TITLE: Evaluation of the contributions of individual finger forces in various submaximal grip force

exertion levels

ABSTRACT

Objective: The aim of this study is to evaluate contributions of individual finger forces associate with

various levels of submaximal voluntary contraction tasks.

Background: Although many researches for individual finger force have been conducted, most of studies
mainly focus on the maximal voluntary contraction. However, Information concerning individual finger
forces during submaximal voluntary contraction is also very important for developing biomechanical
models and for designing hand tools, work equipment, hand prostheses and robotic hands. Due to these
reasons, study of contribution of individual finger force in submaximal grip force exertions should be fully

considered.

Method: A total of 60 healthy adults without any musculoskeletal disorders in the upper arms participated
in this study. The young group (23.7yrs) consisted of 30 healthy adults (15 males and 15 females), and the
elderly group (75.2yrs) was also composed of 30 participants (15 males and 15 females). A multi-Finger
Force Measurement (MFFM) System developed by Kong and Kim (2008) was applied to measure total grip
strength and individual finger force. The participants were asked to exert a grip force attempting to
minimize the difference between the target force and their exerted force for eight different target forces (5,
15, 25, 35, 45, 55, 65, and 75% MVCs). The order of these target forces based on the maximum voluntary

contraction which were obtained from each participant was randomly assigned in this study.

Results: The contributions of middle and ring fingers to the total grip force represented an increasing trend
as the target force level increased. On the other hands, the contributions of index and little fingers showed
a decreasing trend as the target force level increased. In particularly, Index finger exerted the largest
contribution to the total grip force followed by middle, ring and little finger in case of the smallest target
force level (5% MVC), whereas middle finger showed the largest contribution followed by ring, index and

little fingers at the largest target force levels (65 and 75% MVCs).

Conclusion: Each individual finger showed a different contribution pattern to the gripping force exertion.
As the target force level increase from 5 to 75% MVC, the contributions of middle and ring fingers showed
increasing trends, whereas the contributions of index and little fingers represented a decreasing trend in
this study.

Application: The results of this study can be useful information when designing robotic hands, hand tools

and work equipment. Such information would be also useful when evaluating abnormal hand functions.
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1. Introduction
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1985).

olof et &7t Z[0{z0f CHeh 2 AHFSO| TAEO oll FEES AFE2
xloqets waAle] 7|0 =0 CHEE MIE0|0 (Ohtsuki, 1981; Talsania and Kozin, 1998; Kong and
Lowe, 2005; ZCH2IM S8, 2008; Kong et al, 2008; Lee et al, 2009; Kong et al, 2011)

Z|CHS2 = (Submaximal voluntary contraction) Z3A[Q] &7t2F 7|40 CHot A= BO|
E=SICt o0 Agoh HEQE 20|, X2 WAl &7t 7|0z Al Z23 ALRIKN0|7|=

Z|CHot RO X|CHS2 2O 3|7t L BIHSICHD & == QACE #0H OfL|2}
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Radwin et al (1992)2] Ml =&F2| & (10, 20, 30% MVCs) ZE|A|0] &7t2F ¥ 7|0 =0f 2ot
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It &2 AF0A = ot StAEE EAStaXt & 8 =& (5, 15, 25, 35, 45, 55, 65, 75%
MVCs)e| B8 =EEHsZ2 MFE5I0 deg ASIACE & AR = Chet x|ofst2d 2
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CHASE =F2| %MVCs Of M2p 2t &7t2ko] 7|0d&e Ko7k US Z0|2t= 7Pgsto| MRS
+HWSHALCE
2. Methods

2.1 Participants
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Table 1. Anthropometric data of participants

elderly group young group
mean SD mean S.D.
age [yr] 75.2 6.1 23.7 2.1
weight [kg] 58.5 8.9 65.4 135
height [cm] 156.2 7.8 170.3 8.9
arm length [cm] 514 5.0 55.5 3.3
upper-arm length [cm] 325 2.3 348 1.9
Lower-arm length [cm] 25.2 1.5 26.0 3.6
upper-arm circumference [cm] 289 3.1 29.8 42
elbow circumference [cm] 273 2.3 26.9 2.8
wrist circumference [cm] 16.3 1.1 154 0.9
hand length [cm] 17.3 0.9 17.5 1.0
hand width [cm] 8.0 0.6 7.7 0.6
hand thickness [cm] 29 0.3 2.7 0.3

2.2 Measurement System

= A0 F oo &=k d A8 =E5H7| fISiAM MFEM(Multi-Finger  Force
Measurement) System 2 AFESHRACH (ACHTat 38, 2008). 4 712 4 =E (Miniature
Load cell, Honeywell Model 13)& 2f &7I&0| OiX|E= F20| &USH &7i5F & ¢
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Figure 1. MFFM (Multi-Finger Force Measurement) System



