
BMIkg/cm2 21.69 = 1.96
2.2 GES
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Table 2. Overview of exercise equipment

Digital weight control technology based
age-friendly exercise equipment
Exercise and rehabilitation

Product

Use

Front

Side
Hardware

Monitor

Height: 210 cm, wide: 200 cm,
length: 100 cm, weight: 180 kg
- Digital weight control technology
- Exercise status and information
management system
- User monitoring system

Software
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Table 3. Experimental target motions

Motion 2
Pulling from the
top to the bottom
at the standing

Motion 1
Pulling from the
bottom to the top
at the standing

Motion 3
Pulling to the back
at the standing

L e position
position position
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Table 4. Leveling of isotonic exercise mode

Table 6. Muscle activity induced by isotonic motion 1

Motion 1 Muscle Low Middle High
Intensity Integration intensity intensity intensity
Front 0.0523 ~ 0.0005 ~ 0.0005 ~
Low 1.0 ~ 238 deltoid 0.1681 0.1814 0.2004
Middle 2.8 ~ 4.0 Bicens 0.0159 ~ 0.0005 ~ 0.0005 ~
— 10 ~ 55 P 0.1403 0.1048 0.1255
8 i Rectus 0.0056 ~ 0.0004 ~ 0.0004 ~
Motion 2 femoris 0.0175 0.0195 0.0225
Intensity Integration Rear 0.0005 ~ 0.0005 ~ 0.0051 ~
04 deltoid 0.0603 0.0707 0.1165
Low 10 ~ 4 . 0.0182 ~ 0.0004 ~ 0.0005 ~
Middle 44 ~ 63 riceps 00585 0.0514 0.0884
High 63 ~ 8.0 Latissmus 0.0067 ~ 0.0005 ~ 0.0005 ~
- dorsi 0.0372 0.0378 0.0413
Motion 3 Elector 0.0213 ~ 0.0005 ~ 0.0005 ~
Intensity Integration spinae 0.0693 0.0495 0.0564
Biceps 0.0227 ~ 0.0005 ~ 0.0005 ~
L 1.0 ~ 3.4
o 5 femnoris 00567 0.0426 0.0684
Middle 34 ~53
High 53 ~74
Table 7. Muscle activity induced by isotonic motion 2
Table 5. Leveling of isokinetic exercise mode Muscle ~ Low .Middl'e ) Higkf
intensity intensity intensity
Motion 1 Front 0.0005 ~ 0.0005 ~ 0.0005 ~
deltoid 0.1080 0.0950 0.1104
Intensity Integration ] 0.0005 ~ 0.0005 ~ 0.0005 ~
Low 10 ~ 1.7 Biceps 0.1001 0.0967 0.0806
. Rectus 0.0004 ~ 0.0005 ~ 0.0005 ~
M 7~ 2.
fiddle L7~ 26 femoris 0.0242 0.3265 0.0341
High 26 ~ 3.7 Rear 0.0005 ~ 0.0005 ~ 0.0005 ~
Motion 2 deltoid 00621 0.0971 0.1087
- - ] 0.0005 ~ 0.0005 ~ 0.0004 ~
Intensity Integration Triceps 0.0476 0.0667 0.0830
Low 1.0 ~ 2.3 Latissmus 0.0007 ~ 0.0005 ~ 0.0005 ~
iddle 23 ~ 35 dorsi 0.0227 0.1158 0.0243
- Elector 0.0005 ~ 0.0004 ~ 0.0004 ~
High 35 ~ 49 spinae 0.0259 0.0249 0.0228
Motion 3 Biceps 0.0005 ~ 0.0005 ~ 0.0005 ~
Intensity Integration femoris 0.0394 0.0465 0.0362
Low 1.0 ~ 29
Middle 29 ~ 43 Table 8. Muscle activity induced by isotonic mode 3
High 43 ~ 6.1
Low Middle High
Muscle \ . . ) . .
intensity intensity intensity
= Front 0.0005 ~ 0.0005 ~ 0.0005 ~
312 2 g8 deltoid 0.0386 0.0462 0.0537
— . 0.0005 ~ 0.0005 ~ 0.0005 ~
BHHE 257 2573k i 3 25 2Ed Biceps 0.0361 0.0424 0.0527
w2 37 =29 A 2z AT (Table 6 ~ Rectus 0.0004 ~ 0.0004 ~ 0.0004 ~
_ . femoris 0.0234 0.0253 0.0285
Table 8) &} 5&4 4% Z¥XE (Table 9 ~ Table Rear 0.0005 ~ 0.0017 ~ 0.0005 ~
11) o] =4 Ax}, B2 9 2% proA IRERE deltoid 0.1440 0.1703 0.1876
e = - Tri 0.0005 ~ 0.0005 ~ 0.0005 ~
Z4E AU A, AgolFa, e, TH 44 riceps 0.0719 00725 0.0905
1 ARQIAFE HETL = e ol=10 Latissmus 0.0005 ~ 0.0004 ~ 0.0005 ~
T, ‘ouTT 1L, T, -1"_ ] L_,— q‘]ﬂ ]‘F‘\__ dorsi 0.0193 0.0294 0.0344
ATt HoRle dE AFdFo] ElE it Flector 0.0005 ~ 0.0004 ~ 0.0005 ~
spinae 0.0273 0.0305 0.0345
Biceps 0.0004 ~ 0.0004 ~ 0.0004 ~
femoris 0.0251 0.0370 0.0496
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Table 9. Muscle activity induced by isokinetic

