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Market Survey and Motion Characteristics Research on Fitness Compression
Wear to Improve Muscle Efficiency for the Elderly
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Abstract: The objective of this study is to investigate the market of fitness compression wear as well as to design an
optimal fitness compression wear by analyzing the muscle and movement characteristics of the elderly women in Korea.
In this regard, research for functional garments is needed to increase muscle activity of elderly people during physical
exercise. Firstly, we investigated the brand, design, size, material, and pattern of fitness wear based on the market survey.
Secondly, we identified preference, evaluation items, evaluation method, and pattern design method based on the lit-
erature review. Finally, in addition, the motion type, range, angle to improve the muscle strength of the elderly were
investigated and the maximum muscle strengths of each motion were analyzed by using 2007 Size Korea data (n = 386).
It is also designed for muscle fatigue through exercise and rapid fatigue recovery after exercise. The evaluation methods
for fitness compression wear were classified as motor functionality, physiological comfort, pattern and material suitability
evaluations. The muscle strength at leg (pushing force) and waist (lifting force) of the ages of 60 to 69 years old showed
239.3 N and 274.5 N, respectively, which were the lowest forces compared to younger age groups. By applying these
results to the design process of fitness wear, it is anticipated that the fitness wear will have a proper fit to the body shape
of elderly people in South Korea as well as it can increase muscle efficiency to promote physical capability and healthy

life for senior people.

Key words: motion characteristics (5-2F5-43), fitness (¥]EU2~), compression wear (%2<1¢]), muscular efficiency (&

&), elderly (X8 A

1. M

rh

SR " TR AEt FoE I wE
Al FgFolH | 20503 L QAF ] 34.4%=Z OECD =7}
oA HaL o 0% ZoR AWEI vt vt 3
Bk it 7S 24 79. 3Aﬂ o)A 854x01X %+ A7
FHe IA 64749 ow 65242 7|l & 2olg B
ATHStatistics Korea, 2016). T3k, 7 3}o] &9} &

s
o 3
2

olar

fCorresponding author; Hee-Eun Kim

Tel. +82-53-950-6224, Fax. +82-53-950-6219

E-mail: hekim@knu.ac.kr

© 2018 (by) the authors. This article is an open access article distributed
under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

343

o

25t Al8) &
1w=919) 71

36.8%(21
Dz il

o,

U/\é]

o] Srtel ol mE =9l 88| S7F
AR FEaL dok A s 6541 ©]

b

> 2

5H] ov]
201613 38.0%(24% 536439 €), 2015
), 20149 35.5%(19% 335519
7Fk= FAM9l 2 th(Statistics Korea,
2017). FUA7Z BREFeol 2002~2008d =914 A3 Mg
Fo l% 48 A3, 20089 2E71HE o83 12914 H3At
2000u4_i 200243 497+ 900079 1 8 43t

st 57t

ox d

Hl=
37164

rL

R
E
A5
21% 336439
] =7

(s}

A

A

Eays)
G|

;

A

[
o

)

1 25 99 dhE gL
3, wel, 27]

2 XJ_%M Basi,

ez, W4 ) ol A

4 7)5o] WolAA Ak 53], wH= A



344 O FERIY BIR] A20H A35, 2018

ol B2 wslE zsi, i"
2 BAIY YR =15
S A Eoh(Park, 2017). w}
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Table 1. Size Korea data maximum muscle strength analysis motion
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N f
Muscle strength type umber o

