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Objective Physiology Evaluation and Subjective Satisfaction Evaluation
when Wearing Fitness Compression Wear for the Elderly

Eun-Jin Jeon and Hee-Eun Kim'

Dept. of Clothing & Textiles/Center for Beautiful Aging, Kyungpook National University;, Daegu, Korea

Abstract: Muscle reduction owing to aging causes changes in physical function among the elderly. Fitness compression
wear reduces fatigue by compressing the main muscles, expanding blood vessels, and rapidly discharging lactic acid. The
effect of clothing pressure when wearing fitness compression wear for the elderly was objectively and subjectively eval-
uated for six women aged 55-64 years. The evaluation clothes were three types of tops and bottoms, one type of design
(A) preferred among the existing compression wear, and two types of design (B and C). The objective evaluation items
included clothing pressure, blood flow, surface temperature, and subjective satisfaction. It was found that clothing A had
the highest clothing pressure in the straight posture and five fitness movements. Blood flow increased the most when
wearing the evaluation clothing. The surface temperature was found to be the highest for clothing C, and subjective sat-
isfaction was found to be the best when wearing evaluation clothing B. If the tensile strength was low and the tensile elon-
gation was high, as in evaluation clothing B, it was recognized as appropriate clothing pressure, and the subject was
subjectively satisfied. When manufacturing fitness compression wear in the future, it will be possible to increase users’
objective and subjective satisfaction with wearing it, if the incision of the garment were placed at the location of the line
of non-extension (LoNE), and appropriate material characteristics are applied.
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Table 1. Characteristics of subjects for the study
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Portus, 2007; Formenti et al., 2017; Hadzi¢, et al., 2019;
Kim & Hong, 2016; Quesada et al, 2015y5°] vt A3 <
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2.1, T&X}

A= DAL F 33] o] &5S FAstaL AR
off FEUZ Qtuldofe] 28 Aol Ue 55~644] o=
BMIZ} 25(kg/mY)ell E3HEE 6%-S 4431t JAAE Size
Korea(2015)914] AAIZE 50~694] AlZx]e] Holl &3l 3
EYZ Qo large sizedll B3 AFS AAstH oM,
yEale] AlA 712 54 Table 19 A2ISFAT} Table |
o] A2lsttt. H7F Zxte] AAX]4e] HS o] 5874,
BMI 24.0(kg/m?), E57 598 cm, A% 157.8 cm, 7H=Ed|
91.2 cm, s12]E3 83.3cm, YPolE 93.8cm, 1A &4
528 cm, Fokg] £ 359cmz wolE AT

2.2. W72 mEL|A tklo]

H7HE 3%S ARAE e R 3 FJEUX akse] 2
£ 54 HU1E Fde A A(Jeon et al., 2019)014 17
A7} 77 AFse trrles AdE N2 AE 15 A
Bk Grhs TRl 2%(B, O sITh ML 25
JEUL 52 {8 AFHE E4(Jeon et al, 2020) A
Al JEUL T ARREE FF5 259 A AFHE 7]
Hho® TRl 25 gk glels A E

HW7HELS ALE AWt 214ve)l 71nkx] Fejolw, F-3}

Shiect Age BMI2 Weight Height Bust Cir. Waist Cir. Hip Cir. Thigh Cir. Calf Cir.
(year) (kg/m”) (Kg) (mm) (mm) (mm) (mm) (mm) (mm)
S1 64 234 57 156 90 82 93 53 36
S2 57 25.1 61 156 94 86 95 53 39
S3 57 242 62 160 89 82 92 53 35
S4 57 24.8 61 157 91 80 94.5 53 34.5
S5 57 244 61 158 93 85 96 53 36
S6 60 223 57 160 90 85 92 52 35
Mean 58.7 24.0 59.8 157.8 91.2 83.3 93.8 52.8 359
SD 2.88 1.03 2.23 1.83 1.94 234 1.67 0.41 1.63
Size Korea mean 24.6 59.0 154.7 90.6 82.5 92.9 54.2 344
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Table 2. Clothing designs evaluation

Existing clothing (A type)

Developed clothing (B type)

