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ABSTRACT

The purpose of the study is to reveal the effects of clothing pressure on blood circulation in healthy mid-
dle-aged women. FEleven women aged 50-69 participated in this study as subjects. From a literature review,
the most commonly used clothing pressure values for the ankle, calf, and thigh areas were selected for use
in this study. The experimental garments were calf and thigh sleeves, which were used to compress both the
calf and thigh simultaneously. Participants sat on a chair for blood flow measurement and performed a sub-
Jective emotional evaluation while resting. The clothing pressure was set at 2.00-2.50 kPa (ankle and calf)
and 1.00-1.50 kPa (thigh). Blood flow was 24.31 ml/s in the control group, 26.77 ml/s in the thigh sleeve
group, 27.84 ml/s in the calf and thigh sleeve group, and 30.47 ml/s in the calf sleeve group, showing a sig-
nificant increase in blood flow from wearing calf sleeves. Blood velocity also showed a similar trend, with a
significant change due to calf sleeves (2.48 mmy/s). Calf sleeves with pressure of 2.44 kPa and 2.28 kPa on
both the ankles and calves have been shown to promote blood flow and may help prevent venous disease
of the legs as well as reduce swelling and fatigue caused by circulatory disorders. Subjective evaluation of the
compression shows that the ankle has the highest compression rating and calf compression 1s preferred be-

cause of its excellent muscle support.

Key words: blood flow(& %), blood velocity(8F < 5), calf and thigh sleeves(ZE0}2] ¥ A 7145,

clothing pressure(2]&-%}), compression therapy($8t 2%), middle-aged women(Fd 1 4J)
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Parameters Symbol Explanation
A i 1 Mall 4
(Cir. A) ateral Malleous 4 em up
B If Ci fe
(Cir. B) Calf Circumference
¢ i 1 Mall 6 cm ds
(Cir. ) ateral Malleous 6 em down
Circumference =
(Cir. D) Lateral Malleous 5 cm up
E Midthigh Circumf
(Cir. E) thigh Circumference
F Gluteal Fold 5
(Cir. F) luteal Fol cm
o I form A to C (Calf sl
(TLen.G) ength form A to C (Calf sleeve area)
Length =
(Len. H) Length form D to F (Thigh sleeve area)

{Fig. 1> Parameters to Measure the Lower Body

(Table 1) Statistics of Subjects’ Measurements for the Study

(unit: cm)
) Circumference Length
Measurement items
A B © D E F G H
20.5 315 33.0 38.1 425 49.0 22.0 19.0
Mean(S.D.) (0.8) (1.0) (2.5) (2.3) (2.9) (2.5) (11) (1.0)
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(Table 2> Clothing Pressure Levels for Medical Compression Products by Country

(unit: mmHg)
Pressure levels
Country 1 2 3 4 5
(Light) (Mild) (Moderate) (Strong) (Very strong)
USA/Japan 15~20 20~30 30~40 40< -
UK 14~17 18~24 25~35 - -
France 10~15 15~20 20~ 36 36< -
Germany 18~21 23~32 24~46 49¢
CEN 10~14 15~21 23~32 34~46 49<
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(Table 3> Pressure Distribution Ration in the Calf and Thigh Areas Based on Clothing Pressure in Ankle Provided by

CEN
Pressure ration in % of pressure in ankle®
Ankle(mmHg) 10~14 15~21 23~32 34~46 49<
Calf(%) 80 80 70 70 70
Mid-thigh(%) 60 50 40 40 40

* Liu et al, 2017 (cited from RAL-GZ 387/1: 2008)
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(a) Calf sleeve pattern
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Fig. 2> Experimental Compression Sleeves Patterns
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(b) Clothing pressure measuring points

{Fig. 3> Clothing Pressure Adjustment Method and Clothing Pressure Measurement Location
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(a) Calf sleeve

(b) Thigh sleeve
{Fig. 4> Combination of Experimental Compression Sleeves
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{Table 4> Effective Clothing Pressure for Hemodynamic Variables in Lower Body (Ankles, Calves and Thighs) Investigated in Literature Studies