2.3 Experimental Design

Target ForceOf| hE &7HEF 7| o] XIO|E HEHEZ| 25t0, YHT A= (Target Force)2
10X &t |FXISt= Tracking TaskE +SHRULH [Figure 2]. Target Force Level2 Z& LA &X}o)
IhYHE 7|Ee2 242t MYSIQCH SE#HSZE £712 (Index, Middle, Ring, Little), Target
Force (5, 15, 25, 35, 45, 55, 65, 75% MVCs), ¥ & (DX, H2 ¢d), d¥ (od, §4)2 885t
Ry, SHrEs 4 &7 8 7|02 (%)7F AEEUCE &7t E 7| == <equation 1>
ot 20| ALE| ALt

£ % HO|EH+& SPSS 18.0 (Lead Technologies, Inc, Chicago, USA)2 AtE30 2oLt
SEES0 OiX= A, g9, &7t 30| et 2nE nhefstr| 2[5t |ol+F o=0.0501A
=Lt A

4 (ANOVA)E +dotel, wolgt =t0] et AM=HY22= Tukey's Studentized

o individual finger force .
Contribution(%) = X 100 coeeeeeeeeeeen < equation1 >

total grip force
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Figure 2. Structure of a tracking task system

2.4 Experimental Procedures
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2 2N HEXRFTZ HASILH, StZBUE HIXSH| fI5t6 4ol &=ME
TIHSHRACt e FFYSE 0ot &9| HEE %A 6t trial 7F 3 22 JAA|HES
MSSHACE (Trossman and Li, 1989)
3. Results

Table 2. ANOVA on finger contribution

& A= Heg YoHE F 7ol=E
Gender 1 18.0 18.0 16 .688
Finger 3 1378601.3 459533.8 4115.63 .000
Age 1 154.2 154.2 138 240
Target 7 975.3 139.3 1.25 272
Gender * Finger 3 36880.6 122935 110.10 .000
Gender * Age 1 9 9 .01 .930
Gender * Target 7 2054 293 .26 .968
Finger * Age 3 7884.8 2628.3 23.54 .000
Finger * Target 21 98111.7 4672.0 41.84 .000
Age * Target 7 99.5 14.2 13 .996
Gender * Finger * Age 3 4058.7 13529 12.12 .000
Gender * Finger * Target 21 5436.9 258.9 2.32 .001
Gender * Age * Target 7 58.1 8.3 .07 .999
Finger * Age * Target 21 11296.7 5379 4.82 .000
Gender * Finger * Age * Target 21 1745.7 83.1 75 790

Kt 15031 1678297.3 117

A 15159 | 12925780.0

3.1. Contributions of Individual Finger Forces

2t &7t Zdsts Eel JIEEs &7ME 22 SAHLE /oot AojE 2o HHE,
(p<0.001) 1t LIO|= SAML=Z FolSHA| RURUCE Ao =, HEO[L} LIo[oj| 27§10
S 707t 364% =2 7t =2 1 CES22s AX (29.0%)° 2 7|6=7 3
LIEFRICE &K (102%)° 2 7|0Es X2 (252%)C 7|0=EL} SAH{2Z RSH A
LEEFSECE [Figure 3].

718 8 Z|o=of Cist dgur 2 &7tEel WS XHE Lot SAHLZ R{oIT
(p<0.001). O3 g3t EHgol &7t&9 7|0ko| 37| 2F SX-GA-AHX-2X| #2222 Y
oLt dRlet X9 V[HEoME 7ol XHO|S LIEHMLE 08 (31.6%)2 8%, Ed (26.4%)
of sk AXQ 7|0=7t Yoz A LIELRCE ofdel 3% HX|t X9 7|0{= XO[7}
3.8%p0f XX, Hd2 B 10.8%p= XtO|7t FEZ XA LIEFRCE [Table 3 & Figure 3]

Table 3. Contributions of individual finger force for gender

Index Middle Ring Little
Female 31.6% 35.4% 24.7% 8.4%
Male 26.4% 37.2% 25.0% 11.4%
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Figure 3. Contributions of individual finger force to the total grip force

3.2. Trends of Individual Finger Force for Various Target Force Levels

#7tet ¥ 7|00 =0f CH$t Target Force Levelll £7t20| S22 SAHNOZ FO|sIFLCt
(p<0.001). EAZ1t0f o5}, 7H& EH2 Target Force Level (5% MVQ)UAME AX|-BX|-2FX|-&
X &9 7|0 & HQl HtH 15%~55% MVCO|IM= SX|-ZX[-AX[-2X| 2| 7|0{=& HIUC
LSt 2 Target Force Level (65 & 75% MVCO)OA = SX|-UX|-AX|-AX| &=2| 7|0l=& 2Lt
J2E 2, Target Force LevelO] HEFF FX|Q 2AX|Q] 7|= FHE AHRB M, dttjz HX[Q|
710 2= ZASHRULH [Figure 4].
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Figure 4. Trends of individual finger force contributions for target force levels