measurement items

Number of

Muscle strength type .
gth typ measurement items

Grip force Grip force 4 . Leg pushing force 2
Pushing force

Pick force Pick force (pinch) 2 Pushing force 13

Wheel turn force 8 Pull force Pull force 13

Turn force (antebrachium) 8 Press force Press force 6
Turn force

Turn force (upper arm) 4 Raising force Raising force

Turn force (crank) 4 Lifting force Waist lifting force
Twist force Twist force 8
M) 5 80K B PHso) k. £ ARAE ofF V2 qhubsloe] AASAL AFE ol D e 44
TR A 28 PP 99 A0l rEs Y VIEEA L Bel Aol Al AREA F - 9] SEVZ qhtelof
AAFA, 180°% 90%), 2ele @ 270 @=A]) AL, 180° 90%)2t o] Be, TaRl, A", &4, Ao 5= wetsislth. v EY
SH 28 S A B2 &3k vle E vl 244 2 Qiigoje]l =] B E=+= Nike, Adidas Techfit, Under
A, ZE= Al 180° 90°%), Ex ¢ QJH(EJE] /\ix]-x-ﬂ A= Armour, Descente, Skins, Enerskin, New Balance, Puma,
=0l 9] 10cm, F-E=0))9] 2o 527 Zt=d F, 9 &9 2XU, Compressport, Reebok, Le coq sportif, CW-X 5o] %
A 28 Al 9Ed Hi, EFEURE v —H“ o] AlEQlon | =) HHl=2= Superfeaturing, Lecaf, Prospecs,
FHeZ o] IR o] Box ke efsisith Black yak, Scelido, Fixgear 5] ZA= T}
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Table 2. Survey example overseas fitness compression wear product

SJEL2: gjglols 2Ex ot £5ASS o R 4
AR AF] ch-iolgon, g BAL 23BYE B
a3k WHlsh BT A5T W Fuel o FAEY
SEVZ ghslols] SEle olAle] 5 28 P 54 %
g som AASOR, o8 T4e] Fad 929l TR

Brand Image

Characteristic

| - m B l

The new Nike Pro Combat

- Adjust the size of the plaid

- Effective for quick fatigue recovery
- Sports Science + Biomechanics

- polyester 80-90%, spandex 10-20%
- Price: Top(70-120%), pants(50-70$)

https://www.google.co.kr/search?q=The+new+Nike+Pro+Combat

&tbm

| - ' “ "

Wiggle Adidas Techfit Rec Shor
- Effective in muscle strength
- Maximize power and velocity
techfit cool: mild pressure, ventilation, cool
- Techfit base: cool, dry, comport
- polyester 75%, spandex 25%
- Price: Top(70-1208), pants(50-70$)

http://www.wiggle.co.uk/adidas-techfit-rec-short-sleeve-top-ss12/

Under
Armour

http://www.prodirectrugby.com/lists/under-armour-base-layer.aspx

Calzamaglia - Under Armour

- Compression fit Product segmentation

- Maintain body temperature

- Increased power, Superior comfort

- polyester 60%, polyamid 34% elastane 6%

- Price: Top(70~120%), pants(50~708$)
Tactical Avengers Superhero
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Table 2. Survey example overseas fitness compression wear product (continued)

. #
4 Descente

Descente Running wear

- Tightness, compression, activity

- Compression pattern are enveloping the muscles, reduce
musclefatigue, increases bloodcirculation

- polyester 84%, polyurethane 16%

- Price: Top(70~1208%), pants(50~808$)

https://global.rakuten.com/en/store/apworld/item/dat-7616p/

4
\
5 Compressport ]

https://www.compressport.com/eshop/en/home/78-trail-

running-shirt-v2-short-sleeve.html

Trail running jersey
- ON / OFF MULTIFORT FIRST LAYER SHIRT

- "Spin Control" Posture Alignment

- Seamless & Ultra Light Design

- polyester 70%, polyamide 22%, elastane 8%
- Price: Top(50~1003), pants(100~120%)

6 Enerskin

http://byrobot.gobizkorea.com/catalog/

Silicone taping technique
- Kinesio Taping + Sport Taping
- Sports, rehabilitation
- Compression shorts improve blood circulation, reduce fatigue
- GASTEX
polyeaser fiber+rayon fiber 75%, Xtra Life LYCRA fiber 25%
- Price:Top(200~4008), pants(120~2503)

product_view.jsp?blogld=17sports&listStyle=L.&objld=1173

050

Nike, Adidas, Enerskin, Scelido 5

YA 2H| o] (Kinesio taping) 71HE @%‘8}&] 5 A FE
S5 gutsle 25 @skel e
Algsk 972 g)Ho] o]FoX == AAETE Under Armour,
Descente, Skins, Black yak 5¢] Bt A9z oA

X gp} 716 Hgsle] Folow AVY AaTFo| WY
S S QAFTS JOR Blof YA AW W20 A

3} tH(Table 2).
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TS 3= 7154 A8 ON/OFF Multlforte gl 25
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Table 3. Evaluation items and methods of fitness compression wear

