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Influence of Clothing Pressure on Blood Flow and Subjective Sensibility
of Commercial Sports Compression Wear

Nam Yim Kim" and Hyojeong Lee'

D Research Institute of Human Ecology, Chungnam National University, Daejeon, Korea
Dept. of Fashion Design & Merchandising, Kongju National University, Gongju, Korea

Abstract: Compression wear provides clothing pressure and affects how blood flows. Facilitating a blood flow is one of
the most important functions of compression wear. The wearer’s sensibility should be considered when designing com-
pression wear. This study instructed participants to put on 5 types of sport compression wear with different pressure lev-
els (CP-1 to CP-5), measured clothing pressure, blood flow level, blood flow rate, and surface temperature, and examined
the pressure level that influenced blood flow through a subjective sensibility assessment. An experiment measured the
clothing pressure of compression wear available in the market and found that the pressure ranged 0.6-1.1 kPa for the
ankle, 0.7-2.3 kPa for the calf, and 0.9-1.9 kPa for the thigh. Meanwhile, blood flow levels and rates significantly increased
when participants wore CP-1, which had the highest clothing pressure level, and CP-2 and CP-4 with middle-level pres-
sure. After exercise, CP-2’s surface temperature was the highest and revealed that wearing CP-2 facilitated blood flow.
CP-2 was evaluated as most positive in the sensibility assessment and showed a clothing pressure of 0.67-1.82 kPa; its
pressure for the calf did not surpass 2.0 kPa. Considering positive physical effect of compression wear on blood flow and
subjective psychological effect on participants, CP-2 (0.67-1.82 kPa) would have the most suitable clothing pressure level

among other types of the wear in this study.

Key words: clothing pressure (2]5-9}), sports compression wear (=X 2 724 ¢9]), blood flow (27 %), blood
velocity (8F% %), surface temperature ((EH-212), subjective sensibility test (78 71)
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Table 1. Characteristics of subjects for the study
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Subjects Height (cm) Weight (kg)  Waist C. (cm) Hip C. (cm) Thigh C. (cm) Knee C. (cm) Ankle C. (cm)

Subject 1 174 81.5 85 98 57 41 23

Subject 2 175 76.5 83 96 56 38 23

Subject 3 176 79.5 84 97 55 39 22

Subject 4 173 72.5 32 95 56 39 21

Subject 5 175 76.8 83 94 53 38 22

Subject 6 174 74.6 82 96 54 37 23

Subject 7 173 74.3 32 95 53 38 23

Subject 8 174 73.4 81 95 54 39 22

Subject 9 175 75.2 82 96 55 38 23

Subject 10 174 75.3 83 95 55 37 22
Subjects M 174.3 76.0 82.3 95.7 54.8 384 224
in this study (SD) (.90) (2.61) (0.97) (1.10) (1.25) (1.11) (0.66)
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Table 2. Five commercial compression pants used in the study
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Rest time in the laboratory for 15min

lBody temperature measurement

Is your body No
TEmpEraturs; m —> Absence of experiment
the normal
range?
l Yes

Blood flow measurement
(for 15min)

lRest time for 10min

Clothing pressure measurement
(standing & sitting postures)

}

Subjective evaluation before movement
(perceived clothing pressure, ease of movement,
wearing comfort, muscle support, exercise fitness)

l During exercise

Subjective evaluation following movement
(Perceive evaluation of the same items as before movement)

l

Surface temperature measurement
(anterior, posterior)

Fig. 1. Experimental protocol.
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CP-1 CP-2

CP-3 CP-5

Images
Polyester
Contents Polyurethane Nylon Microfiber 76%
Nylon Cotton Others Spandex 24%
(missing content rate)
Thickness
. 0.41 0.86
of ground fabric (mm)
Brand 100M (Skima) A400 (Skins)

Design characteristics Local 2-layer -

Nylon 75%
Polyurethane 25%

Polyester 74%
Spandex 26%

Polyester 80%
Polyurethane 20%

0.54 0.62 0.51

Techfit (Adidas)
Taping Taping

DRI-FIT (Nike) Smart fit (Prospecs)

Heterogeneous fabrics
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~ @ Point measuring clothing pressure
P1: Lateral ankle

P2: Posterior calf

P3: Anterior thigh
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Fig. 3. Location of analysing surface temperature while wearing
compression wear.
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Table 3. Paired #-test of clothing pressure between sitting on the chair and static posture when wearing five types of compression wears

