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Development and Evaluation of Customized Clothing for Patients with Severe Dementia

Kwang Ae Park and Chung Eun Yangm

Dept. of Fashion Design, Silla University; Pusan, Korea
UDept of Fashion Design, Catholic University of Daegu, Daegu, Korea

Abstract: The purpose of this study is to develop clothing customized for dealing with patients with severe dementia.
Based on the results of previous studies, The research patient clothing was designed to reduce the physical fatigue
experienced by caregivers when dressing and undressing patients by changing the position and shape of the split in
the patient’s clothing. This study used qualitative and quantitative methods to measure the extent to which these mod-
ifications improved the ease of dressing and undressing the research patient. The research patient clothing was devel-
oped by moving the rear-center zipper to the side and changing the zipper from being half-open to fully open. Muscle
energy consumption and fatigue generation were analyzed using EMG signals at the following sites: brachioradialis,
biceps, triceps, anterior deltoid, medial deltoid, posterior deltoid, upper trapezius and erector spinae. Results indicated
that the modified research patient clothing required less muscle energy and the occurrence of muscle fatigue decreased
overall compared to traditional patient clothing. This was supported by the qualitative subjective evaluation, which
revealed that dressing and undressing was easier with the modified clothing. In conclusion, repositioning of the back
zipper to the side and the fully open slit shape significantly reduced caregiver fatigue when dressing and undressing

patients.
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Fig. 1. Research patient clothing; (a) research patient clothing, (b) patient clothing with open zipper in the back center.
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Table 1. Patient clothing size

(unit: cm)

No Measurement items Research patient clothing Patient clothing with open zipper in the back center
1 Bust circumference 115 114

2 Length from side neck to sleeve hem 63 63

3 Circumference of a sleeve hem 34 34

4 Waist circumference (stretched rubber band/rlaxed elastic band ) 115/115 110/96

5 Length from front neck to front crotch 90 88

6 Length from back neck to back crotch 95 92

7 Length from underarm to pants hem 117 120

8 Circumference of pants hem 42 42

9 Length from back neck to pants hem 148 147.5

Fig. 2. Emergency experimental mannekin and bed.
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Table 3. Motion task of dressing and undressing patient clothing for
electromyography(EMG) signal analysis

Motion task
Zip up
Put arms
Cover the body
Put legs/hip

Motion classification

Motion of dressing

Open zip
Take off arms/body
Take off legs/hip

Motion of undressing

Table 2. Attachment of 8 EMG electrodes & wireless electromyography(EMG)

« Upper trapezius

Anterior deltoid 0.
) »Posterior deltoid

Medial deltoid *

Biceps- " Triceps

Brachioradialis < " Erector spinaes

Image. 1. Human muscle.
www.istockphoto.com.

TELEMYO DTS Telemetry
(Noraxon, USA)

Image. 2. Wireless electromyography(EMG).
www.seedtech.co.kr.
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Table 4. Subjective usability evaluation questions

Motion task Dressing Undressing

1. easy to zip up 1. easy to open zipper
2. easy to put arms 2. easy to take off arms
Contents 3. easy to cover the body 3. easy to take off body
4. easy to put legship 4. easy to take off legs/hip
5. overall excellence 5. overall excellence

Front

weas apig

Fig. 3. Pattern design method of research patient clothing: (a) top pattern, (b) bottom pattern.



350 SRl FERIY SIEIR] A25H A3E, 2023K

AASREE ol 55 sk Aulee @
shet 712 SRpe] Welolt tha Hh
) R A1 SR )7 el avE
oj7o] glo} RN sl2lo] LFEEE A
sk el AT Tk, sled, 8, 5
Pl B8 FAeA Agidny. ATe] SE A
& Fig 33} 2t

m 47

| =
7144

i =
i}
[o

)
4
il
'z
of LY
Of

I ol:om

(<

o
=2
A=y

B23g
3}

of
ol
py

S r o ?