motion 1
Muscle ) Loy .Middl.e . High
intensity intensity intensity
Front 0.0005 ~ 0.0005 ~ 0.0025 ~
deltoid 0.2190 0.2255 0.2223
Bi 0.0005 ~ 0.0005 ~ 0.0005 ~
reeps 0.1069 0.1247 0.1192
Rectus 0.0004 ~ 0.0005 ~ 0.0005 ~
femoris 0.0216 0.0200 0.0196
Rear 0.0058 ~ 0.0079 ~ 0.0005 ~
deltoid 0.1476 0.1737 0.1633
Tri 0.0005 ~ 0.0005 ~ 0.0005 ~
riceps 0.0903 0.1002 0.0980
Latissmus 0.0005 ~ 0.0005 ~ 0.0005 ~
dorsi 0.0597 0.1025 0.1445
Elector 0.0004 ~ 0.0005 ~ 0.0005 ~
spinae 0.0556 0.0597 0.0535
Biceps 0.0005 ~ 0.0005 ~ 0.0003 ~
femoris 0.0616 0.0607 0.0628
Table 10. Muscle activity induced by isokinetic
motion 2
Muscle ' Low' 'Middl'e . High'
intensity intensity intensity
Front 0.0005 ~ 0.0005 ~
deltoid 01476 |00004 ~ 02370 T s
. 0.0005 ~ 0.0004 ~
Biceps 0.0659 0.0004 ~ 0.0808 0.0833
Rectus 0.0005 ~ 0.0005 ~
femoris 0.0239 0.0004 ~ 0.0246 0.0274
Rear 0.0005 ~ 0.0005 ~
deltoid 00617 | 0025 ~ 00706 75 eg)
. 0.0005 ~ 0.0004 ~
Triceps 0.0588 0.0005 ~ 0.3834 0.0923
Latissmus 0.0005 ~ 0.0005 ~
dorsi 00225  |00005 ~ 00369 "4 o6p
Elector 0.0004 ~ 0.0004 ~
spinae 0.0231 0.0004 ~ 00369 "4 5249
Biceps 0.0005 ~ 0.0005 ~
femoris 0.0344 0.0005 ~ 0.0308 0.0283
Table 11. Muscle activity induced by isokinetic
motion 3
Muscle ) Loy .Middl.e . High
intensity intensity intensity
Front 0.0025 ~ 0.0004 ~ 0.0005 ~
deltoid 0.0514 0.0508 0.0529
Bi 0.0005 ~ 0.0004 ~ 0.0004 ~
ieeps 0.0479 0.0564 0.0633
Rectus 0.0004 ~ 0.0004 ~ 0.0005 ~
femoris 0.1204 0.0209 0.0222
Rear 0.0005 ~ 0.0031~ 0.0042 ~
deltoid 0.0442 0.1534 0.2045

