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Abstract

Gloves are worn to protect the hands from hazardous conditions such as heat, cold,
vibration, and mechanical trauma. However, use of gloves made of materials with low
elasticity and do not properly fit the hands would decrease the performance of the hands
in terms of manipulability, range of motion, and grip strength. The present study was
conducted to identify if the adverse effects of inelastic gloves on the hand performance
can be reduced by considering the changes in hand surface lengths due to hand movement
into the design of gloves. The hand surface lengths of the right hand were measured at
five digits (D1, D2, D3, D4, and D5) and two hand areas (phalange and metacarpal) while
the hand was stretched and in fist. The hand surface length data was collected from 120
participants (60 males and 60 females) with various hand sizes. The ratios of the hand
surface lengths measured in fist to those in the stretched posture were significantly
different depending on the digits and hand areas, ranging from 1.12 to 1.26. To
accommodate the surface length increases due to hand movement into gloves, this study
proposed two glove designs which provide elastic patches and pleats at the finger joints
and knuckle. To identify the effectiveness of the proposed two glove designs in terms of
hand manipulability and grip strength, a test was conducted with two additional
experimental conditions (bare hand and traditional gloves without considering the hand
surface length changes). In the four conditions, 24 males (18.9~19.5 cm of hand length
and 20.8~21.4 cm of hand circumference) conducted pegboard and maximum power grip
tasks and reported their discomfort in hand motion and force exertion. The test results
showed that the gloves with elastic patches and pleats effectively lessened the negative
effects of use of gloves on the hand performance and discomfort and ones with pleats
were preferred.
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Muralidhar et al., 1999; Nelson and Mital, 1995), 5=} “d 1.4 (Bradely, 1969b), Z| tf
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¥ 31 B BEEE ESPNFE A8RY BF

Sl = Lib A < = Lib A5
1 | Di-Length Zo] 36 | D4-Tip to Wrist Crease Length 71 0]
2 | D1-Height Z o] 37 | D4-Proximal IP Joint Breadth S
3 D1-Tip to Wrist Crease Length Z o] 38 D4-Proximal IP Joint Circumference =4
4 D1-IP Joint Breadth U] 39 | D4-Distal IP Joint Breadth L H]
5 D1-IP Joint Circumference =9 40 D4-Distal IP Joint Circumference =4
6 | D1-Link Length o] 41 | D4-Link Length Aol
7 | D1-Metacarpal Link Length o] 42 | D4-Metacarpal Link Length Aol
8 | D1-Proximal Phalanx Link Length Z o] 43 | D4-Distal Phalanx Link Length o]
9 | D1-Distal Phalanx Link Length Aol 44 | DA4-Medial Phalanx Link Length 2ol
10 | D2-Length o] 45 | D4-Proximal Phalanx Link Length o]
11 | D2-Height o] 46 | D5-Length Aol
12 | D2-Tip to Wrist Crease Length Z o] 47 | D5-Height o]
13 | D2-Proximal IP Joint Breadth U] 48 | D5-Tip to Wrist Crease Length 7 o]
14 | D2-Proximal IP Joint Circumference = 49 | D5-Proximal IP Joint Breadth L H]
15 | D2-Distal IP Joint Breadth U] 50 | D5-Proximal IP Joint Circumference =4
16 | D2-Distal IP Joint Circumference = 51 | D5-Distal IP Joint Breadth L H]
17 | D2-Link Length 2ol 52 | D5-Distal IP Joint Circumference =1
18 | D2-Metacarpal Link Length 2ol 53 | D5-Link Length 2ol
19 | D2-Distal Phalanx Link Length Z o] 54 | D5-Metacarpal Link Length 7 o]
20 | D2-Medial Phalanx Link Length 4 o] 55 | D5-Distal Phalanx Link Length o]
21 | D2-Proximal Phalanx Link Length 2ol 56 | D5-Medial Phalanx Link Length 2ol
22 | D3-Length 2ol 57 | D5-Proximal Phalanx Link Length 2ol
23 | D3-Height Z o] 58 | Hand Length 7 o]
24 | D3-Tip to Wrist Crease Length o] 59 | Hand Circumference =17
25 | D3-Proximal IP Joint Breadth ER] 60 | Palm Length Z o]
26 | D3-Proximal IP Joint Circumference = 61 | Hand Breath L H]
27 | D3-Distal IP Joint Breadth U] 62 | Wrist Breadth L H]
28 D3-Distal IP Joint Circumference =9 63 Wrist Circumference =4
29 | D3-Link Length o] 64 | Wrist-Center of Grip Length Aol
30 | D3-Metacarpal Link Length 4 o] 65 | Wrist-Index Finger Length Z o]
31 | D3-Distal Phalanx Link Length Ze] 66 | Wrist-Thumb Tip Length Zo]
32 | D3-Medial Phalanx Link Length 2] 67 | Crotch 1 Height Z o]
33 | D3-Proximal Phalanx Link Length 2] 68 | Crotch 2 Height Z o]
34 | D4-Length 2 o] 69 | Crotch 3 Height Z o]
35 | D4-Height Hol 70 | Crotch 4 Height Zo]
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TR 2 7= ). Rosenblad-Wallin(1987) 2} 1SO 4418(1978)= 3t XA A&
ARG el EEdUE Fo O MFR AMEstE S AAEoU,
TAAD ol2A A= WASA @skth W, Internets Fshke]  87)
A EAAE] AHESL e AFAAE Ak A, &, EEd,