58 QYL PP TENL Spple] AFEA B EHEY A 34T

Item Author Clothing

Method & result

- 60m short running, jump

Compression wear

Doan et al.(2003) Joose fit wear

- Skin Tem. & jump height increase

- Increased knee torque

Compression wear

Born et al.(2014) Joose fit wear

- 30m repeat running
- Increased exercise performance

Mobility - Improve muscle activity
movement Compression suit Cast, repeat running
Duffield et al.(2010) P - Skin Tem. increase, Muscle pain reduction
loose fit wear .
- Recovery after exercise
- Wingate anaerobic test, blood test, EMG
Koo(2011) Compression wear - Increased mean power, EMG reduced
- Improved flexor function
- Measuring clothing during cycling
MacRae et al.(2012) Cycling wear - No cardiovascular function & temperature control effect
- Increased skin temperature
- Survey characteristics of preferred legguards
Lee et al(2015a) Compression - 3D pattern design with optimum stretch ratio
’ wear (Top) - Arm part 22.2~23.4mmHg, abdomen 10.4~11.8mmHg appropriate apparel pressure
Human - Application of material tension property
physiology - Blood flow, clothing pressure
. Compression - Increased blood flow pressure
Kim(2016) . . .
wear (Top) - Chest, abdomen, lumbar, upper arm, lower arm in order to increase clothing pressure

- Application of material tention and appropriate pattern reduction rate

- Clothing pressure and EEG measurement
Park & Chun(2013) Compression wear - EEG data can be evaluated as objective fit
- Clothing pressure(1.9kPa or less) no discomfort

Compression wear

Jeong & Hong(2010) (Top)

- Muscle shape during cycle operation
- Human curvature distribution, positioning of cutting line
- Application of material tension property

- 10 motion scan

Compression

Kim et al.(2012) sport wear(Top)

- Split the body into 42 parts
- Analysis of body surface change rate

Pattern design

- Weight trainer 449 people Survey

Kim(2016) Compression overall

- Investigation of Inconveniences part & material characteristics
- Preferred design, compression area survey

- Suggest pattern design

Compression

Lee et al(2015b) wear (Pants)

- Reflected in clothing design after analysis of skin strain during knee flexion
- Application of material tension property

=9} FARHAl velstth, @A) AldE R gle PEYS gt
°ﬂ°ﬁ°ﬂ gk Burgre 2= delrt Ii oo SERRt, SOl
9EE, A=l 4“-7]7} A GFE A5, |F "o
g sl E 29, 3R] 94 —Ol ZAE AT

7154 JEY= %‘tl.‘ doje] Frb g5 2 JrF e F
2 $571%54 =99 H7KDoan et al, 2003; Bomn et al.,
2014; Duffield et al., 2010; Koo, 2011)2} <1x|A2]shy] =m
9] H7KKim, 2016; Lee et al, 2015a; MacRae et al,
2012; Park & Chun, 2013), @&l A4 =8| H7}(Jeong &
Hong, 2010; Kim et al, 2012; Kim, 2016; Lee et al.,
2015b)¢} 2A98HA SHof| st % 7k(Jeong & Hong, 2010;

Kim et al,, 2012; Kim, 2016)& 7=t} &57154 &4
L 7154 9E e A F2HS(ROM; Range of Motion)2}
T SIS VIR 57 2 VAL Bt
sidon, AR SR FJEUZ gEjolE 2 A
A FoE 9By R, R &, 9Fe, ¥ A
=4 Eﬂr— Hristnt. s #E AdA ZHS 3D scan
datas &-gale] FFASFE T4 & el A H&st
= W A9 AEES vEEle] sEs Ak W, T
s =

& el Eold e
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oM AFT E7ITAHE =
W] Hrlo] thk W8-S Table 391 FElsllon, &) ot
7 Zde] Hrt s dEE B 257154 AaAAE
a2 ZHe] A9} %%‘@9& o] FEE = d72 I
¢15]o] Table 39& =

3.2. 18X} D ELA SXIEM

32.1. 28R MEUA 23 22528

3R] FEVL Bae $% AnjAEAA Agshe v
=+ =374t @FsE 25 (A Guide from the National
Institute on Aging)Z} =17} X< 4% ELJ_ELq o= T g

2 w0l 9% A Ay sl selelgon, 1E7)e)
FEY2 5232 34 ] FEE 28 S S 54,

A48 S A 52, 48 T S Qs e E &
FECE 2 A= 7 {39 FEYUZS §2F FolA
FEAA] 2 ARgo] 7P B Flog ek HEYXA FER
T5 5 AR

o8 e 9% JEYUS TR S| 3 AlA
(flexion, extension), ©1712] 233} 217 (flexion, extension), ]

