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Abstract

Toes socks are used widely for the health of feet. However, discomfort is one of the major complains
from toes socks users. The purpose of this study is to determine the effect of functional fibers on the
physiological response and wearing sensation of toes socks. For experiment, two different toes socks with
cotton/warm fiber(WS) and cotton/chitosan fiber(CS) were knitted automatically by a computer controlled
flat knitting machine. The control toes socks with cotton/nylon/polyurethan(TS) were prepared to compare
the properties. Experiments were conducted in a climate room of 16+2°C, 50+5% R.H. The results of this
study were as follows. The change of heart rate, pulse rate, and mean skin temperature showed no
difference among three different socks. However, skin temperature of TS was evaluated higher than that of
WS and CS. After exercise wearing WS both instep temperature and sole temperature of women tend to
higher compared to men. Wet sensation and overall comfort sensation of toes socks were significantly
influenced by different fiber contents. Subjects evaluated WS and CS more comfortable than TS.
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HT F, 2087 E5& AN, T 587 F407) Ts=0.3Tchest+0.3Tforearm+0.2Tthigh+02Tleg <3 1>
€ A en s& 1F02 AEste HrHio
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Table 1. Physical properties of toes socks

2 o] @S (instep)?} Lulh(sole) HHE2E =
AVE) 98 @53} wapete)] Zbzk AME FAAH
2,48 sHEe AEE e 25 A WHE
g F, 2087 25 AN, oA 587 F4
715 Fehs B¢ o) 5B 7HH O R VS

2) okg-O[ I;.__I;I-EOEt
Fe] & BEFS AE A FEatd 250 ¥

" Socks

Cs WS TS
Material chif:;ta(:lnﬁgge?/?)% W:J::l“;;lbzg Zb(;% polyurce(t)ltlt:ri:;, nylon KS K 0210-2
Yarn count 30's/6 30's/6 20's/6 KS K 0415
TPL 11.17 21.90 - KS K ISO 2061
Kanit structure plain plain plain KS K 0007
Fabric density(walexcourse) 13x13 13x12 27x24 KS K 0512
Weight(g/m®?) 3163 3443 369.6 KS K 0513
Thickness(mm) 1.8 1.9 1.9 KS K 0506
Tear strength(KPa) 1,139.2 1,119.6 1,119.6 KS K 0351
Abrasion(time) over 20,000 over 20,000 over 20,000 KS K 0942
Air permeability(cm’/min/em’) 5,870.4 7,260.0 7,260.0 KS K 0570
Pilling resistance(grade) 4.5 45 4 ;(SCKI 2123
Water absorption rate(%) 232.5 210.0 196.8 ?ﬁ)gfﬁfww
Wickability(mm/sec) 0.1 0.1 0.5 -
Heat retention rate(%) | 18°C 11.2 27.1 17 KS K 0466

Table 2. Characteristics of subjects

1 man 28 170 69 26.0 2.62
2 man 25 178 75 26.0 2.98
3 man 27 174 65 252 2.53
4 man 25 173 80 25.0 3.09
5 woman 22 156 47 2.1 1.64
6 woman 23 160 50 224 1.79
7 woman 25 160 53 23.0 1.89
8 woman 27 160 43 22.6 1.54
*Body Surface Area(B.S.A) = H*™® x W% x 72.46
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Table 3. Scales of subjective sensation