Developed clothing (C type)

Front Back Front

Back Front Back
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Table 3. Evaluation clothing sewing method and material properties

Existing clothing (A type)

Developed clothing (B type)  Developed clothing (C type)

Sewing method

Flat lock stitching (4 needle)

Flat lock stitching (4 needle) Knitted fabric (seamless)

Ployester (80)

3 0,
Composion (%) Polyurethane (20)

Ployester (70)
Polyurethane (20)
Nylon (10)

Ployester (88.1)
Polyurethane (11.9)

. _ Wale (579.6) Wale (404.1) Wale (501.1)
Material - Tensile strength (N/S em) Course (217.9) Course (433.1) Course (294.4)
properties Wale (263) Wale (105.5) Wale (62.4)

. . o ale . ale . ale .
Tensile elongation (%) Course (111.1) Course (106.5) Course (132.0)
Wale (97.3) Wale (98.7) Wale (97.5)

Extension Recovery(%) Course (99.2)

Course (97.5) Course (95.3)

Table 4. Size Korea data(2015) and commercially fitness wear pattern reduction rate

Women .Pattem X-Small Small Medium Large X-large
reduction rate(%) 85 90 95 100 105

Bust Size Korea s 79.7-83.6 83.6-87.4 87.4-91.0 91.0-94.4 94.4-99.6
Pattern size 79.4 83 86.4 90 94.6

Waist Size Korea s 68.7-72.1 72.1-76.0 76.0-80.5 80.5-86.0 86.0-91.4
Pattern size 68.5 722 76.0 81.7 86.8

Shoulder Size Korea 5 30.6-32.6 32.6-33.3 33.3-344 34.4-35.5 35.5-36.5
width Pattern size 319 326 337 34.8 35.8

Back Size Korea 0 36.0-37.0 37.0-38.4 38.4-39.6 39.6-41.1 41.1-44.6
length Pattern size 37.0 384 39.6 41.1 44.6
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Fig. 1. Development clothing pattern and dimensions; (a) B type top pattern and dimensions, (b) C type top pattern and dimensions, (c) B tytpe & C
type slacks pattern and dimensions.

Front waist
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Table 5. Clothing pressure sensor attachment location and fitness motion
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Sensor location Motion

Sensor location

Motion image

(Korean Agency for Technology and Standards, 2021) (Exercise tips for the elderly, 2012)

F1 Bust Trunk extension
F2  Brachium Shoulder abduction
. F2 o

F3 Abdomen Trunk flexion

F3
F4  Buttocks(S) Leg flexion/extension .
F5 Thigh Leg flexion/extension
B1 Back Trunk flexion
B2  Buttocks(B) Leg flexion/extension
B3 Calf Leg flexion/extension

(\

./ ‘b

—

B1
L ]
A Trunk extension Trunk flexion
&
Al
(
C D J/
82 WSS
® < (|
{ U T )
| \455
Shoulder abduct:’on
(A L AUN
B3 ) (3
° ( ‘ }‘l\\ . 1\ ,“\Al\l
) ] ) W=
| [—7 )
% || |
Leg flexion Leg extension

Experimental procedure (103min)

S1. Rest(10min)

- Body temperature

S2. Wearing clothes (5min)

- Existing clothing(A)
- Developed clothing(B, C)

- Subcutaneous fat measurement

- Subjective evaluation

S3. Blood flow measurement (1min

)

- Right middle finger
- Sitting posture

Repeat 3 times

Task (motion)

S4. Clothing pressure measurement (10min)

- 8 parts
- Clothing pressure: 10 sec measurement
- Steady vs. Fitness motion

'

- Subjective evaluation

S5. Surface temperature measurement (5min)

- Fitness motion(upper, lower)
- Photo shoot(front, back)

!

