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7|= A 3: Handle Dimension

0 7|= d37E= X ™ handle HAF 22 2|8l diameter, THH S A CHSHO
EMG, grip force, F=2t8 TtEE HIIE =23 (Dong et al.(2007), McGorry
et al.(2009))

EMG sensor 1) R: round, H: hexagonal, TR: tapered round, TH: tapered hexagonal

Pressure sensor 2) Diameters: 10mm, 7mm (Tapered: 9.3mm, 6.5mm)

Custom-designed handles
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7|& H+t: Dynamic Hand Dimension

O Rogers et al. (2008)= grip= 11212t hand dimension 5782 2[5 47X

posture X 6671 2| hand landmarkE H2|&

O 3D softwareE O|-&3} 0 representative & scalable hand model= 7 2 &t

Table 5a. Distances (mm) between raw digitised landmarks on the fingertips: thumb pad (point 15),
index finger pad (27), middle finger pad (39). ring finger pad (51) and small finger pad (63) plus hand
length, breadth and wrist breadth.

- Posture Landmarks Mean (SD) 10% 25% 50% 75% 90%
J P-‘!.’ - Hand length 175.1(12.7) 158.1 164.5 175.0 183.6 189.7

QLLUALY, Hand breadth 82.8 (7.2) 722 71.3 82.8 88.5 92.6

Wrist breadth 61.1(5.4) 54.4 56.5 60.5 65.4 68.1

A 15-27 67.5 (14.7) 48.1 574 66.3 75.4 88.3

27-39 31.0 (7.8) 214 253 303 34.4 40.5

39-51 27.2(7.1) 19.9 21.2 26.4 315 360.6

51-63 314 (7.2) 22.4 26.3 30.7 35.1 41.2

B 15-27 60.1 (10.6) 47.7 54.6 59.8 66.1 71.0

27-39 20.7 (3.4) 17.0 18.0 204 225 25.0

39-51 18.0 ( 3.0) 14.4 159 17.7 19.3 21.0

51-63 228 (4.0) 17.3 19.4 22.7 25.4 28.3

C 15-27 223 (458) 16.1 19.0 223 253 204

27-39 18.7 (4.1) 13.9 l16.5 18.0 21.1 235

39-51 20.0 (6.3) 11.8 15.7 18.9 233 28.5

51-63 17.2 (4.7) 12.0 13.7 16.3 19.4 233

D 15-27 9.1 (4.8) 4.6 6.0 7.2 11.2 14.8

Posture A: fingers in relaxed extension and abduction (holding a large ball) (n = 100). 27-39 17.4 ( 2.5) 14.3 15.5 17.1 18.8 21.1
Posture B: fingers in relaxed extension in adduction (holding a mouse) (n = 100). 39-51 17.0 ( 2.8) 13.1 149 159 19.4 21.0
Posture C: chuck pinch posture with 2.2 cm ring between tips of digits 1, 2 and 3 (n = 100). . 51-63 159 (43) 11.8 13.8 14.9 17.1 19.3

Posture D: hand in a power grip posture, similar to holding a tube of approximately 4 cm
diameter (n = 20).
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Q 7|& Y& cylindrical handle% O&e= 40|, Saf SHe 24 #H=0
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SAlgl 510f = dA o 8% A FAE

= AFEXt2| | grip HEHE 2 44510] handle 24|0f| K-8t A+ XY

fo5 FUIigiia ) & e el
v*.-,- Al Hd 28k} 6 d Tm:ﬂﬂm Labn"




AT =X

Q1Z+ESt™ Power Grip Handle 24 E $l¢t
S&0f w2 & 18 A4 Het 24

1. Hand2} handle 2| interface =
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Imensions

S1-1. Handle D
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IMmensions

S1-1. Handle D
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S1-2. Hand Dimensions