o
rir

u}

>

1|
Fﬂ ofl

Am\i_\.i

kY

3.2. ZO|2% H|wEAM ZHat

2 ATe S2YRE WY RS el S 2=
% F3F(median frequency)E ©]-83t] AT &5
50| A&Ee] FJrwrt FAHEY ] ZA A<
&5e] TSIt J3 AaEs, oln ZHE] o8
% median frequency 7S ©]-&3le] ZyRE WA o
< AtHKim et al 2013). & %7] 2585 A 29%
Falgol] vlg] 57]2] median frequency®] 7ol A
S EE7t dAshs ZAo® FAECh Table 5, 62
71E BAEY #Fe] T2 9 Al 139 33] W SA "
median frequency$} median frequency A4&S 72t e
Aot} AT-E-2 7|E FRE-HL} biceps, brachioradialisE Al
9%k 2 =52 median frequency 7A&o] Z2 o7
Eldth 53] 7|1 $AMEo| A= posterior deltoid, anterior
deltoid, erector spinae =52 ZAgo] ZHzt —5.0%, —4.7%,
“41%% Frago] A dehd v, A7 Z7F 0.4%,
4.8%, 8.5% median frequency®] #teo] 2318 S7FeIE=d] o]
© Aol 7€ FxERT o7, 91, dE] Z5olx 23]
2 wAo] JXE Aow FAT 4+ rh

et oy

Table 5. Median frequency results when dressing the patient

Table 6. Muscle fatigue results when dressing the patient (unit: %)

Research patient  Patient clothing with open

Muscle clothing zipper in the back center
Upper trapezius —-0.6 -1.2
Anterior deltoid 4.8 —4.7
Medial deltoid 23 —2.7
Posterior deltoid 0.4 =5.0

Triceps 1.7 -1.5

Biceps 2.7 0.1
Brachioradialis —0.8 6.1
Erector spinae 8.5 —4.1

cell which muscle fatigue occurs as the median frequency decreases.
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(unit: Hz)

Research patient clothing

Patient clothing with open zipper in the back center

Put on 3 time (n=20)

Put on 1 time (n=20) Put on 3 time (n=20)

Muscle
Put on 1 time (n=20)
U . m 54.2 539
er trapezius
PP P SD 9.0
m 49.5 51.9
Anterior deltoid
SD 17.6
m 63.8 62.3
Medial deltoid
SD 18.2
m 46.6 46.8
Posterior deltoid
SD 14.7
m 46.4 472
Triceps
SD 13.0
m 55.5 54.0
Biceps
SD 16.5
m 63.8 63.3
Brachioradialis
SD 27.7 24.1
. m 39.8 432
Erector spinae
SD 10.6

154

13.9

15.5

55.1 54.4

8.1 7.8
533 50.8
18.1 212
62.7 61.0
19.8 20.2
45.6 433
20.6 19.5
46.1 454
12.3 12.8
55.8 559
173 17.3
64.6 68.6
27.5 283
43.8 42.0

15.5 154




Table 7. Median frequency results when undressing the patient
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(unit: Hz)