- Surface temperature measurement

S6. Recovery (10min)

Fig. 2. Evaluation protocol.
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0.850 kPa, H7M3- C= 0.000 kPa~0.320 kPaZ UJERGT). 214
FoE oJEQte A AAMeA HFrHE A 2HE Al FEFSA
(1.619kPa), Fo}2] 5%(1.510kPa), E-5(1.316 kPa), JHo|
Z910.767 kPa), 715(0.064 kPa) 671

Z9}(0.832 kPa), 319%|
Ymol H7lE B, Curt gEgle] we Aoz et

(Table 6).
712 B 28 Aloll= HrHE A tiH] 5(0.035 kPa) 9]0l
A 9ERQfe] B2 Zo=E YEen, HrHE CdME ¢t

(0.320 kPa) F-9]ol|A] oEgte] =2 Aoz RIS 7t
5 Ce s AT dii-2e #9194 A, B B7HE oiH]
o] ESto] v AoR IRIHLH, 53] Fold FY

(0.821 kPa), 3HA] F%(0.587 kPa), E-4-(0.350 kPa), =
(0259 kPa), YHo] F4(0.149 kPa) 2= 3E79| H7
F oEgte] P W Ao E et

FEYZ 52 Ale] Q1A F-91¥ o5} 7t AeME 7]
& AFER] BF7HE A7F S F9lolA ojEdo] =A UERS
], o2 JiE 7HER] B ¢ C 9] o= A A4
o] A} Akt AoR RIS FJEY L T2 F7HE
A9 9JEQt WMYE 0.162kPa~1.775kPao]®], H71E BE
0.000 kPa~1.516 kPa, ¥7143 C= 0.333 kPa~1.131 kPaZ L}E}
B
AR

EJu

W7 A 28 Al gEQo] 2 ¥
2 Al A= F3(1.215 kPa)st dwo] 5%0.804 kPa) H-9], th
g o 7] 3 Al Folel FY(1.775kPa) 791, 1] ¥ &
7] B2 Al Foly] FU%(1.276 kPayd JHo] F4(0.804 kPa)F-
Q2 Uepdtt. A Fois 38 53] 85(0.984 kPa),
71(0.566 kPa) F-919F 28 T2 Al 5(0.462 kPa) F-9]°]
Al oEgte] 2 Zloa RIS WM Be i 457

Polze vl | 571 %

Table 6. Clothing pressure analysis result for each clothing(standing & motion)

Sensor location Posture and motion

Evaluation clothing

A B C A-B B-C A-C
F1 Bust 0.064 0.000 0.000 0.042* 0.123 0.006**
F2 Brachium 0.245 0.063 0.320 0.005%* 0.180 0.383
F3 Abdomen 1316 0.795 0.350 0.011* 0.032* 0.006**
F4 Buttocks(S) . 1.619 0.819 0.259 0.021* 0.025* 0.000%**
. Standing posture
F5 Thigh 0.767 0.680 0.587 0.087** 0.036* 0.052
Bl Back 0.000 0.035 0.024 0.169 0.420 0.048*
B2 Buttocks(B) 0.832 0477 0.149 0.003** 0.006** 0.000%**
B3 Calf 1.510 0.850 0.821 0.023* 0.106 0.007**
F1 Bust Trunk Extension 0.566 0.042 0.395 0.136 0.118 0.388
F2 Brachium Shoulder Abduction 0.162 0.000 0.576 0.026* 0.012* 0.064
F3 Abdomen Trunk Flexion 0.984 0.735 0.369 0.037* 0.029* 0.007**
Flexion 1.296 1.516 0.539 0.324 0.040* 0.022*
F4 Buttocks(S) Leg ]
Extension 1.215 0.853 0.630 0.171 0.201 0.410
. Flexion 1.099 0.984 0.915 0.309 0.387 0.308
F5 Thigh Leg .
Extension 0.731 0.771 0.695 0.138 0.094 0.024*
Bl Back Trunk Flexion 0.462 0.058 0.333 0.097** 0.091 0.307
Flexion 1.102 1.088 1.131 0.377 0.375 0.401
B2 Buttocks(B) Leg .
Extension 0.804 0.572 0.482 0.285 0.024* 0.017*
Flexion 1.775 0.760 0.611 0.010* 0.233 0.007**
B3 Calf Leg .
Extension 1.276 0.788 0.813 0.034* 0.034* 0.125

wxkp< 001, #4p<.01, *p<.05
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Table 7. Blood flow analysis result for each clothing