EUNE Egetel Fo WER Agsn Jgem, ol A Yold

3 32 FHAEAAL AFAA T W R 2
=¥ | I AZHA F8 s -/ (99 inch)
1 IR TAE £Zol/f=Ed | 4F (6.8/7.8,7.2/8.4,7.6/9.0, 8.0/9.6)
2 = RA} £Zol/=%d | 5% (6.5/6.5,7.5/7.5,8.5/8.5, 9.5/9.5, 10.5/10.5)
3 || = AR} &dol/&=Ed | 4% (6.6/7.5,7.4/185,8.2/10.5, 9.0/12.5)
4 CLA} &Zol/=9H] | 5% (7.00/3.25, 7.25/3.50, 7.75/3.75, 8.25/4.00, 8.75/4.25)
5 WAL £E7 6% (8.5,9.5,10.5,11.5, 12.5, 13.5)
6 OA} &5 4% (8.5,95,10.5,12.0)
7 SA} &5 5% (7,8,9,10,11)
8 CEA} &4 n) 5% (3.0,35,4.0,4.5,5.0)
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B VFoR 247 wARAEL A4AU £e, AueA waEae
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e Aol A% EGXF YH| x|
Fawesn S0 N N
=T k=1 o k1 o k=1 o

mj o ke 1(2) 2 (18) 5 (45) 2(18) 10 (91)

wo 1) 14 (29) 6 (55) 8 (73) 1(9)
£710] HE 15(31)  15(31) 9(82) 1(9)

o 21 (44) 13(27)

- =5 11 (23) 5(10)

mjo- ke 20 (42) 15(31) 2(18)  5(45)

wo 3(6) 23(48) 5 (45) 5 (45)
e HE 24 (50)  10(21) 3(27) 4 (36) 6 (55)

o 1(2) 7(64) 1(9) 2(18)

w9 =5 1(9) 1(9) 1(9) 1(9)

mj 9 uke 19 (40) 3(27)

wo 23 (48) 29 (60) 9(82) 2(18)  7(64)

HE 25 (52) 5 (45) 1(9) 8 (73)
&)

o 5 (45)

- =5 1(9) 1(9) 1(9) 1(9)

* - S <0.2, $e:02<r <04, BE:04<]|r|<0.6, =<: 061

<08, "I =5:08<|r<1
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1.56

5.87
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6.28
8.11
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2.55
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9.37
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A= AR S FEl & 3.7 ¥ Zo
AR EREAT 1

=d&S 1l A543 8 7N, 440 6
AAE AFAAE G AL BS-
83 5 9k

| YA A% 25 /M, o349 A$ 11 7)