O &9 =Q landmark S hand dimension2 57t X| &7}2t# 25 (DIP, PIP,
MCP joint)1} &= =& O|85}0] =& 7ts&
Landmark Hand dimension Of| A|

Tip

DIP joint

Mid-metacarpal point

Wrist crease baseline

* DIP: Distal interphalangeal

» PIP: Proximal interphalangeal S Z2L2, MO|0} 2004); M=, K| Q& M7\, XHIY (2005)
*  MCP: Metacarpophalangeal oI x| (2005); US. Army (2002);

Hidson (1991); Garrett (1970); ;
Robinette, Annis (1986); Li et al. (2008); SizeKorea (2002); ek o




S1-2. Hand Dimensions: Static vs. Dynamic

O 2HA Ol hand dimension 578 Al 0|3t S S ol &2 © MEIZ Y

Q Handle grip Al €5 hand dimension= = XtA|Of [f2f 207} CLEA F78 E

45°

L MCP joint

Y Metacarpal link (MCL)

HA| B

Mid-metacarpal (MMC) point

« DIP: Distal interphalangeal
* PIP: Proximal interphalangeal
* MCP: Metacarpophalangeal
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S2. Hand-Handle Interface

Q QIZFESSHA power grip handle 24| E 3l handle dimensiont 722t hand

dimension= A ™A gt

Handle A #| 21 X} Hand-Handle interface Hand dimension
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S2. Hand-Handle Interface: HH|, £H|, S2{|Z 0]

O Handle StHE MZ0| I4H|/S7H/S 2| 20| < digit 32| PIP joint2t MMC
o

point& &HC2E fitting k| = Bt 2| =/ =/=8H0|E 0|85 ==
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S2. Hand-Handle Interface 0| A|

Handle & #| 21X} Hand dimension

7
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S2. Hand-Handle Interface: L{H|, £H|, 8| Z 0|

(Handle) (Hand)
O SH(EHY Z35) = PIP-CMC joint AFO| 742

O U H[(EF] E=) = DIP-MCP joint AFO| 742
O =8Z0lEr 22Z0]) = Tip-DIP-PIP-MCP-Metacarpal link-CMC-Tip

Handle £ Handle L H| Handle E2{| Z 0|

o, ® Metacarpal link
PP Ne—=
MCP
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S2. Hand Anthropometry

- MCP joint

Metacarpal link

| Mid-metacarpal point

» DIP: Distal interphalangeal
* PIP: Proximal interphalangeal
* MCP: Metacarpophalangeal
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U 0O O DO

(&=

S3. 4d 7l

=5 &5 20| oo & power grip &2 Hat 24
Mo 20X} 99 (hand length S:3, M:3, L:3)

25 52} abduction/adduction

Variables

v =& == handle orientation 2t = (0°, 45°, 90°)

v &% B hand dimensions

AHE ZHH|: 3dMD (temporal 3D scanner)

Abduction Adduction

v N

45°

90°
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Apparatus: 3dMD

O 5CH2| 3D scanning camerag O|&5t0] &2 ¥4} 42| 3Kt scan data

XE LY T

fwn TuIngia

oy
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= =
S3. 2€ 3 &4 Protocol
*| $1. Handle Orientation Zt= 47 \

A 4

S2. Casting material %} 3! mtX|

X3

A 4

$3. Grip X[AM| scanning

A 4

S4. Casting material scanning

v /:V'

S5. Hand shape fusion
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S3-1. Handle Orientation 2t A M

O Zt= ZH7|E 0|2310 handle orientation Zt=5 Z7H(0°, 45°, 90°)&t S 2 )
25 9| ghduction/adduction® S &
O Handle TtX| A| forearmO| =EH 2 A& = YL E £0|E = HT

90°

OO

45°
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S3-2. Otoform 5%t 8! 1} X]