Type of Range of clothing pressure
No. Authors compression suggested (mmHg) Effects of clothing pressure
wear Ankle Calf Thigh
1 Sugisawa et al. (2016) Calf sleeve | 18.0~29.0 : 15.0~20.0 - Relief of prevalence of leg oedema and muscle cramp
2 Dissemond et al. (2016) Calf sleeve i 21.0~350 @ 18.0~25.0 - Venous leg ulcers
3 Lattimer, Kalodiki, Azzam, & Geroulakos (2016) Calf sleeve = 23.0~320 = 140~22.0 - Venous volume and reflux rate in patients with
varicose veins
4 Riebe, Konschake, Haase, & Juenger (2015) Calf sleeve 18.0, 27.0 25.0, 21.0 Increase of ejection fraction venous refilling
Miyamoto & Kawakami (2015) Calf sleeve 27.0 21.0 - Reduction of muscle fatigue
Clarke Moloney et al. (2014) Calf sleeve | 23.0~32.0 16.0~22.0 - Reduction of ulcer recurrence
7 Mosti & Partsch (2014) Calf sleeve 18.0 27.0 Blection fraction. chfrforif fizlrilr’:;ng and subjective
Hwang, Song, & Kim (2014) Calf sleeve i 20.0~30.0 | 16.0~21.0 - Reduction of oedema
9 Lim, Song, Oh, & Lee (2012) Calf sleeve i 15.0~20.0 @ 12.0~16.0 - Relief of oedema, Reduction of muscle fatigue
10 Schul & Erdman (2011) Thigh sleeve: 20.0~30.0 | 16.0~21.0 i 10.0~12.0 ;| Relief of aching and pain, Leg cramps, Restlessness
11 Charles et al. (2011) Calf sleeve | 16.0~21.0 | 13.0~17.0 Increase of blood flow
12 Jonker, De Boer, Ader, & Bezemer (2001) Calf sleeve | 12.0~18.0 : 11.0~14.0 Reduction of swelling
13 Blattler et al. (2008) Calf sleeve | 15.0~20.0 | 12.0~16.0 - Reduction of oedema
14 Liu et al. (2008) Thigh sleevei 18.0~21.0 15.0~17.0 6.0~7.0 Relief of aching, Reduction of swelling
15 Faneli et al. (2008) Thigh sleeve 40.0 18.0 12.0 Increase of cardiac output
16 Zhou et al. (2008) Calf sleeve 20.0 20.0 - Increase of blood velocity
17 Jamieson, Calderwood, & Greer (2007) Calf sleeve 18.0 14.0 - Increase of blood velocity
18 Nelson et al. (2006) Calf sleeve | 25.0~35.0 | 18.0~25.0 - Reduction of recurrence
19 Tan, Lockhart, Smith, & Burnand (2006) Thigh sleeve: 12.0~22.0 9.0~20.0 5.0~10.0 Increase of blood velocity
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{Table 4> Continued

Type of Range of clothing pressure
No. Authors compression suggested (mmHg) Effects of clothing pressure
wear Ankle Calf Thigh
go | ReichSchupke. Feldhaus, Altmeyer. Mumme. py oo goove 930~300  160~220  9.0~120 Reduction of oedema. Symptoms relief
& Stucker (2014)
21 Partsch, Winiger, & Lun (2004) Calf sleeve 11'(;'1})8'0’ 9'0i7%§'0' - Reduction of oedema
22 Ibegbuna, Delis, Nicolaides, & Aina (2003) Calf sleeve 21.0 15.0 12.0 Reduction of oedema
23 Benigni, Sadoun, Allaert, & Vin (2003) Calf sleeve | 10.0~15.0 8.0~12.0 - Reduction of oedema
24 Blattler & Partsch (2003) Thigh sleeve 30.00 21.0 12.0 Symptoms relief in patient with venous thrombosis
25 Hirai, Iwata, & Hayakawa (2002) Calf sleeve 30.3%;04’00 21.(1)6102'8'0 - Reduction of oedema
26 Jonker et al. (2001) Calf sleeve 14.0, 18.0 11.0, 14.0 - Reduction of swelling
27 Silleran-Chassany & Safran (2000) Calf sleeve | 15.0~20.0 12.0~16.0 - Relief of symptoms
28 Kraemer et al. (2000) Calf sleeve 154 8.4 8.6 Reduction of creatine kinase concentration
29 Buhs, Bendick, & Glover (1999) Calf sleeve | 20.0~30.0 16.0~21.0 - Reduction of swelling and aching
30 Ibegbuna, Delis, & Nicolaides (1997) Thigh sleeve: 10.0, 4.0 8.0, 11.0 6.0, 8.0 Reduction of oedema, Ejection fraction
31 Brandjes et al. (1997) Calf sleeve 40.0 21.0 - Prevention of thrombosis progressive
32 Sparrow, Hardy, & Fentem (1995) Thigh sleeve 16.8 145 6.4 Prevention of deep vein thrombosis
33 i Mayberry, Moneta, De Frang, & Porter (1991) | Thigh sleeve 25.0 19.0 11.0 Increase of venous blood velocity
34 Pierson et al. (1983) Calf sleeve 24.0 17.0 - Reduction of lymphoedema
35 Lawrence & Kakkar (1980) Thigh sleeve 18.0 14.0 10.0 Increase of venous blood flow
36 | Sigel, Edelstein, Savitch, Hasty, & Felix (1975) | Thigh sleeve 14.0 11.0 8.0 Increase of venous blood flow
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{Fig. 5 Results of Literature Survey on Clothing Pressure Range Affecting Blood Flow While Compressing the Ankle,
Calf and Thigh Areas
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<Table 509 7ol 4, o& ¢
= 2.00~250 kPa(15.00~18.75 mmHg) HE
157H4 Aol At 7P VR ERA,
2.50~3.00 kPa(18.75~22.50 mmHg) ®$I17F 1371
25 AR MR 52 Ao8 AT Fot
]—:q oﬂoﬂoﬂk]sq X—LQ_ g]iol- Z]EH ul:/“‘— BLEJ/]_
£U87 200~250 kPa(15.00~18.75 mmHg) HF
2 YEltZ 150~2.00 kPa(11.25~15.00 mmHg) 3
2.50~3.80 kPa(18.75~2850 mmHg)°] 3&2E F
HA R Eokrh SHA 92 1.00~1.50 kPa(7.50
~11.25 mmHg)e] 7FF RMIHP T 050~1.00 kPa
(3.75~7.50 mmHg) 3} 1.50~2.00 kPa(11.25~15.00
mmHg) W= F HAZ W=7t E9kth whebA
oq:rLe s = Fote] Ao ALY JESt
HAAZ FHYHIEE HQ 200~250 kPa(15.00~
1875 mmHg) = AAsA=H, oA 59 95
& e TEe ALY 9 =9 15F FFEelL
Zek2ok CEN9 25w 59 49 A= a3
&t} (Berszakiewicz, Sierofi, Krasifiski, Cholewka,
& Stanek, 2020). °l& =7tllA A3 7t AlF