1, 889 JES 2%E AAS I, 2% o] Ao
8

90.24%,

oA o] 97.61%=

(@ =4
4ol
59~64"64~69"| 6.9~74" | 74~79" | 7.9~84" 84~89"89~94" A
<=4
6.7~72" 1(0.06) 1(0.62)
72-77" | 2(011) | 9(051) | 24(135) |  7(039) 42(2.37)
7.7~-82" 19(1.07) | 201 (11.33) | 231 (13.02) | 30 (1.69) 481 (27.11)
82~87" 6(0.34) | 156(8.79) | 478(2694) | 16(9.24) | 11(0.62) 815 (45.94)
8.7~-92" 39 (2.20) | 182 (10.26) | 150(8.46) | 18(1.01) | 4(0.23) | 393 (22.15)
9.2~9.7" 6 (0.34) 24 (1.35) 8(0.45) | 2(0.11) 40 (2.25)
9.7~10.2" 1 (0.06) 2(0.11)
A %) | 2(0.11) | 34(1.92) | 421 (23.73) | 904 (50.96) 369(20.80) 38(2.14) | 6(0.34) | 1774 (100)
(b) 17
&7] 9]
_ 59~6.4" | 64~6.9" | 6.9~74" | 74~7.9" | 7.9~84" | 84~89" A
=&
6.1~6.6" 4(0.18) 20 (0.91) 24 (1.09)
6.6~7.1" 101 (8.20) | 376 (17.03) 557 (25.23)
71~76" 673 (30.48) | 540 (24.46) 1213 (54.94)
76~81" 315 (14.27) | 70(317) 385 (17.44)
8.1~86" 23(1.04) | 3(0.14) 26 (1.18)
8.6~9.1" 3(0.14) 3(0.14)
A () 4(018) | 201(9.10) | 1049 (4751} 855(38.72) |  93(421) |  6(027) | 2208 (100)
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A Fe T4 dolwstsS FALEHZ] &l (a) AE Aol AAEA
e AMEA “AAAHA £ HZ ZA"7E (b) AE dol7F FH sk A
AAZA = H AATE AFEHJH Y 42 FHx). EAxe 4

doldskaS 1078 54 F-9lol thal] ofzh 4 (1)2 #ol Atdd

&4 Aol WakE

A o7t Hrjak A AA oA |
AR Aol7t ARA 2L

N | e
N

A AHol7h AFHA %2 AAl=Thomas(1991)7F &4 574 A
ARE S A=A &5 W AV AR HAST 2l AE Aol H
A AARA, BEe] 33 23 Azl dol= Fo] AFAATVE Utta
el loemm (274l 1999), Wl E7kte] Hd wdl s = FY 4
AFAl(Green and Heckman, 1993)7} AA At o] w v &£712S H gk H3l
< AA9] interphalangeal jointE HA| e} FA] Alelol AXAIF T AAE
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& 43 734, £40], digit, £l WE 2 dolwshgo] LAkt

Source DF SS MS F-value
4 1 0.00275  0.00275 0.86
&4 ol () 2 0.00546  0.00273 0.86
digit 4 0.51155  0.12789 132.50*
+44 1 0.87542  0.87542 273.82*
23 xdigit 4 0.02988  0.00747 7.74%
AExEgdd 1 0.05300  0.05300 16.58*
&7 o] (43 ) xdigit 8 002575  0.00322 3.33
EAo|(l)xEd Y 2 002524 0.01262 3.95
digitx<=3 & 4 091804  0.22951 160.60*
23 xdigitx =< 9 4 0.01188  0.00297 2.08
&7 0] (A ¥)xdigitx= 3 F 8 0.02857  0.00357 2.50
AR E, E40)) 116 0.37011  0.00319
digitx3] A @ 2H(43E, &4 el) 464  0.44785  0.00097
TR AxI A A, EHol) 116  0.37086  0.00320
E7FexEG Axa A @A, & o)) 464 0.66310  0.00143
Corrected total 1199 4.33947