sation. J © Wet sensation - ‘Thermal sensat
1 Very uncomfortable Very dry Very cold Very loose
2 Uncomfortable Dry Cold Loose
3 Slightly uncomfortable Slightly dry Slightly cool Slightly loose
4 Neutral Neutral Neutral Neutral
5 Slightly comfortable Slightly wet Slightly warm Slightly tight
6 Comfortable Wet Warm Tight
7 Very comfortable Very wet Very warm Very tight
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, Mean(SD) Mean(SD) ] 2
MST WS | 308QIDA | 279388 A | 283 (289 A | 291 (27HA | 04QTIHA | 3043BIDA
€0) CS | 273(50HA | 284 (GIDA | 292@8DA | 3004280 A | 299430 A | 300315 A
TS | 294 (1D A | 289Q6DA | 293330 A | 3050165 A | 321088 A | 31.7(1.08) A
F-value 2.29 0.13 0.76 0.40 1.17 0.96
Terunk WS | 31.7(Q49A | 2943B9HA | 293(B8HA | 2993B8DA | 310G4ADA | 3.1 3B2DA
€C) CS | 2924410 A | 204 (515 A | 304 (466) A | 314 (2D A | 30338HA | 31.1(385)A
TS | 279(545) A | 311 Q3D A | 323076)A | 33.1(L16)A | 330139 A | 332(09)A
F-value 1.67 0.47 1.38 0.68 1.77 141
294 305)A | 285(GODA | 29202900 A | 306300 A | 3093TDA
289 (5A2)A | 291 (49D A | 294 (49D A | 293 (4THA | 293(342) A
295 QIDA | 310(L6DA | 3100148)A | 32118DA | 31.7Q0HA
0.07 1.09 0.57 1.38 1.20
275280 A | 277255 A | 286245 A | 294249 A | 293 (B.1H A
277 GBI A | 281 (51D A | 288 48D A | 296493 A | 2903308 A
269 380) A | 285 (346) A | 302(16DA | 309(166)A | 304 (14NA
0.08 0.08 0.57 0.53 045
271 BIDA | 2753B6OA | 28532 A | 3033B3DA | 2983B45A
281 (5.59) A | 294 (545 A | 302@I9DA | 305@46)A | 302264 A
266 (406) A | 288 (215)A | 302214 A | 31T7(12DA | 308(162)A
0.23 0.52 055 041 0.30
29.8 460) A | 292 4800 A | 309 (409 A | 3273BI9BA | 320335A
293450 A | 3104060 A | 3163BOHA | 32102800A | 3200249 A
202 (465) A | 298(525)A | 320G.08)A | 321250A | 319220 A
0.01 0.03 0.19 0.11 0.00
287 (4240 A | 299 @2DA | 314 @&1IDA | 331 GODA | RE6BIDA
2828 A | 3024589 A | 315G6DA | 326GIDA | 3260264 A
287 (559 A | 2956100 A | 3203460 A | 325G A | 325320A
0.03 2.28 0.06 0.08 L 0.00

*MST(°C): mean skin temperature

Duncan-test 23 £2]3 Zol7t veld 22 A2 o2 Zxpz Ay o,
L 23
‘p<.05

*p<.1
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Table 5. Differences between sex in skin temperature

ws 303 (283) | 259 (4.62) 276 (3.13) | 290(3.06) | 29.6 (4.21)
312(1.36) | 298(1.95) | 297 (214) | 30.6(1.22) | 31L8(191) | 31.2(L70)
-0.56 -1.55 144 -1.80 151 073
28.1 (3.66) | 20.4 (3.80) | 289 (4.85) | 287 (443) | 28.1(5.04) 16
IE%T o 266 (6.65) | 27.5(6.67) | 296(553) | 31.2(437) | 317 (3.08)
0.36 0.50 0.19 078 119 |
s 279 (419) | 203 (2.14) | 303(1.32) | 306(1.07) | 321(036) | 318 (1.04)
248 (6.14) | 285(345) | 30.6(174) | 303(227) | 321(129) | 31.7(1.28)
0.83 041 028 024 0.09 0.16
ws 310 (345) | 275 (4.61) 291 (383) | 294 (400)
32.5(1.06) | 313 221) 329 (170) | 32.8 (0.74)
-0.80 -1.50 -1.81 -1.66
27.5(4.16) | 293 (450) | 294 (482) | 302(3.12) | 287 (@493)
Té%’k © 309 (452) | 295 (644) | 314(500) | 326(337) | 318(196)
BT -0.03 20,56 107 -1.16
S 286 (4.69) | 30.6(181) | 31.6(1.37)
27.1(677) | 315(3.05) | 33.1(1.96)
0.36 -0.54 125
ws 307 (395) | 283 (3.14) | 280 (275) | 286(297) | 296(293) | 304 (4.75)
31.7(1.88) | 304 (298) | 200359 | 209@.11) | 31.6(3.16) | 31.3(3.01)
047 -0.98 043 0.60 -0.89 20.30
293 (3.61) | 295 (4.16) | 287 (530) | 28.0(546) | 27.6(567) | 21.5(4.07)
T(ffg)” s 201 (297) | 282(6.53) | 294(532) | 308(459) | 3L1(3.51) | 310 (L60)
0.11 033 -0.19 -0.80 1,06 “1.60
s 289 (4.64) | 304 (3.17) | 312(1.62) | 305(099) | 329(L12) | 327 (155
246 (587) | 287 (247) | 307(1.84) | 3.06(1.84) | 3L4(221) | 30.6(2.07)
1.16 081 035 -1.03 1.23 165
ws 294Q220) | 270 (367) | 265(262) | 27.5(319) | 283(327) | 29.1 (4.55)
297 (2.03) | 380(2.00) | 289205 | 207075 | 304097 | 29.5(1.49)
-0.20 20,50 -1.49 134 122 0.14
268 (474) | 283 (430) | 280 (4.59) | 24.5(480) | 27.6(506) | 217 (3.17)
T(’f’ég)h s 283 (447) | 27.1(7.66) | 282(635) | 302(528) | 3L6(452) | 309 (2.30)
-0.46 027 -0.06 0.7 119 163
s 272335 | 281(L74) | 297(1.04) | 300(124) | 31.5(096) | 304 (1.08)
230 (543) | 257(521) | 273479 | 304222 | 304 218) | 30.4 (197
133 0.83 0.98 028 0.90 -0.02
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Table 5. Continued

