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blood circulation through flexible heating surface and gradual compression
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Abstract

Blood circulation is one of the most important life support functions of our body. It is
essential to maintain healthy blood circulation as problems with blood circulation can lead
to numerous diseases and serious complications. This study developed women's leggings
with gradual compression and soft surface heating functions to improve blood circulation,
and evaluated their performance and wearability. A silicon print pattern was developed to
provide gradual compression, and a flexible heating surface coated with MWCNT
(multi-walled carbon nanotube) conductive ink was fabricated for comfort and thermal
effect. For the design, incision lines and materials were applied in consideration of
aesthetic aspects, and design lines and colors were altered using a 3D program. The
developed leggings showed that blood circulation can be improved when gradual
compression and heating functions are simultaneously applied. Results were confirmed
through measurements of clothing pressure, blood flow, and surface temperature. In the
subjective wearability evaluation, it was confirmed that wearers felt gradual pressure, and
they showed high satisfaction with wearability and design.

Key Words: Blood circulation(89<=3}), Compression leggings(A=Z#A d7d2), Flexible heating
surface(Fr AL H), Clothing pressure(2E$}), Blood flow(dHF3)
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@ Lab coat measuring point

P1: Front of thigh
P2: Back of calf

P3: Qutside ankle
Blood flow: big toe
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Zolg] = -
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kv > KeN
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(B 6) H@H ZF Flow CHSH X{0
(n=3)
SA22F (ml/min)
HZA EFRI =Te t
124 Bt v D P
A Non pattern 1.07 1.07 11.692 0.000**
Compression pattern 0.97 0.52 22,127 0.000***
B Non pattern 1.57 1.04 17.744 0.000***
Compression pattern 1.43 0.86 23.965 0.000%**
C Non pattern 3.48 3.89 10.503 0.000**
Compression pattern 2.52 0.87 33.794 0,000%**

*p (.05, * p (.01, ™ p{.000

A B [«
(18 8) ¥R 23 2y
Mon Heating - Heating Blood flow({m|/min)
45
4
35 )
s
23 e S Non Heating
2 —— Heating
15
1
05
0
6 11 16 21 26 31 36 41 46 51 56 61
Q7 9 ¥ e 0| mE HEY 2N ZY
o ole A At d7d s Aol A AL 7 Al 2ol iRk 1A A AmEy C 1Y
glom, molol whel A5 qhate] ABIAT Qg AE Ared RS AW ©) 2.52m0/minR
2 o 4 oluk B3] wEw SuA RN F bg S AR 44 Wew, A B, C WE% &
ofg] F9lo] grelo] o M JlPOR Fob T Ameld @dsE AGYS u) BRgel o
2lof Hieh w2 o= feo] AW HE Vss & 23PATHCLE 8). ol Aike A HA
A S 9k A0 melt 27} ejuero g Qls) Hu P /)5S F A
7] o mapAolehs Ae Hojgal ek
22 ¥R Wt
A A as 2H89S o ERe Hake 23 HHRLQ} S=2f Wyt
GE 69k Ar). Wi SH Ak e @
Rl Az d7se RS W goR AL A Aol G Aol W =g
gl b BRe] AolS vlw BrSIALE A T oddw A e sieh Bl wat
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(& 7) BEY W

=t 23 N Z|k ES A g BZEHEXL
sl ekt 3 3 4 3.67 0.577
GliAey ‘“H et 3 3 4 3.67 0.577
Fdo] £ urgt 3 4 4 4.00 0.000
S 5] “HA e 3 3 4 3.33 0.577
5 19l et 3 3 4 3.67 0.577
Fole] 5919 3 4 4 4.00 0.000
et OH Sakt 3 4 4 4.00 0.000
EE i ke i 3 3 4 3.33 0.577
HH HH7P & 5)ct, 3 3 4 3.33 0.577
FIol =7t At 3 3 4 3.33 0.577
Sy SR 5997} A5t 3 3 4 3.67 0.577
5 —‘:Hﬂ I 4]}t 3 2 3 2,67 0.577
Fote] 197} A5t 3 4 5 4.33 0.577
HHEHLQ7) 3 &5t 3 4 5 4.33 0.577
| 3 5 5 5.00 0.000
el 3 4 4 4,00 0.000
el g7 Aol 3 4 4 4,00 0.000
= W] mj=o] 27 fxQl 3 4 4 4.00 0.000
U sj=o] 914 3 4 5 4.33 0.577
Y5 e J= 3 4 5 4,33 0.577
5 A E Ayl 2y sje A2 3 5ml/minof| A =015} th(Park & Lee, 2018; Hong, 2017).
‘Zé_‘—?r%m] 87ml/min @ & 7rAgh Ao 8 Ept %H%‘% B wgolAE 3HA(3.33) )
I e S (19~20°0)0 4 WY sje A 5 (3.67) » Eo}e](4.000% e} Folu]o]A] 7%‘
3. 86ml/mir1°ﬂ/\1 2 33ml/min__i g meko] ZhAgh w2 9EYS W= Ao Yepytt o= &
Aoz eyt &, (19 99 AuolA Hi= H1E ARSE oEQt =4 Avtele dx|sh
AN A Eﬂ oi°ﬂ 1 e A== i Al Ekg Frof g %ﬁhﬂl e 571 9
o 2H sAjo] M Fiapo] Foju o= gk AAe] HA ol Halsh= Axfol), 2§ &
Mol dfol 558 s g Aoz o f’ﬂ&@% 2= TOOPOML e )
et (2.67%) FQrom, Fole|e} uhio|(4,33) H2]%
Ao b}EPﬁu:} e 5Belol EHgle Fotg]
3. Z2M I} o] o=t A& fsto] Folu]e] o4F, Aol
of AEH A7} e YukS ARgSl ﬂﬁi EO
A Amdy @y s g5 b OIS S FEie SEAAvy A2 A
ohu} Iyl g T WA} oFo] uEwel T S oo ARgSt off 24 o= Wy F
25 D80 sA ) AE HAwE ALgsle] 284 A& 245 F2 Alofrt
B7hE Algellct. diyse] Batelx Bt A Qo] YHES i vl 2ol die
' A e o Zl nj o =okon T el mE B2
G740 OYOR RO AE WEEE mery, o WP wslen wxelel e ws
Al} 310] Mo FE Fum EAZOoR 00 SO AE HRFH O R 400 o]AFO R YHESE Ao
u]ahl gbAll, TREER) o) glojA Ajgky AT e el Hn Jlyol gt
2s0] WA gato R 247+S Wo)ell ol ShLF AA o] Zol7t glo] 284 Bl
HE 2331 Aol AFE st Aow H o A7t fofulsiial E’rxé < gARE 7
ATE g F QR 5 Folo] W Ay HE REEHYCl A aAE 2k
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