*p<0.001

WEALS BAE o ALgEE 7)o th(Keppel, 1991). Digitxs=<d ol o3
simple effect 2418 AA|gt A}, &) 7} FFollAl digito] weF 54
Aol Mslgo] o3k Ao]Z WolH, digite] 2 ol £ wet F3
gk zpolE Holx= ROoRE Ueiwth £99¢9

_(I_)r
XA, £718 9d9& D5, D4, D3, D2, DI o2 %% Zo|wH3zl&o]



Lo A How, &5 99L& D1, D3, D4, D5, D2 0.2 %2 Zo|Wgl g o]
il fo4d oFe wet Al /el Hwh(D1, D3/D4/D5, D2)o.2 Lol X th(E
44, 1% 44 Fx). olul &UME JH9e] FFH Ho|WHEE2 Green and

Heckman(1993)¢] gl digittd 27} #de &2 ®He #3 L A7

.
SAUE 45 #X). Digitsl 7 £33 P94, D1& £ ggnr
&5 9ol o 2 ¥4 PolwaEs wgovh A BE dgise &5

((o = 0.001)
=99 Digit
&oket D5(1.26) D4(1.22) D3(1.19) D2(1.18)  D1(1.12)
F= D1(1.16) D3(1.14) DA4(1.14) D5(1.13) D2(1.12)

¥ 45 7} digite] w3 &2 91 (Green and Heckman, 1993)

Joint D2 D3 D4 D5
MP* 86° 91° 99° 105°
PIP** 102° 105° 108° 106°
DIP*** 72° 71° 63° 65°
Total 260° 267° 270° 276°

*: metacarpophalangeal joint, **: proximal interphalangeal joint, ***: distal interphalangeal joint
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Ty Adxdigit, AExEFHY] wEAE #HEs] AJEe] simple
effects= AWtz o7 F7 ZojWsly = 2
UEFS THo=0.001). A1 A3 o] o] AR AdEelA digite]
=39 9] simple effect= 93 Ao 2 Yl vk digito]u £ 250
¥ AeelA el simple effect= F2lakA kokth A
digitd %2 Zoldsl&S D5(E: 1.20, o: 1.19), D4(H: 1.18, ©]: 1.17), D3(&:
1.17, ©]: 1.16), D2('&: 1.15, ©: 1.15), D1('Z: 1.13, o]: 1.15) o2 F2]&HA
om, EJ9H T dolwstge &7t d9(d: 1.20, o 118)0] &5
G 113, of: 114 R} FolshAl ATH(1Y 44 Fx). 18 BE digit 2
do] Fol A A simple effects= 984 &gkt
A AolRstEe gFHo] Z HHWMS(digit, =F9)E Lelste] &
467 2ol A3tk AA Al A8E e AR T4 dolwshE(1.12~1.26)
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gesich. A A A,
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OJ.L4 i\“
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PRSPe Digit
D1 D2 D3 D4 D5
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43  EARY FH dolwztE uH o] AFE 2R

57

)

94 Fge A digith £FG0) e Aolg wol: B



el

e

o] s}
&

A A

g olfFEon Augomy

o
A

3

A

A5 2

"0

A

&

B,

Al =
Ay |

).

1

uj

)4

Z o] ¥ 3}-5(1.26)

57

-
T

D57} 7FA]

A

=
=

o}, 2y Al

PN
T A

o] 012

=0 Aol A

At o %

Z10]

=

g

A

ful

o)
oF

4!
)

i

7
<)

o)

5

dojizkg]e] =

]
A

=
<]

[ o] x

19 45 F3te

33



Ao sr}

52

V. 53 Qoluste ndsel 4AE 34 Bt

el

o)

st v7HA] 21(M 5

i 249 g AR

3

E
S

el
)
T

o

Tor

s

puzel

wr
o}

XO

)
3

el
1o°

‘._A.uﬂo

i
N

ﬂwﬂo

™

BR

—_
fite)

T0
Ar
el

o
M
N

ﬂnﬂo

3 AA ot

5.1

Nr

4 o]

57

A F 9]

=5

= A

[€)

CE]

5171

°©

A <t

=

=

A

A
[e]

o
TH
il
ol

ﬂ

Feh® 5.