Time
Socks | Sex Rest Exercise 5 Exercise 10 Exercise 15
L Mean(SD) Mean(SD) Mean(SD) Mean(SD)
ws "M | 208(140) | 258 (450) | 259 (3.69) | 269 (2.54) 29.0 (3.57)
W | 302(1.13) | 284(279) | 29.0(329) | 302(3.27) | 31.8(3.86) | 306 (3.62)
t -0.39 0.98 126 -1.58 135 -0.66
. cs | M| 277034 | 89440 | 93(436) | 290(487) | 287 @62y | 289(238)
((,éf W | 280(3.88) | 273(7.19) | 29.6(6.75) | 314(535 | 324(398) | 31.7(2.30)
0.12 0.40 0.07 -0.68 121 1
rs | M| 263@14) | 27022) | 21766 315 (1.25) | 302 (1.65)
W | 238(7.04) | 272(5.10) | 29.5(4.08) 319 (1.34) | 3L5(1.53)
t 0.60 0.29 173 -0.41 113
ws LM | 22649 | 21627 25405 ‘ 0529
W | 312(134) | 320 24D
t 0.73 168 |03 L
. M | 28.0 (284 | 302(1.06) | 308 (185 | 309 (226) | 3L1(278) | 30.8 (245
T’(ﬁ’é’)ep R T R (3.66) | 284 (66D | 312(591) | 322(393) | 331279 | 332212
t 0.03 0.55 0.10 0.55 -1.03 -1.50
1o | M | 2606562 | 89@9) | 27575 | 35G2 | 314@16) | 313 (2.02)
W | 244 (73D | 295(.10) | 300(5.59) | 325335 | 328294 | 325260
t 034 0.18 006 0.41 0.77 0.70
ws LM | 301048 | 26697
W | 303(1.94) | 308224
t 0.26 -1.58
o cs | M| 271086 | 291068 | 300270 | 30GIH | 3200638 31.6 (2.66)
€O W | 274377 | 273(7.09) | 304 (645 | 319454 | 332323 | 33.6251)
t 0.18 0.49 0.11 031 0.55 113
ps LM [ 254647 | 84G9) | 289 @4as | 312038 | 39G07) | 31829
W | 23.8(8.03) | 29.1(6.12) | 3016100 | 328(386) | 33.1(384) | 33.1(378)
t 032 0.15 2026 0.62 0.50 0.52
*MST(°C): mean skin temperature
*p<.l, #p<.05, ¥¥¥p< 01, ¥*#%5p<.005
CS= 48.6mg/g = WS & H-3-3F 29.1mg/goll B3k Table 6. Differences among toes socks in mean amount
wEl B AR o & o FrlE AL 4 2= 9ok of sweat

WS & B8 29 Img/gS TSS H B3 144mg/g

1 Hlgte] &

Mﬁmﬂﬂu

S,

Ao vehdeh. et &
dE7Fo = Q18 WSl ®54
A7) UEhd A o= A2k TS ¥ o]99
2, 2299 5o 254 HHE T B
57} 2 oA gk 47T, o

AAe u adle) B4 A9a%E Fud

S5l ¢
o] o2 CSH.