A type B type C type
Subject
Mean SD Mean SD Mean SD
S1 49.6 0.3 49.1 1.0 354 0.8
S2 439 0.6 48.8 1.9 35 3.0
S3 53.4 1.3 58.4 1.2 66.9 0.5
S4 54.6 1.1 54 0.9 404 1.7
S5 43 0.4 43 0.4 24.8 3.6
S6 46 0.7 589 0.4 36 0.9

Mean 49.2 0.52 47.4 0.33 45.0 0.67

t-value  A-B 0.203* B-C 0.038* A-C 0.062

*p<.05

2ppsle] 84)2] A A B} H FEE BEE B SIS

ok W7 C 2EA] QA F9e] Wi W &= 30.88°C,
H7HE BE 3045°C, H7HE Ax 30.10°CE
H7He C ZEA] QIA F9E ZH2EE FE SHFH
31.60°C, 7K&(F1) 31.20°C, &°l2]l F%(B3) 31.15°C, 5(B1)
31.07°C 9] 02 HH2E7F 22 Zo= RiFeH, 3
7Hg B 2H8- AlellE Fole]l $%(30.90°C), 5(30.70°C), £
(30.67°C), 71=(30.58°Cy2] Tolfiom, H7HE A ZEAllE F
okz] $9B3) 30.70°C, FFF(F4) 30.67°C, 7I5(F1) 30.52°C,
2] FUFS) 3040C] =02 YePGTE H7HE 33004
FH2E7 A e 298 vwdt A9 7, A F3,
5, FolE] FY0) FEoE ULt =L A 9= 3
= A th(Fig. 3, Table 8).
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Fig. 3. Example of surface temperature analysis when wearing
evaluation clothes (after fitness motion).
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Table 8. Evaluation result of surface temperature analysis for each clothing

Measurement A type A-B B type B-C C type A-C
position Mean SD t-value Mean SD t-value Mean SD t-value
F1 30.52 1.0 0.464 30.58 1.2 0.018%* 31.20 1.1 0.155

F2 29.53 0.8 0.273 29.77 1.0 0.044* 30.37 0.7 0.026*

F3 29.45 1.1 0.054 30.67 0.8 0.074 31.15 0.7 0.006**

F4 30.67 1.0 0.424 30.52 0.8 0.067 31.60 0.7 0.006**
F5 30.40 0.6 0.364 30.57 1.0 0.161 30.88 0.6 0.108

B1 29.98 0.8 0.022%* 30.70 0.6 0.070 31.07 0.3 0.007**
B2 29.58 0.7 0.193 29.82 0.5 0.156 29.97 0.5 0.141
B3 30.70 0.6 0.344 30.90 0.9 0.244 31.15 0.7 0.079

wrkpC 001, *4p<.01, *¥p<.05

Table 9. Subjective satisfaction assessment result

Evaluation item Body parts A type B type C type
Ease of breathing Ease of breathing when wearing clothing ~ Whole body 4.1 6.2 4.0
Whole body 45 5.8 4.1
Bust 4.8 5.7 4.4
Abdomen 42 59 42
Feclng of pressre \PPIOPIte degree of pessue ind fiing AN j:; o >
Arm 4.6 5.7 4.6
Leg 4.7 5.7 45
Average 4.5 5.8 44
Whole body 4.7 53 44
Bust 4.6 5.2 43
Abdomen 4.6 5.7 4.8
Mo g AR s e bW
Arm 4.6 53 4.8
Leg 53 5.7 4.8
Average 4.7 54 4.6
Whole body 53 6.3 4.8
Bust 49 5.6 4.9
Abdomen 4.8 5.8 5.0
Motion suitability Degree of smooth 1.110vement during Waist 4.0 5.7 4.8
exercise Back 49 5.7 4.7
Arm 4.6 5.8 49
Leg 4.7 5.8 5.0
Average 4.7 5.8 49
Wearing comfort Degree of comfort when wearing clothing Whole body 4.6 6.3 3.7
Material suitability Degree of material satisfaction Whole body 4.6 6.2 2.8

Average 4.6 5.7 45
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