°

A2

[e)

Hhe

T

°
pul

A2

o =
TTEoE

o]
54 ol

TH
il
XM
2l

Aol

A 2] &

iz

AMs o e o

%/\g A

o
=

g BB
=2 T

X

i

7= o

T

.

o

320 (ol Ayt

&

-
-

7HA]

dohE

Rl

3

34



ERelel S ol fFE 271 @

g EAEe] AfTE ArI7E shel wde]l adE AEm ARt EVFE
9eel D2, D3, D4, D5:= #17t 7 Jiel #ds 7HAAL QloBR o fFE
A7127F 7k BEe AfFE AVE AAHJAY. dH &% Jde D2-D5
4 THH ARFELeR AHER dF ERHY [dolxeH ol
AskE] TolA HAWAZE FLdsHA oA fFE AL7E A A
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3E 51 ARFFE FH AFFF 271 == (USArmy data®] 2/d 50%ile

o] 78 371 (2%:cm)
<99 Digit T34 dolWigtsa-1
(&$): cm) A A a4
D1 7.0 0.12 0.8 0.8
D2 7.5 0.18 1.4 0.7
=712 D3 8.4 0.19 1.6 0.8
D4 7.9 0.22 1.7 0.9
D5 6.5 0.26 1.7 0.9
D1 6.8 0.16 11 11
D2 11.0 0.12
&5 D3 11.1 0.14 1.6 1.6
D4 10.6 0.14
D5 9.5 0.13

AR A A BEe] AEAeHE pare 90w A

Al Tl A WA F99] Ad e AQjsta BE A 87t
FTAES AAHAHIH 5.1

AT 2 50%ile Aok Edetn, Aoldgow AFAo] Ao glow

_l

52.1 A=A

A& 2= £70](18.9~195 cm)¢t £%(20.8~21.4 cm)E 1175}
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523 T3FY

2 oATedA HAEAE oRpe] grel wiE Zo PHSs A8
Ao A 2 EES ARESE}e] pegboard  FAS A FUE. Pegboard:
17.3cmx15cm SHA I 2.7cme] FolE ZH AFH A 3070(6x5)e] T o]
JE H} 04cme WA E 7.7 cmdolol 3 X Fo] M3 3074
Lo m o] Fojx Uvk(rd 53 FE). ©]2Igh pegboard= 71 cm ¥°lE
7E Add 9ol wo glom, A= 1 gk wRl EolE AT
A= Yfel] gkol e EES o] &s AYE FAITh ol Hoffmann and
Halliday (1997)7F =9 21 Al AEgt AAE Farste], A4z GAE
St A ool FEAE 90° AL wE ul ZEA7F P uiR o 5~10cm
Ao JEE FAAA7E BAHJKHLYH 54 Fx) #2 FJAPA] np=E
Aol f1A|EtH, L Fol Yol 7 F2 wiX® A (HH A 19.2x18cm,
ol 1em)7t Fol SlsH], ARk Fol wiite] vl AldelA ZFe A A

B SATHLH 53 FX).

&

17.3cm

A
v

| 1 8cm
15cm

1% 5.3 Pegboard®] I} UF3e] wlj ]
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i=e) =
TS A5, I pegboard S ©Al FdESITh AY F 2RI
VRS dojmg Ay ZEE X 2 s F 8y sivi(is: 23],
Ankgzt 18], e A 38, AFT5F Fi23])

cANE ASHTHZH 55 =), shtel pegboard 2kie] ¥ § 1 v

e 28 Tl FEA

41



A=, 29y T FETE ARERE A]e] R HuE A ARRE 5
oo Ho ofge oS xAo|A NK Digit-Grip device Model 1030<
o]-g3lo] =AE AT}t NK Digit-Grip device Model 10302 +100 Kgf7h#] =4 o]
7Vs8kH 0.04Kgfe] Hal5 3 +1%9 AIEES 7pHTh 943 2= Hallbeck
and McMullin (1993)°] #| A3+ AA S Frarsle], b= FE 9 ZZo]o] £o7}
A= ool grol HAE FulE WA 9ol wie W] FHo] WA
FHEAE 90° wIHTH Y 5.6 F=x). 183 AR 7} DIGIT-grip(Z: 4cm)<]