H3 Ax

. Socks:

WS

31.46%%*

CS 48.6 C 3.5
TS 144 A 2.1

Duncan-test 2 3 #-2] 8 o7} vJehd 52 A Z &

AR BAERor,

< 001
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Fig. 4. Changes in fit sensation.

thA] k7 Yuh g grpetg ok v FA)e ¢
7ol Waf thk B Ao R Hrishe Ao Yg
ok TSS] A, & - B 2% F 108FE o
7 Qb e Bregen, MER S &5 F 15
B 2F =ositba grbsaa, AEre

EE710% FA71) BAS I FrhEn. 1S
o) A W ol9jo] JAE, FYLHE 59 &5

oA
fn e



52

St=01=5t9| K

Vol. 32 No. 7, 2008

s

4 MRS BRECl B 47 B YolubA ¥ %

7174 2 B4 Fol vhy] qjFe & &4, 5714
2 EAo] $4:% csoll vl A EA @A Hot
g 02 AEHC oo} e Ay o] F, 27
4(1995)8] ATA#HS} Zo| Fd A 5] Al
ZHE WA 2g7PL HEFo|thoA Hrh o Wako
2 o]y AlFst o), T THo whe YA
2479 Byt P JYEUR] gdgite A}
AR A & 4 Ui

A= a8

IV. 28 % Mo

R
L.

gd

B A7dAE [ EME R
T4 ARE e e g
A2 A 2gANks 2

Wrrste] wote el 3
712 A8E AxA gt
B A7 A8 v 7}
1. g LA 529 Aol FoFF 0.05
oA 8714 3HE ¥R F g R 2o
F93% 2ol et 23U §95F 01004
A MR 2 gF R, @5 JFHE #
9|t Aol 7k veltth. FHLE 4 £ wse
g 7)o TS Blsll 9 F-20] A el &%
716 TSRt 94 velgth cse ¢Hd 7)o wsrth
A el TSRS A4 JeEhdurt %710 TS
B} @A et TSE 44719 WA Jehiolst
$£E57190e =4 Jeist

2.8 o 24 F oieo 3o)lE BT A5,
QAR o] A vl =2 ¢S BAT 53]
WS 284 &% 108F5E Farlel 44 94 &
T A 5-23) wutd m52o] Aol Aol vlE f2
Sl =2 A2 el

3. &AE wgleke] 3olE HAg A}, CcSv
g F57t 7P 32A JEbew, T3 WSE TS
18] @5k F57F 2A YebsT
4. A WE 2 - Wzb, HEZPA {3 A
ol7F e} ‘FR7P AT Fo) g Xol 7t el
o} TS &84 &F 583} 25 1080 o &3 3
2 el wse 28 49 77Ul dukdez
Fa7 e W3l Lol oA HAZ Fa e

A dhe Ao g2 F7rskit

v}

=2
=2
.
L

=]

Jo

~ 1064 —

5. 248 AR L &5 F FA/(p<.DAARE
8938 2Fo|7} Y= Aoz Ve, wse CSe
TSl ¥3] ©S HF stk Hrrskdoh TSE & ol
o= YdE, ZE e 59 2544 AFE 74
Hol & F471 & douA] &3 BN, FEE F
o] ywmy] g 2o & &F5, 5714, FEHC BF 4
43 WSt CSoll vjal F At A W AR
S=R21=N

ol e A#AREE JIEARF T & FFE
$EA E7tE T FHgo] 87 E HAA FHo
A AAETT & U B 25 F F EF
o 93t A fo] BEgo] Wit FEY F&
72 HAA o a3Ut JFETL & F Ak

Rz 2 24 Wsle ¥ F8d g
AA e ste} HH e FEFS & 4 AUt Lot
¥ 2go] e JAA gl HE FEg A7
ANE 9A TG 25 2 35, 574, 3
B @& A7 AA, $557E wE 9t =5
AEH oo & Aelt},

al
=

#

Ho

|

7154 A5 (2007). Texanmedtech. A2 Y 2007, 12. 5,
AZZA]  http://www.texanmedtech.com/business/business_
0Ol.asp

AAz, olFA, wEAl (2000). 2EXx ¥FT &Ale] EA

2 oA el gt BN, 7 F 5], 24(8),
1115-1124.

AAe, AW, (2001). FL 2A4E A4 H
#A 227t ofeli7 8187, 25(8), 1475-1483.
8L, BL7. (1999). 257 L 2e] FFo] UMY
Hb-go) v = B3t $FFYF5EA], 23(2), 242-249.
wrazl, AL (1999). ZHE WA aAle] g 232 g
o] A Fef gl B3 AT, FHEFH A,

7(5), 165-176.

ARk A A AR (2007). KTNews. AR
o 2006, 11. 5, AEZA http://ktnews.com/news/news_
content.asp?countnum=48611

23 Z7Z4. (1995). Polyethylene Glycol 12| gt o}=Z&
58 ¥ =¥, YIS FEAD 5] A&
Al R e I #7557, 19(1), 36-50.

A3, FA5 (1996). 95 S A8 AFA A &

g AT G797 5A], 20(1), 98-112.

HFL ol

71 =
o X T

o]