Research patient clothing

Patient clothing with open zipper in the back center

Muscle
Take off 1 time (n=20) Take off 3 time (n=20) Take off 1 time (n=20) Take off 3 time (n=20)
m 52.0 523 50.5 495
Upper trapezius
SD 7.9 10.6 134 13.6
472 49.2 52.7 46.5
Anterior deltoid
SD 16.8 20.1 20.0 235
61.5 60.9 65.1 622
Medial deltoid
SD 18.6 22.0 23.6 235
45.1 443 45.7 47.0
Posterior deltoid
SD 20.5 20.0 21.6 18.7
. m 45.1 43.5 41.6 414
Triceps
SD 12.8 12.6 154 15.1
m 52.5 52.5 55.1 55.6
Biceps
SD 18.5 173 21.6 199
m 542 579 65.0 67.8
Brachioradialis
SD 37.1 30.1 28.7 299
) m 41.7 40.5 41.1 43.0
Erector spinae
SD 19.9 224 20.4 24.8
Table 8. Muscle fatigue results when undressing the patient (unit: %) = Zlog AdHct Ay (97 2N £ 253
Muscle Research patient ~ Patient clothing with open 3 9= brachioradialis 2504 71 o] B)F)| A=
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Table 9. Comparison of Cumulative EMG when dressing the patient (unit: pV-s)
Design
Motion task Muscle . . Patient c[othing with open T-value
Research patient clothing . .
zipper in the back center
Mean 2,346,568 2,200,941
Upper trapezius 0.54
SD 1,393,539 1,551,102
Mean 1,516,551 1,453,072
Anterior deltoid 0.24
SD 1,003,383 1,792,261
Mean 1,495,710 1,143,276
Medial deltoid 2.28*
SD 911,588 773,701
Mean 1,096,717 1,114,229
Posterior deltoid 0.04
SD 702,181 2,980,362
Zip up
Mean 2,274,137 1,990,566
Triceps 1.18
SD 1,495,463 1,096,325
Mean 870,794 733,036
Biceps 1.75
SD 305,388 526,576
Mean 1,075,928 1,320,642
Brachioradialis 2.01%*
SD 635,786 699,460
Mean 836,269 755,562
Erector spinae 0.76
SD 552,891 606,401
) Mean 3,842,696 4,547,752
Upper trapezius 1.51
SD 1,734,388 3,171,757
Mean 2,280,695 3,513,734
Anterior deltoid 3.11
SD 1,651,004 2,592,410
Mean 2,926,853 2,813,588
Medial deltoid 0.27
SD 2,544,585 1,979,770
. Mean 1,641,117 1,817,184
Posterior deltoid 0.67
SD 880,270 1,831,365
Put arms
Mean 6,196,424 5,601,861
Triceps 0.08
SD 3,935,949 4,235,761
Mean 2,306,797 2,162,308
Biceps 0.49
SD 1,623,649 1,598,055
. ) Mean 3,570,020 3,778,594
Brachioradialis 0.52
SD 1,904,439 2,437,703
Mean 1,622,531 1,577,196
Erector spinae 0.16
SD 1,409,932 1,696,700
Mean 2,134,255 4,580,436
Upper trapezius 6.37%**
SD 1,512,885 2,559,225
) Mean 943,130 2,834,400
Anterior deltoid 6.75%**
SD 704,175 2,054,421
Mean 1,182,135 2,626,209
Medial deltoid 4.72%*%*
SD 975,047 2,162,388
Cover the body
Mean 1,143,097 2,032,919
Posterior deltoid 2.32%
SD 1,757,788 2,401,038
Mean 2,294,276 5,965,748
Triceps 6.17%**
SD 2,046,769 4,129,865
Mean 691,533 1,677,881
Biceps B — 7.5T7***

SD 425,377 915,126
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Table 9. Comparison of Cumulative EMG when dressing the patient (unit: pV-s)
Design
Motion task Muscle . . Patient clothing with open T-value
Research patient clothing . .
zipper in the back center
o Mean 1,300,172 3,901,886
Brachioradialis 8.06%**
SD 1,133,791 2,228,090
Cover the body
Mean 863,707 1,419,204
Erector spinae 2.28*
SD 1,409,220 1,256,997
Mean 2,362,221 2,987,639
Upper trapezius 2.33*
SD 1,123,486 1,754,444
Mean 1,441,408 1,804,793
Anterior deltoid 1.56
SD 1,188,846 1,361,283
. . Mean 1,586,988 1,799,201
Medial deltoid 1.05
SD 1,155,541 1,051,582
Mean 1,844,373 1,316,611
Posterior deltoid 0.63
. SD 1,334,805 1,466,758
Put legs/hip
Mean 2,445,407 3,056,921
Triceps 1.51
SD 1,722,358 2,623,648
Mean 843,522 1,072,474
Biceps 2.05%
SD 471,770 724,863
L Mean 1,342,931 2,064,901
Brachioradialis 3.02*
SD 781,714 1,681,371
Mean 919,140 971,110
Erector spinae 0.32
SD 745,970 1,013,923
Table 10. Comparison of Cumulative EMG when undressing the patient (unit: pV-s)
Design
Motion task Muscle i i i i T-value
Research patient clothing Patient ?lothlng with open zipper
in the back center
. Mean 633,547 2,003,314
Upper trapezius 7.91%**
SD 414,987 1,275,372
. . Mean 492,454 1,632,625
Anterior deltoid 7.08%**
SD 387,057 1,185,083
. . Mean 489,360 1,279,570
Medial deltoid 5.65%**
SD 281,171 1,045,323
. . Mean 537,514 743,989
Posterior deltoid 0.89
. SD 668,169 662,362
Open zip
. Mean 690,259 2,241,994
Triceps 8.48%**
SD 658,488 1,254,637
. Mean 324,951 947,850
Biceps 8.17%%*
SD 162,766 567,647
o Mean 418,290 1,614,538
Brachioradialis 9.10%**
SD 246,285 988,549
. Mean 356,130 716,973
Erector spinae 4.43%%*
SD 275,976 567,301
. Mean 1,963,365 1,670,773
Upper trapezius 3.05*
Take off arms/ SD 459,980 582,329
body _ ) Mean 1,262,471 1,215,302
Anterior deltoid 0.31