ﬁ
lo,
ez
o2
o rE
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o Y pEE BERY Fohe, SMAZ 44
A $8ol3 CEN 253e

2
A% 4RE Azoz ¢ W ot %ol
80

l-?_
ZHEI A 22X AYE 909 2F8HE 7
AFe e FEx fA FTE B

{Table 5> Frequency of Clothing Pressure Implemented for Lower Body in the Literature Review and the Selected

Clothing Pressure Range for the Study

Clothing pressure range No. of the relevant researches clothing preljsiiies;fec ted (kPa)
mmHg (kPa) Ankle Calf Thigh Ankle Calf Thigh
0.00~3.75 (0.0~0.5) - - -
3.50~7.50 (0.5~1.0) - - 5
7.50~11.25 (1.0~1.5) 3 8 8
11.25~15.00  (1.5~2.0) 8 14 5
15.00~18.75  (2.0~2.5) 15 20 -
18.75~2250  (25~3.0) 13 14 - 2.00~2.50 2.00~2.50 1.00~1.50
2250~2625  (3.0~35) 7 3 -
26.25~30.00  (3.5~4.0) 7 -
30.00~33.75  (4.0~45) 8 - -
33.75~3750  (4.5~5.0) 3 - -
3750~4125  (5.0~55) 3 - -
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(Table 6 Clothing Pressure Measurement Values According to Lower Body Areas

(unit: kPa)
i Location of measuring clothing pressure
Subjects -
Ankle area (P1) Calf area (P2) Thigh area (P3)
Sub 1 2.32 212 1.23
Sub 2 243 2.34 1.42
Sub 3 2,51 212 1.34
Sub 4 243 2.53 1.52
Sub 5 2.54 2.32 1.54
Sub 6 2.32 2.14 143
Sub 7 2.41 2.33 1.32
Sub 8 2.34 2.52 1.54
Sub 9 2,51 2.14 1.52
Sub 10 2.54 213 1.43
Sub 11 2.42 242 1.31
Sub 12 2.50 2.24 1.24
Mean 2.44 2.28 1.40
(SD.) 08 15 11
3. 8F/ 2 AY dxzel v& 7% daae S7heke
o A%E Bt 28y paq;q 7HkE 3 Fobe] 7h
D w3 QPUASNA SRS AFAZAN A (ab) A
43 =000 kPa)# 7hbEE #HEWS EZ EAA §oE= 9= AoZ et uid
Hel @F 54E Tol ERY WMAE TAAAL o) Foly AYBe FRTL 3047 ml/sE 0]
A= (Table D3 2ok dRdFs 43 dzs 3 rxom Zrlsle= 719_; AZH9y dge
S 838 0 2431 ml/s2 7P} W SHAE A@aA = go)] Tgo] HE Aoz Yeyt
HAL, A 7hgs e W, 2622 ml/s, &
obg] 7kt + A ke HEd W 26.22 9) REE
ml/s, Fotel 7HE FE&d o, 3047 ml/s =2

