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Correlation analysis of finger movements
in dynamic hand grasping
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ABSTRACT

As human movements have the inherent property of anticipating target and can be
coordinated to realize a given schedule, finger movements have stereotyped patterns during
hand grasping. Finger movements have been studied in the past to find out the coordination
pattern of hand joint angular movement. These studies analyzed only a few finger joints for
a limited number of hand postures. This study investigated fourteen joint angles during eight
hand-grasping motions to analyze the angular correlations between finger joints and to
suggest motion factors which represent hand grasping. Hand grasping motions including
forward arm motion were examined in ten healthy volunteers. Eight objects were used to
represent real hand grasping tasks. CyberGlove™ and Fastrack™ measured hand joint
angles and wrist origin. Joint angle correlations between PIJ(proximal interphalangeal joint)
and MPJ(metacarpophalangeal joint) at one finger, between neighboring PIJs and MPJs were
analyzed for each hand-grasping phase and posture. Factor analysis showed that there were
four factors related to the fast phase of hand grasping motions and eight factors related to

the slow phase of hand grasping motions.
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& A (Thickness) 2.99 0.296 3.5 2.7
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Metacarpophalangeal
Joint (MPD)
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Five-finger pinch
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Palmar pinch(2 point)
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Disc grip Tip pinch(2 point)

Pen grip Mouse grip

{28 3] A¥e &7 XIM|(Makenzie et al., 1994)

Tip Lateral Pen Mouse

Five-finger pinch

Disc grip Spherical grip  Palmar pinch
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1 2

'TM, [TD], ID RD PD. ITI IM IP MM MP RM RP PM PP

|TM TI. TD. ID RD PD|, IM IP MM MP RM RP PM PP

W
i

TM TI. [TD| ID, RD PD IM IP MM MP RM RP PM PP

[TDl ID RD PD. RP PP, [TM TI IM IP MM MP RM PM|

[TM TA, [T1, ID RD PD IM IP MM MP RM RP PM PP

[TD,ID RD PD, [TM TI IM [P MM MP RM RP PM PP

DD | DN | NN

TM TI, TD. ID RD PD IM IP MM MP RM RP PM PP

3]

[TD| [TM TI ID RD PD IM IP MM MP RM RP PM PP

[Yo RN ENe BN IR N IR > BN S1 B IVoN B VR W)

TM TI. TD, 1D, RD PD IM IP MM MP RM RP PM PP|

—

W | (DD W W | W b d b

10 2

'TM TI. TD. ID RD PD IM IP MM MP RM PM PM PP

Index, III: Middle. IV: Ring, V: Pinkie)

(#3. TI: Thumb IPJ, TD: I-II Deviation, IM: Index MPJ, IP: Index PIJ, ID: II-III
Deviation, MM: Middle MPJ, MP: Middle PI1J, RM: Ring MPJ, RP: Ring PIJ, RD:
[TI-IV Deviation, PM: Pinkie MPJ, PP: Pinkie P1J, PD: IV-V Deviation, I: Thumb, II:

HE 2) #2). 94322 & 34 0§
3 A3t 93T e 22 3RS
4 g Qo 91H, g9l MPJ(TM) 9+ =19
IPJ(TD 7} & 25 &3he A5 dA 4
#2e] 70%°lx, @A MPJ(IM), AA 9
PIJ(IP), A9 MPJ(MM), A< PLJ
(MP), <¥x1e] MPJ(RM), 2%#|9] PIJ(RP),
aA9] MPJ(PM) z8lz &9 PLJ(PP)7}
3 259 ASE A9 90%E AR sH o,
Azle] MPJ WeA(TD)% & 189 A%
AAe 90%Ah. £, A, %*x] zgn
#9] MPJ WeA(ID, RD, PD)e] & 1&