Experimental Static posture(A)

Sitting posture(B)

Paired #-test

clothing Area M(SD) M(SD) MB-A) ; »

Ankle 1.14(31) 1.16(.29) 0.02 3.187 009%*

CP-1 Calf 2.32(45) 2.17(.54) ~0.15 9918 000%**
Thigh 1.89(.24) 1.97(31) 0.08 4,032 002%*
Ankle 0.67(21) 0.63(.18) ~0.04 71859 090

CP-2 Calf 1.82(27) 227(21) 028 17220 000%*
Thigh 1.21(.18) 1.38(24) 0.17 6.581 000%*
Ankle 0.73(.09) 0.71(.15) ~0.02 20713 491

CP-3 Calf 2.18(24) 227(21) ~1.08 14888 000+
Thigh 1.02(.13) 1L.11(.17) 0.09 7.955 000%%*
Ankle 0.57(.04) 0.49(.07) ~0.08 ~6.233 000%**

CP-4 Calf 229(21) 2.28(.18) ~0.01 ~1.000 339
Thigh 0.97(.19) 1.20(.11) 0.23 5.682 000%+
Ankle 0.00(.00) 0.00(.00)

CP-5 Calf 0.73(.06) 0.87(.09) 0.14 5.029 000+
Thigh 0.92(.15) 0.81(.19) ~0.10 -3.705 003%*

< 01, *#%5p< 000

AAANA gk AR T Fole] SR = 250]
FEHEHA Rt BAs] iz tiFZ o)E<te] Skt
Ao F Holw, W] 749 M) Wil 1Ao] st
7F A 9 F-glol7] wiiel| 5Es S ATl YA
%o Zlom Helth Tt gk AAolA CP-1 FolE]e] ¢
Hot 0.15kPa 74y, CP-5& 3HA] 289t 0.11kPa 74313
=, ole F oF B Hwd gk AdE pAaEglen, 2
Aol AFFo] AITAFS FE3I%7] Wit Fole, FE,
S Fo] GEhe ATl HAR] WS FAISH X

32. 8§

ofujg o] AZGA flof7) opd B2 H o] 2§ Al
o] "R/e] A 5T HEYA s 28 Ao /el 7
g5 RIE] 2 Ay, 7= I FelE eS| d/RF =
97k 24.48(SD=3.16)ml/s, D7 Z78%% 1.82(SD=0.26)mny/
S22 A7 AEE T 98

2to] 7P we Cp-59f A5

32.1. 8F%

5% Az g S o FF Wske Table 49
72t} CP-55 23S ) 2535mlsE 7P e SRS B
AL, CP-32 25.58ml/s0|3L AREAS oA ab 1722 1%
ATk ol2H 5% H=HA dlo] 2 Al AdUiFez Cp-sy
T} oJEgto] =2 CPp-1, CP-2, CP-47} AHHS Z7MA)7)=T
71dehs ZAoE RIS

Table 4. Change of blood flow when wearing 5 types of compression

wears
Blood flow(ml/s)
M(SD) F p
CP-1 30.92(4.63)°
CP-2 30.74(4.71)°
CP-3 28.58(3.46)" 3361 017*
CP-4 30.15(4.48)°
CP-5 25.35(2.68)"

*p<.05, Duncan’s multiple range test: a<b

Table 5. Change of blood velocity when wearing 5 types of compression

‘wears
Blood velocity (mm/s)
M(SD) F p
CP-1 2.01(0.33)°
CP-2 2.36(0.61)°
CP-3 2.00(0.52)® 3.125 .026%
CP-4 2.10(0.30)°
CP-5 1.99(0.18)*

*p<.05, Duncan’s multiple range test: a<b
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Table 6. Surface temperature of three areas in wearing 5 types of compression wears (Unit:°C)
CP-1 CP-2 CP-3 CP-4 CP-5 F P
N S S g
b b a a
ca 0% 04 0 0 0 A o
Thigh 3@; ig;’ 3(3);; ig;’ ig; 10920 000w+

***p<.000, Duncan’s multiple range test: a<b<c
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Table 7. Analysis of correlation among objective measurement variables

