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Objective: The purposes of this experiment are an analysis of accuracy between
target force level and subjective rating for the Target Force Level and an analysis
of the patterns of subjective rating depending on target force level when there is no
feedback from males for analysis.

Background: The study of perceived exertion about the static contraction is processed
with using among the matching procedure method between contralateral limbs,
Exertion vs. Borg CR-10 scale and Exertion vs. %MVC (Maximum Voluntary Contraction).
However, when there is no feedback, there is lack of the study on whether the subject
can distinguish the subjective rating of the force depending on the target force levels.

Method: Total 30 males, healthy subjects are measured the maximum grip strength,
MVC, and then, each subject is measured the subjective rating and the accuracy
with the random target force level (10, 20, 30, 40, 50, 60, 70, 80, and 90% MVC).

Results: In the MVC study, males exerted 256.87N (+ 51.33). In the subjective rating
of grip strength increased for each Target Force Level (9 levels), higher subjective rating
evaluated (p<0.05). In accuracy examination between target force level and subjective
rating of grip strength by each %MVC, 10, 30, 40, 50, 70, 90% target force levels
showed accurate strength (p>0.05). However, at 20% target force level, the subjects
evaluated less subjective rating of grip strength than the target force (Underestimation),
and at 60% and 80% target force level, the subjects evaluated more subjective
rating of grip strength than the target force (Overestimation) (p<0.05).

Conclusion: In the experiment, the MVC showed 256.87N (+ 51.33) for the male
adults and as the subjective rating value increased for each Target Force Level (9 levels),
higher subjective rating evaluated (p<0.05). Moreover, the results of the accuracy
test between target forces and subjective rating of the subjects showed that most
participants rated a fairly accurate assessment of subjective rating of grip strength
for Target Force Level (9 levels), except for 20%, 60%, and 80%MVC.

Application: This experimental result would be used for basic data for the subjective
rating of grip strength pattern by the target force level when the voluntary muscle
is contracted.
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1. Introduction

M MA Qo 2/3= BHF 8A|ZH 0|4 ZIFOIM XS SABIHWHO, 1995), ATIHoZ 27 28 Q0 S| 2 &&= A

o LEAE9 E% 'i% Y Zreloe 275t dhe AHYoR oIt m|2 FH(Kumar, 1990) M Ittt Bl Z QI%t 2EZA HE
Of Ao 0|2 Qlsh T MAOAM A2k 29 5T AATH ST LMEICED SHEHWHO, 1995). 55| Btzoh & (o] s Ly &
ZE=4H A2 48%0]| ZSHH(Statistics Canada, 1991, 1994), O|2{$t ut=$t TIOZ Qlgl| Sl 234A Zee 02| o3| 9
SiMe AR L3sh 2o HFMoZ HAO0| s FEE ZAE(Subjective experience)ll TP O[sH7h RLO{OF ST} E3t O[]t Z0] A
Lolot 2of Cis FHECE 25 ZEE St AS 8 Xt2(Perceived exertion)0|2td FELt

O™} = AR QK|S & ~F0f sl ot £ ES LSt 2 X2 (Perceived exertion)| M3 A= A &0 M2}

bl

HAY FoN HItE S8 22lst 38 5Fse A2 EHQ HHQl Borg scaleO| QUCH Borg scale® BE 221
EAM(Self-repor)ZH =4 3 S ALBE|0] 2 BIt 7|-0|CkBorg, 1970). Borg scale2 AM&3l= A7t W2 F= &
scaleto| A0 CHDE EHE4S b =2 TAE|E=0|, Borg scale A 22 "Grip to scale” I} "Guided grip" WHOZ Lt =
QUL MEHM W2 "Grip-to-scale” WHOE HEHXtE LHXIOH Borg scale?| 200 siEdH= Verbal anchorE M&38H 2, LIEXI7}
2IX|3t Verbal anchor +=EEtE0| B2 23|st0] Hlwsl= BHHO|CKSpielholz, 2006). "Grip-to-scale"2 A& M8 A7 2£ Hampton
et al. (2014)2} Li and Yu (2011) 50| ULt Li and Yu (2011) 71| AL, Borg CR-10 scaleOi| (2 Z -2 H49| Handedness@t XFA|O]|
2 o3Hof s A5k, Borg CR-10 scale (2, 5, 7)01l si2sts &R =2 TS wU3lste d3S 2QICt

rot
o
=]

t Borg

0

"Grip to scale’ &Y gHnt ol MY HAtZ TIWE|E "Guided grip" WHO| AL, H&Xt= MY Target Force (Ex: 30%MVC)
£ MB35t 10 &33t= g L2 2, Borg CR-10 scales B7I5t0] H|wdh= YR O|CKSpielholz, 2006). "Guided grip"s AR M&
T2+ Borg CR-10 scales AFEOHY CHEIAMFZO| ChSH 28 X240l CHSH A77F A (Pincivero et al, 2000, 2003), 4% 2H10f A

£ Target force 20~90%MVCO]| s 23[3t 3lo] 2HE Zt0| X 20~90%MVCH| diEsls EHE Ziat YX|SIFU2 LtPincivero et al,

2000), =2 ATO|M Target force 20~60%MVCOIA L5t &o| BHE 0| AH 20~60%MVCO| SiEst= SHE 4ol Hjsh nta H
7He| A2 D (Pincivero et al, 2003), ot & Agl HHHZIO] @XbE H|WO| BL, "Grip to scale” WRO| "Guided grip"2Lt 2A20| & &
CHe o4 Zat7h ACKSpielholz, 2006).
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, L& AbX|(Contralateral limb)7+2| Matching procedure?t R{CHCafarelli, 1982; Jones and Hunter, 1983; McCloskey

W HHORE=, HE
et al, 1974). &8 FH2 Y AX|ZL 28 K42 86 SYet 2 LY &= U=X|of i AF2M, HA Reference limbOflA] Y
S Target forceTHE2| TS [t = Matching limbOilA St 2THE 22 Uelsh= BHO|CE d2{Lt Matching procedures LI AL

I-_II'I.I

o [=]
7t §50| ACk= AT Akt RUCKKoppelaar and Wells, 2005; Bao et al., 2009).