7§2] €% (abduction), 312]9] =331 414 (flexion, extension), T
29| Z3i37} 21F (flexion, extension) 522 ARIFACE 2F &
e flet FEYX TP 5 252 R s A
A, oplle] 233 AR R o) T, Aol A}
|Eom, opfe oA FRAde TS SRS AL

83li= o2 stotasin), b el 3, A4 Sl
t Bz (3192, il AgslE, PEES, A4
A R, dEo e A Aoz HokEsi
(Table 4).

% gl 01]*11_ Size Korea <8 27 2 FolA LA}
28 e 93 527 FAHo| Y& vE 3 P, FEE I
270, —.%ﬂ—t— fftl 27H == 3 Ul 53 5 ol 53] 4wl

A &, 1 3ol thgt 7401111
wX](180°, 90°) FEE ¥, gElv T2 MAAdA 2 FEA|
(180°, 90°) €8l& ¥, = g QAN F& 9 10em
Folo} FEZoIIA] Ex ol tigt el 29 S 9
o B xR 28 5L dotslr] S8 e A
o] AFH W, AFTAFE TAEATH(Table 5). T4

Table 4. Fitness motion for improving muscle strength and major motion muscles

Elbow
flexion/extension

Shoulder
flexion/extension

Shoulder
abduction

Major muscle Triceps Biceps brachil

Anterior deltoid Medial deltoid Trapezius

Image

Motion

Flexion Flexion !

= @
Abduction "

Flexion

Waist
flexion/extension

Leg
flexion/extension

Major muscle Rectus abdominus Erectorspinae

Gluteus maximus Rectus Femoris Biceps femoris

Image

t’) xtension

=

Motion

Flexion
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Table 5. Comparison of pushing, pressing, raising, lifting maximum muscle strength by age (Unit: N)
20-29y 30~39y 40~49y 50~59y 60~69y Difference
n=94 n=76 n=72 n=72 n=72 value

Force Location Motion Direction ( ) ¢ J ¢ J ¢ J L ) High
1ghest
M SO M SO M SD M SD M value.60.6%
. g Right 2504 53.1 2857 396 2763 672 2532 504 2393 56.1 46.4
€| 1t
€ Left 2458 587 2739 575 2666 617 2457 506 236.1 537 37.8
o Right 350 62 399 88 414 77 408 73 390 78 24
Sit_right Left 331 74 377 89 395 85 394 80 374 70 2.1
Pushing 180" peak
b Both 439 85 485 113 491 93 489 99 475 104 16
ow
. Right 336 81 377 93 416 93 407 86 376 63 4
Sit_left Left 352 71 402 80 417 76 405 71 399 78 18
180" peak
Both 453 99 497 108 517 101 506 90 489 102 28
Right 652 123 745 135 823 128 817 144 781 136 42
Stand Left 610 114 684 128 766 121 765 122 746 123 2
180" peak
Both 1040 220 1141 239 1226 224 1223 182 1140 228 8.6
Pressing Elbow
Right 777 136 810 146 890 127 887 132 849 149 41
Stand Left 735 125 750 137 844 117 841 121 83 134 21
90" peak
Both 1266 233 1404 279 1445 246 1442 228 1348 266 9.7
Right 370 79 431 96 456 7.1 455 92 423 107 33
Stand Left 341 70 404 87 431 69 431 92 405 97 26
180" peak
Both 643 125 797 182 854 183 89 212 756 174 9.8
Raising Elbow
Right 818 192 898 183 965 164 949 176 871 174 9.4
Stand Left 762 182 853 174 921 158 91.1 17.1 851 168 7
90" peak
Both 1419 346 1418 206 1510 280 1507 254 1453 32.0 5.7
Stand knee 0 3087 886 3030 742 2858 78.0 2800 700 2745 816 342
. . abovelOcm peak
Lifting Waist Snd T
tanc foree (it 3345 952 3210 736 3036 789 2922 732 2852 860 493

knee peak
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Fig. 1. Leg & Waist strength comparison(maxium vs. 60~69y).
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Fig. 2. Elbow strength comparison(maxium vs. 60~69y).
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