=7t 8 7|0 0f CHS Target Force Leveldt &7t2f0| mo &2 Q10| M2t Folgh X}
0|2 ERICt (p<0.001). DHXO| AL, 55% MVC O|42| Target Force LevelOfl A= ZX|ELCt X
O 7|0 =7t & IAA LtEFESLL [Figure 5, left], &2 Al 42, ZE Target Force LevelO| A
AXe 7|7t AX|9 7| =L} 2 HYS LIEHHCE [Figure 5, right].
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Figure 5. Interaction effects of individual finger and target force level (left: elderly; right: young)

4. Discussion
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22t oA, LR[St 4ol ZAT|of et &7t
7HQ| Target Force Level Off Ci2t Tracking Task & & SHSILCt
=4 2, & 2 7 KoM 364%2 7t IA LIEHHLD AX[9 |0k
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o
2BS9l Etts A2 Qojstotn g = ot M2t H80] F2 M3t 372 4% X2
AMEE 1St CAHQISHE 20| HigEe A2z AR EL

ARt AX[O] 7|0EZ= Target Force Level O] HESE ZASIFOH FX|Q AX|&
Fox

Stete M2 it dgES HERILE ZElSHAE, I A2 Target Force Level (5%

MVQO) O A= ZHX|-ZX[-2X|[-AX| =9 7|=E EQl ¥H 15 ~ 55% MVCs 2F &2 T7t 22
2ol Mol= FXQ 7|07t BII5 FZX[-HKX|-AX|-AX| =2 Y2 EJLCL F, 15%

4
MVC 29| Target Force Level OlA X2t FX|o d&0] uNEASS & = U=Hl
Z[CHSH2E (10, 20, 30% MVCs) H2[AQ] 7|0E=E ATFSH Radwin et al. (1992)2| Zutet
FASHRACE Radwin et al (1992)2] A0 O[SHH It 22 10% MVC & Z2(g o=

Aol At |/ARSHA AXQl ZI0E=7t FX|Q| J|ojzECt FH, AHAX|-FX|-AX|-LX| =2
g2 B2, 20% MVC 2 30% MVC OlM= SX|Q| 7[0l=7t HX|Q| 7[0=E HO, &

AX|-2AX|-2X| =9 7|z FES =0, 2 AFO 15~55% MVC OA =l 7|0{= Zutet
FAtsH 4ekg EQICH O™ 22 2 Target Force Level (65 2t 75% MVQ)OlAM &= X7t AHX|9
71028 XY FX|-LX-AX|-aX| 2| 7|0EE EJ=0H, Ol ZCHZH LAl &9



J|0EE elpet 7|Z0 AR ZWEST KA ZHolD B 4 ATt (ACED 87, 2008
Kong and Lowe, 2005; Kong et al, 2008; Kong et al, 2011; Lee et al, 2009; Ohtsuki, 1981; Talsania
and Kozin, 1998). = 7 ZIt0f| of3ff, 2 &2 L2ots dR0= S YX7t S8t g
ot, dAlet X0 AXI7F A #oeitts AE RFHE &= US AOICh

Z=IFEf0 Target Force Level M@ZE2 AHHO| Mzt MZ CHE 28 EIUCh 1HXS
4 55% MVC O|4o| F Target Force Level O|A ZX|ELCH X[ 7|0§ =7t O A LIEFRICH
dejut H2 A™HO| AP ZE Target Force Level O|A ZHX|Q 7|0{E=7} AX|ECH 2 HE2
2O 2 H™O| ZL Target Force Level Of 2t 7|045°| okt AX| ?af% oM, J-E A=
Target Force Level Of Mzt 7|0{= 0| CtEN £F|, 2 &S & - £
oot A2 o = ALK

Target Force Level Of ME &7t2tol 7|0z HE D2fdtCt®, MUstu 22 &2
LU2sioF ot= BR0= AX|Q 22X AHBS fIT =37 A7 HEY Aozt o dkH,
65% MVC O|&o| HIWX Z g LPot= HYUS FR JXA AXe AES FEHoEZ
13 =37 AA 7 O|ROfMop & ZAO|Lt. = HFe| Ayt ATLIEHQl =37 AA0f
HHEE0] =32 Qlot Aty 254 Zeol ofgtn HgHyel a8do =30 &2

7| CHetLf.
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