Q Otoform: Casting M{E 2 Z¢} A| 32 LHE 20| EF 7], 0O|0|E 52| A0
s 5l

= =
QO OtoformE HE3S| 440 24t ZH-7|0f| DF & U= stickOf| FEoH =

HOto XM 2 gripsto] AHM| | X|

Otoform (Casting material)

-\
e
Otoform =& Grip XtAM| FX|
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S3-3 & 4. Grip XIA| % Otoform Scan

ﬂJIrlI

O 3dMDE 2253 Otoform ItX| AbA|
Q ScanO| 013

QX8+ AEIZ grip XM E scan®
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S3-5. Scan Data Fusion (2/2)
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Fusion 21}t

45°

90°
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S4. Landmark Marking

oo

O Landmarke rapidform program= 28310 &7t2 &2 et M
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S4. Results & Analysis (1/2)

O Digit 1 tip to 6" MMC point dimension2 0= CHH| 45%, 90 grip KAl Of| A

14%, 19% S7tol= A2 = njetE

= handle 84 A| AFE XtM(&=F 4 5)E 120t gripF 20| 22 14%, 19%

S/tel X+ HE 7Is

0° 45° 90°

w3 ETuiuea 2
1Y seaass 27 [ Enetosie
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S4. Results & Analysis (2/2)

Hand dimension Handle dimension 45° (0° CHHI) 90° (0° CHHI)
DIP — MCP SEHE H S | 32% 1 5% |
Digit 3 PIP — MMC SCHE S S 5% 1 5% |
Mot PN see i ga 2o 15% 1 7% |
DIP — MCP SR =% | 15% 1 2% |
Digit 4 PIP — MMC SHE 25 & 24% 1 13% 1
Mo MEPMEE T see 2 a0 9% 1 1% 1
DIP — MCP SCHE S 14| 0% 1 %1
Digit 5 PIP - MMC SR X 2 4% 1 %1
Mo EPMEE ) see 2 a0 6% 1 9% 1
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ofst

n

irg

3719 HO A}

=
=
&= 37|42 power grip & Hat olE 24 o H

U O O

Handle design guideline ! handle design equation 7H2 0’8

Dimension & Z4o|
(mm) CHH|
&= 40| 185.53
0° 108.15 0.58
Digit 1 tip
to 6% 45° 123.34 0.66
MMC
point 90° 128.99 0.70

Handle design equation 0| A|
(0° handle grip= Z0[) =0.58 x (& Z0])

H"ﬁ“ -3 TSt T
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Discussion

O Power grip @& &4 protocol 7H'2

=
0|23t 3Kt power grip &4 =&

i=3
=
=3 A &4 protocol 7HE

v 3D scanner, casting material

'I-

v &5 2 8 power grip &4

v Power grip @& =45 ?I¢t hand landmark & &

Landmark

Otoform 2%

Grip XHHl 8%

"™ Mid-metacarpal point

« DIP: Distal interphalangeal
+ PIP: Proximal interphalangeal
« MCP: Metacarpophalangeal
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d Hand-handle interface &
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S2. Hand-Handle Interface: HH|, £H|, S2{|Z 0]

O Handle MEHE X%

—

A

v Z=7: digit 1 tip2t digit 2 DIP joint crease AFO| 2]
v LHH]: digit 22| DIP2} MMC pointS &2 2 810 fitting | = EHRIQ| Thas
v =22 Z0[: FH et HH|= ZFE EtHel g

Handle & A 21X} Hand-Handle Hand dimension
ZX| ChH L]
Mk 5 HES 2/HS )
R
|
'u.‘ e _
a.’. & a
|
e -

eI .

-| | aa’

=0|(£7)

<\D’l/_\
%:%2 DIP joint crease
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S2. Hand-Handle Interface: L{H|, 5£H|, & Z 0]

O Handle ™EHE XM= HH|(EFl BHR)= Tip-PIP joint AFO| HE2[2F FAFE

Tip

DIP

PIP
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S2. Hand-Handle Interface: 2 &
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