YREE FB0) Y@ FHA}E (Table )0

{Table 7> Statistics and Change Rates of Blood Flow Measurements when Wearing 4 Types of Experiments

Blood flow (ml/s/100g)

Experiments
Mean(S.D) Change(%) F J2)
Control 24.31%(4.62) -
Calf sleeve 30.47°(5.69) 25.3
. ) 3771 017*
Thigh sleeve 26.22%°(3.47) 79
Calf sleeve + Thigh sleeve 27.84%(5,02) 145

*<.05, Duncan’s multiple range test: a¢b
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{Table 8> Statistics and Change Rates of Blood Velocity when Wearing 4 Types of Experiments

Blood velocity (mm/s)

Experiments

Mean(S.D) Change(%) F D
Control 1.93*(.37)
Calf sleeve 2.48°(.61) 28.5 ,
3213 032%
Thigh sleeve 2.12%°( 41) 9.8
Calf sleeve + Thigh sleeve 2.24%°(.38) 16.1

*<.05, Duncan’s multiple range test: a¢b
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FTEE 5—0}?/] 7FHES Al Aetal 2§ Ao vl
28 Fo] FI fFoms FELE FUHHY
Byt J—. BE A ot ol
o] EQtE 13.00~17.00 mmHg(1.73~2.67 kPa)ol
HGenz B AoA AAEE &L W
TgEn B Aprdzes dXst = g2
AFZ Zhou et al(2008) &3 Folf] 99
o 20.00 mmHg(2.67 kPa) 59 %48& 7ty
F s A%l F 54 99 ZFoA
A¥ gz BHo dR7F S4e A0® YEbs
o g R/ S fEiM e TSI AR Y E
7hteEol o Sa3 WMozt & 4 g Ao

SH(Liu et al, 2008). Wou, Willilams, & Davies
(2015)% AR A Dok A OAOE o
= 7]& ¥ 2%59(18.00~24.00 mmHg/ 240~

A% g=oZ Hrtek A#E (Table 9ol A A
. g9 (2.44 kPa/ 18.30 mmHg) 2 <+t
A7 W olyg Fe HA7D FEA 7}

)
T
s

g, 95 18.00 mmHg
o) mmHg(1.06 kPa)olA] %
v S7HloY F3A bzt HobellA W
% o] Anty FAAOR HIHE Ao
AT Aot dAEITE Wl Gianesini
et al.(2020)¢] =(SAF B)elA 19.005.00
mmHg(2.53£0.67 kPa)e} &EHT} 5cm $ A A

[e)

o, olgst A= MFATF Sigel et al.(1975)
] =

3

|

320 kPa) 7hh AE HEo] Fold 2o d (54F BN 1600:500 mmHg(213+0,67
FE F9L Ao A AT g kPa)e] gtdoZ slotet AFE e A Bzt
T el W A FS FoL BIs o] Qitty Hysle] B 7o Axdx 9=
Atk oY ALAFHEL A FAHE AP A7E Btk wEbA] AR "ee ZgE 9
#EE Mgty EF WHIE AFE 2 AT Bt tigh FaA 2g3k2 ZEate] et e
A7g FRASI e FEY AR gFdr EHE gvrE At dEhg Fodo] #FE o
7Fe BEoh AgsiAl AeYste Aol Fasit g
4 FaE gdEt W, WEF fAR SEOZ 71H2.28 kPa/ 1710
mmHg) gt Fotg] J92 H7HgE 25 63 ©]
SOIEl VIS G A RS T A IA g gaz w447 2 A9
j;_;_] ;;“;;lj]“; N jji}gﬂ ;] o b 5T AOE dehie, A4 g
T BE HrdEoA 53 o2 HEUR) FF
A2 7HgES ALY W, A dgdAM F oz Hagte] £& Aoz MAHAL o4
{Table 95 Evaluation of Perceived Feeling when Wearing 2 Types of Experimental Sleeves
Mean(S.D.)
Lo Calf sleeve ~ Thigh sleeve P )
Ankle Calf Thigh

Perceived clothing pressure 3.2%(.90) 6.18°(.50) 5.9°(.50) 43577 0007 #*

Support 3.3%(50) 6.45°(.50) 5.7°(.50) 72.100 000%**

Comfort 3.12(.70) 6.55°(.50) 5.7°(.90) 40,507 000%**

% (000, Duncan’s multiple range test: a<b{c
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Ase ngth olEA AF Al £go] H:
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