s
P

e b

ASE AA9 90%°lx, AA, <A ayz
Aol MPJ WA(ID, RD, PD)# #A2]
MPJ(IM), ZAel PIJIP), A9 MPJ
(MM). $x19] PIJ(MP), 229} MPJ(RM),
k29l PIJ(RP), &X¢] MPJ(PM) 81
&29] PLJ(PP)7} 3 289 Z$e AAg
60%0°l 2t o9 AzolA W thA o
A g (28 8)3 o] &9 BFe AA 4
9 24 9L - F2HTM, TD, gA9 A
2 Wd F2HTD), A& A oA o
&7t F4 2 AA(M, 1P, MM, MP,
RM. RP, PM, PP), 221 o] U] &7teke
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i P Oe (F 3] nd dAclNe F4E 24
T ';g‘g:g f,"-s '!@' ou 289 ZAzjelt}
1 Y =} ° o AR} 3-4 7he] A
2 ¥ o 9! 2 Py o} JJ\MIAH AL A4E8a 34 M9 A
! Deviation oz AYE 4 Jey, aFre 6-9 MK
‘afa ; TH(E 3) #2). =8 A9 3549 2
£9 Ass 59 WA, Z4A, oA 2glm &
L. 212l MPJ WA (ID, RD, PD)o} & 25
. &3 497t AAL 90%. AA. 34 122
""" T |a okx|o] MPJ(IM, MM, RM)7} & 189 7
= AAY 60%, FA, 4A agln &9
(3" 8] wEcHHel %0l PIJ7t 3 189 AS+= 70%{(MP, RP, PP),
(E 3=2 chiel A8 B2 dof
((Jel 3t a8)
A2} | B (Factor) ¢ | 18 a8 4%
1 2 9 ||TM. [TL D, [P, ID RD PD| IM MM RM, [MP RP. PM, [PP|
2 4 6 | TM, [TIl TD, M ID RD PD| [P MM MP RM RP PP, [PM
3 3 8 |[TM. TL TD. ID RD PD IM MM RM, [P MP, RP, [PP,
4 4 8 | TM, [TI. TD] ID RD PD| IM MM RM, [IP, MP RP} [PP,
5 4 8 |[TM, [T, TA| ID. RD PD,[IM MM RM, [IPl MP RP, PP, [PM
6 3 8 |[TM. [TT} [TA. [ID. RD PD, IM MM RM, IP. MP RP] [PP| PM
7 3 6 |[TM.[TL [TA} ID RD PD IM MM RM, [P MP RP PP, PM
8 3 6 |[T1, [TD] [TM RD PD, IM 1A, [P MM MP RM RP PP, [PM]
9 4 9 |[TM. TI. TD. ID RD PDi [[P MP} IM RP, MM RM|, (PPl PM
10 4 3 ||TM, [TL, TD, ID RD PD. [IM IP. MM MP RP PP, RM PM
(%3, TI: Thumb IPJ, TD: I-II Deviation, IM: Index MPJ, IP: Index PLJ, ID: II-III
Deviation, MM: Middle MPJ, MP: Middle PIJ, RM: Ring MPJ, RP: Ring PlJ, RD:
III-IV Deviation, PM: Pinkie MPJ, PP: Pinkie PLJ, PD: IV-V Deviation, I: Thumb, II:
Index, III: Middle, IV: Ring, V: Pinkie)
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8 9 g g” ll;t:lam:m

; W
:' @ Group2
Group3
Group4
Group5

Group6

/ ©

4. Eo| A W=
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AZ 721, 48 P02 Po] YL ¢ F

Aok, ol & AT AR R W) F
Ao Vbt g9 wEEL JUnA &9
#HAe H¥H B2 AL sleE B 4 A
th Ax9 PIJ9} MPJE Z€ AE AAolA
e 2 AREA BEda, 94X MPJ9 o
& &rteel MPJ9 B3 dadAde Zen,
Axlel MPJ WA Uoiz] &71gke] MPJ
Ul dat F2F FEdArr i 123, me
QAN Ol E7kgol EAlst AHdte A
(Spherical grip, Disc grip. Mouse grip)<
A=l AAwte] EAet Hstbe AA|(Tip
pinch, Palmar pinch, Lateral pinch, Pen
grip)= A9 A9l MPJ WA #Ae A

(2]

B ARE 7IEoE weEE B § A
A AT 24 HEFste FHAAM HA

o} xe] MPJ WA F2 daddA7} @A
Ueldt. Five-finger pinche Bl £71gto]
B FEFshe AALd= A9 Al
MPJ Wl 2aAs7E @ttt ol wE o
AlolM Five-finger pinche YA A7} &
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Aot HEshe A Atelst Qe Uehdt
1 E g Y 2w wE dAdMe dA%
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wet g B uUnA g2 ZEaddM 24
d Aol glvkn T F o

= N e & &7 PIIS MPJRY

FEFAE RE AN Ekn, A7
Zrof W& zto]7h AU ol ks &7t
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