Correlation coefficient

Blood reaction Surface temperature Clothing pressure
Static posture Sitting posture
Blood = Blood =\ \le  Calf  Thigh P =P
flow  velocity Ankle Calf Thigh  Ankle Calf Thigh
Blood flow
Blood 010
reaction i o
1 Blood velocity (=944)
248 321%*
Ankle (=083 (p=.023)
Surface Calf 175 306%  .640%*
temperature (»=223) (p=.031) (p=.000)
. 284* 213 TA4EE - 6T3**
Thigh ~ - B B
(p=.045) (p=.138) (p=.000) (p=.000)
Ankl 359%  342%  717** 642%*  618%*
e p=011) (p=015) (p=.000) (p=000) (p=.000)
Static Calf 392%* 186 608**  418%*  527**  B20**
posture a (p=.005) (p=.197) (p=-000) (»p=-003) (p=-000) (p=.000)
Thigh 362%* 207 S51%% 0 399%*  413%*%  TO8**  632%**
Clothing (P=.010) (p=149) (p=000) (p=.004) (p=.003) (p=000) (p=000)
pressure Ankle 345%* 312%  674%%  5QT** 624%*  935%x Rk 783k
(p=014) (p=027) (p=000) (p=-000) (p=000) (p=000) (p=000) (p=.000)
Sitting Calf .338* 215 STIH* 397 502%%  RO2*F  9TI*k 597k B19**
posture (p=.016) (p=.133) (p=000) (p=.004) (p=000) (p=000) (p=.000) (p=.000) (p=.000)
Thigh .350%* 319%  675%F  480**F  525%k  792%k  646%*  34¥*  B43**  647H*

(p=013) (p=024) (p=.000) (p=.000) (p=000) (p=.000) (p=.000) (p=.000) (p=000) (p=.000)

Table 8. Paired rtest of perceived clothing pressure in wearing experimental wears

Experimental Be1.°ore Dufing Paired #-test
clothing Area exercise(A) exercise(B) MB-A) , »
M(SD) M(SD)

Ankle 3.5(0.9) 3.4(0.9) —-.100 -.557 591

Cp-1 Calf 4.4(1.1) 4.3(0.8) —-.100 -.361 726
Thigh 3.9(0.8) 4.2(1.0) .300 1.406 .193
Whole 3.9(1.1) 4.3(0.8) 400 1.177 269
Ankle 3.9(1.2) 45(1.2) .600 3.674 .005%*

P2 Calf 4.8(0.9) 5.5(0.8) .700 3.280 .010%**
Thigh 4.5(0.7) 5.1(0.8) .600 2.250 .051
Whole 4.9(0.8) 5.4(0.8) .500 2.236 .052
Ankle 3.6(1.6) 3.8(1.4) .200 1.500 .168

CP-3 Calf 4.2(0.9) 4.8(0.9) .600 3.674 .005%**
Thigh 3.6(1.1) 3.5(1.4) —-.100 -429 678
Whole 4.1(1.0) 3.8(1.0) -.300 -1.406 .193
Ankle 2.7(1.3) 2.4(1.1) -.200 -1.500 .168

CP4 Calf 5.1(0.7) 5.6(0.5) .500 2.236 .052
Thigh 4.2(0.9) 5.0(0.8) .900 3.857 .004**
Whole 4.6(2.4) 5.0(0.6) 400 1.500 .168
Ankle 1.4(0.5) 1.3(0.5) —-.100 -1.000 343

CP5 Calf 2.3(0.7) 3.2(0.7) .800 6.000 .000%**
Thigh 2.2(0.6) 2.8(1.2) .600 2.250 .051
Whole 2.2(0.6) 2.8(0.9) .600 2.714 .024*

<05, *p<01, **¥5<000
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Table 9. Evaluation of perceived feeling during exercise when wearing five types of compression

Experimental wears

CP-1 CP-2 CP3 CP-4 CP-5 F P

Ease of movement  4.6(0.8)° 5.9(0.8)° 37(11Y 5.5(0.5)° 5.8(0.4)° 13.347 000

Comfort 3.8(0.6)" 5.7(0.5)° 41(1.1)° 5.6(0.5) 53(0.8)° 14.064 L000%**
Muscle support 5.4(0.7)® 5.9(0.6)° 5.100.7)° 5.6(0.5)™ 2.8(0.6)° 38.151 0005
Exercise fitness 3.3(0.6) 6.1(0.7)° 4.9(0.7)° 5.9(0.6)° 2.6(0.5)" 59.906 000
***p<.000, Duncan’s multiple range test: a<b<c<d
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