SD 775,336 878,271
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Table 10. Continued.

Design
Motion task Muscle i i i i T-value
Research patient clothing Patient ‘clothmg with open zipper
in the back center
Mean 1,637,094 1,641,322
Medial deltoid 0.03
SD 647,946 1,078,544
. . Mean 1,163,025 1,230,865
Posterior deltoid 0.34
SD 663,407 1,410,741
Mean 1,249,221 1,369,601
Triceps 0.98
Take off arms/ SD 446,379 838,825
body ) Mean 958,363 840,735
Biceps 1.54
SD 334,132 488,956
L Mean 968,730 1,115,017
Brachioradialis 1.52
SD 296,155 686,347
. Mean 677,423 660,317
Erector spinae 0.21
SD 409,128 470,129
. Mean 726,320 1,154,454
Upper trapezius 4.36%**
SD 419,746 635,180
Mean 481,033 932,305
Anterior deltoid 4.04%%*
SD 451,017 737,697
. . Mean 521,050 1,248,616
Medial deltoid 4.96%**
SD 407,386 1,060,279
. . Mean 1,005,366 1,005,780
Posterior deltoid 0.00
. SD 1,277,311 1,370,171
Take off legs/hip
Mean 1,040,815 1,306,111
Triceps 1.62
SD 895,105 901,936
. Mean 360,172 618,465
Biceps 4.40%**
SD 286,783 353,203
Mean 669,140 1,142,759
Brachioradialis 4.24%%*
SD 468,378 727,291
. Mean 360,497 449,188
Erector spinae 1.43
SD 351,642 325,532
*p <.05, ***p<.001
Table 11. Comparison of ease of dressing dementia patient
Design
Motion task Pati lothi ith T-value
Research patient clothing z?tlent .COt ing With open
zipper in the back center
. Mean 5.67 3.83
Zip up 3.49%*
SD 1.19 1.89
Mean 6.28 5.72
Put arms 1.59
SD 0.9 1.18
Mean 4.44 3.17
Cover the body 2.37*
SD 1.58 1.65
. Mean 55 5.06
Put legs/hip 0.75
SD 1.47 0.48
Mean 5.67 3.83
Overall exellence 3.99%**
SD 1.14 1.58

p < .05, *p<.01, ¥*¥*p< 001
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Table 12. Comparison of ease of undressing dementia patient
Design
Motion task i i i T-value
Research patient clothing Pe}tlent ?lomlng with open
zipper in the back center
Mean 6.00 3.61
Open zip 5.21%%*
SD 0.84 1.75
Mean 6.28 5.95
Take off arms 1.18
SD 0.75 0.94
Mean 533 4.56
Take off body 1.48
SD 1.46 1.69
Mean 5.89 4.22
Take off legs/hip 4.01%**
SD 0.9 1.52
Mean 6.06 45
Overall exellence 3.95%*
SD 0.73 1.5
**p <01, ¥**p<.001
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