256

Triceps 0.0005 ~ 0.0004 ~ 0.0005 ~
0.0222 0.0825 0.0877
Latissmus 0.0004 ~ 0.0004 ~ 0.0005 ~
dorsi 0.0402 0.0389 0.0421
Elector 0.0003 ~ 0.0004 ~ 0.0004 ~
spinae 0.0305 0.0297 0.0396
Biceps 0.0005 ~ 0.0005 ~ 0.0005 ~
femoris 0.0483 0.0547 0.0738
3.1.3 Algi
37HA LFAEANA AAEE 371 SRYTAA

(Figure 1) ‘%l 544 (Figure 2) BE9| Auks: 24 2
I} BE FFA IPER 4R ATt STk
%ol ﬂOlEl‘ziEP T2, S ETH: 554004 B
o ARt Hdi et 42 3.4%, 2.9% =4 UE

Metion 1 O ave O max
1100
105.0
160.0
- 950
% 0.0
L] 85.0
80,0
750
82.4| |84.7 82.3| (848 83.0| |85.4
700
Low Middle High
intensiry intemsity intensity
Motion 2 O ave O mMax
1100
1050
1000
s 950
E
F 900
& a0
0.0
750
$3.6| [86.4 81.0] |86.2 8a2||87.1
700
Lowe Middle High
intamsity intemsity intansity
Motion 3 O AVE O naax
1100
105.0
1000
= 950
E
F 900
z 5.0
00
50
225 | 844 226 | 844 227 | 848
00
Low Wiiddle High
intensity intensity inransity

Fig. 1. Heart rate during isotonic motion
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Table 12. Frequency analysis of questionnaire
Motion 1 O ave O max
1208 Software section
115.0
100 Very Dis- V?ry
1050 aaree Agree aeree dis-
§ woo 8 8 agree
> 9580
& oo Operation, % 233 61.7 13.3 1.7
:Z'; Learning, % 18.8 56.9 20.0 4.4
ne 824 | 847 823 | 848 830 | 85.4 Saticfaction, % 27.1 55.7 13.6 3.6
700
widdle High Availability, % 23.8 58.8 17.5 0.0
inreﬂsflv Intessity Intensity
Device section
Motion 2 O ave O Max Very Dis- Very
- Agree dis-
agree agree
150 agree
oo Safety, % 30.0 43.8 213 5.0
1050
%mm Effectiveness, % 36.3 56.3 7.5 0.0
95.00
% 00 Learning, % 51.7 30.0 15.0 33
:‘i Satisfaction, % 45.0 475 5.0 2.5
750 7.8 | 90.5 87.9 | 903 877 | 90.2
700
.y Miade e Table 13. Keyword analysis of questionnaire
N Keyword Frequency Content
Meation 3 O AavE O mMax ) , _ . .
1200 Vibration 9/20 (45%) Positive evaluation
150 Monitor and english
10¢ Monitor 8/20 (40%) | needs to be enlarged and
105.0 v i
§ w00 korean, respectively
E %0 Noise 5/20 (25%) Negative evaluation
200
850 Miniaturization 5/20 (25%) Exercise eqL.n;?men.t needs
80.0 to be miniaturized
=0 86.5 | 88.2 867 | 881 86.4 | 881
700
Low Micldle High
ingensity intensity imtensity

Fig. 2. Heart rate during isokinetic motion
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