FoS, yH A bl E7FE e R DIGIT-grips A A
7€ AFEL HY ofHo] o], F& AFESIE £(hand dominance), AlH

£ E59] A9 JFS Tevha Yelal vkung and Hallbeck, 2002;

Hallbeck and McMullin, 1993). w&}A - Ao = 20t]e] L E&3to] Ao
g Aet I PdFAZE FAAZAT agla &3 &5 XE 19567 ol

AAHA .
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Ao €S JAHA7F 5% F9F DIGIT-grips 7Fs3dk AlAl 2 uf

S W U] 3% Bet #he] HHto=w

ARLE Ak Ho of= 9] R gl FH o] oF A4k Caldwell et al.(1974)°]
=9 A ARl gFo] S HAT. v dAE GEY

DIGIT-grip= FHA &L oF 1% &t Aoz A& Fof HY o ol&
e, 1 ¥ 4% EF FASAH e FHY] Aol FEE 1 o
A 120 2 Fol FPEA. Faw V]EY] HY ofde 54 A9
a9 AFHAZFL 3~4x0lH {2 A7 45~120% % Th(Fennigkoh et al., 1999;

Hallbeck and McMullin, 1993; Jung and Hallbeck, 2002; Tsaousidis and Freivalds, 1998).
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TO THE RED LINE, AS SHOWN, TO

@ PLACE YOUR INDEX FINGER NEXT
GET YOUR PROPER SIZE.

Alo] = Z}FE o (Centuryperformance, 2003)
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62 <AFe T4 HolHsE A

SAE 10 =59 257 sFel wmEr Aol wish(112~126%) 7t
(@)

dojtom(p < 0.001), o= 3ol T2 A FFS s AAd 1EE
o7k Stk 10719 A FHE &5 o delwiglrt doju=
ERARA £5 Zd 49 digit(D1, D2, D3, D4, D5)¥} £ 971, £%)9
xgow HAAHAT. 1048 EFS T HAAHeER UMY B 4
dolwistaS HQ X2 &7k 999 D5(126%)°lH, 7HE A 53
ZolHW3&S H X &7 999 DI &% 999 D2(112%)%

AREAE 2 A BEEE =7 @71 SJeiAM, Arte] #d R
Heots £ [dol x 4 deojuskg]nts A5 = Aol aH

Digit ¥ &% ZolWsl&2 7} digite] MCP, PIP, DIP #de] &2} W9
o FdE A7 &AEs dEld dE Sl digit F M 2§ 4
ZolWsl(1.26)5 1.2l D5% MCP, PIP, DIP jointe] A 52 ¥l 3 9GA
7P 2 827605 HERATE o= 27H(1999)7F EFEl whd Zbah Ao
T Aozt ¥ AF AV AT Aol T3t

Ax Adel7k Hulgk AgE AARA AEE FHE A A
E£71eH(D2~D5)ell thal M Hh= wades wasty, A dair s 1A
AT dA= e Wl 7k w9 7o) VIS5l tEY] wiiel, vhE vl
E7rert Al HAAE wele Aol Brbed w3 deldste] Ao
A 24 24 (Green and
Heckman, 1993) 74 &3t Wi gts AAIsk7] offdnh &4 23 E71 G oelA
D1o] %4 Zo|wslgo| 5719 digit & 7P 2 Aoz UegEd, o=
Ax o] wef ol HE o] FoAAA kvl WiEow Ad =

& AT 7IE AAGE EFEE A A e ERAE A5
oz Hu do] WskEs FAbshal, AW, £, digite]l e S-S

o

el FHol dol Wskge wo3 dFdF= VA= F
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