Neinf o= MAX7L TIRXO| A Target Force(Oll: 20, 40, 60, 80% MVQ)Y| diYst= B2 E2lsteE Q@NSHH LiYAts QXIS CHE
Of B2 UBISt] Target forcelt AK| 2U3(oH Blo| H0f Chet HO|CHKumar and Simmonds 1994; Kumar et al, 1994b, 1997; Jackson
et al, 2006). M3 HTZE Kumar et al. (1997)= Pinch, &3, Lifting2| &3] 2lof CHet Mete HIIE 3SHIULE Pinchet 242{9o| AL, Target
Force 40%MVCOIA F2it 2l2 st A2 M|Q|stL, 20%MVCOIA & Target forcedf| H|3H Overexertion2 2 H2|, 60, 80%MVCOA=

Target Force XLt Underestimation2.E H2|SIAU 2, Lifting0lA= 2E Target Force Level (20, 40, 60, 80%MVCs)0f|lA Overexertion2 2
LS ACL.

235 Ao SIS0 oot Chafol M W ME M3 A71SS HIEH Borg scaleg AMESI0] FHE 2R L= SHEZO| H|s)
LRt ojiHet EE UDSIU=AX|, &5 A2e Sl &Y ARX|ZHe| 3| @ H|uw, L|FXIt Target Forcedf M2t 2lg FE510] &
Y = A=X[0f i At ULt L3(oh Hoj| CHf mEXZF FHEHC R QIX|oH B2 Target ForceOl| 2t fET = AEX|0f Tf
oh A7 RSSO o = UTE 59|, A0 AR, iyt Ay 25 A it FRME 43S 0|83l= #EY0| 7|2HE ER
SICHGurram et al, 1993; Dubrowski and Carnahan, 2004). Z12{L} O|2{st ZHo) StZ0|A ZHARZL DEdt S8 XX o2 AMRSHOL 8t
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= Che HIEH0 =35 ZUS +WS= A0 2E2HA 2| Fa HRI0|HSilverstein et al, 1986; Moore and Garg, 1994), Mg Xz 2t
oM 22fet 2lof Cheh e Aol 2l8st=H 2 &S O™z 75t (Hampton et al, 2014), 2Ol 2 3! Z¢f 23} &
AE 9zt A7t 0|3

et = ge] 8oz E, 4ol HdS Yoz ofust n=Me HSSHA| gt
Target Force Level0f [z} & |

Level (MVQO)0fl 2t (st 4HS Y o
2. Method

2.1 Participants

S & 3080] HO[BIYCE TUBRI| T B& 922 ojgon, MY
2

(¢]
= oL Oo
= FH oM X5 HEoIAULE TRl 2N X4 5 ZitE Table 12+ ZLf.

Table 1. Participants' anthropometric data (Mean + SD)

Gender Male
Age (yn) 23+1.2
Height (cm) 175.6+5.7
Weight (kg) 734+113
Hand Length (mm) 185.8+6.8
Hand Width (mm) 82.1+34
Hand depth (mm) 29.6+2.8

2.2 Experimental design

MBS 93t SEUWSZ Target Force Level (10, 20, 30, 40, 50, 60, 70, 80, 90% MVCS)S MEBIICE 10 M2 FLss Hrf o
(Maximum Voluntary Contraction: MVC)Zt Target Force LevelOfl s{Z3t= %MVC & FEE BIK%MVC) 37|, Target Force Levelt i

g BMVCe| FHH BIK%MVC +F)2| F==2 MYSIAL

2.3 Apparatus

n>

SO0 A ot

2 4y , U4 2 F5| FY5H7| 28 Kim and Kong (2008)01 2Jsl ZHEHE, MFFM (Multi-Finger Force Measurement) system
2 A8SIRICHFigure 1, a). 4702 AW 2EHA2 oot ZHS /60| OkgREl SkgtX|2] 28 AFESIO] Calibrations =35I RACH
(R2 > 0.99).

ECAO| Lo 2MZ 23t 2M ZEE HFH A $0| AMRE|E Labview Program (National Instrument Labview
2012, Austin, Texas)E AMSIACH, 2t MMEREH SFE &712H50] 32 NI DAQmx-6259 THIE Soff Y| #ME(QACE =
ot &l M2 Target Force, W72 LHX}7} w[sh MA| < StRACHFigure 1, b). & A&0M= MVC B2 Sampling
rate 10HzZ TSI OM, XA 3X 04 YHSHA L3|ste gloz Folsto] x|A 3071 O|&te| HIO|E HREato= AHASIACt
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Figure 1. MFFM system (Left) and Labview program (Right, example: male 30% MVC))

2.4 Experimental procedure

MEol @A TIEASO| AN K4S SHSUOM, Ao SHT MR, FoAY SO AY BEE NI 2 470l A

M= ASHT (American Souety of Hand Therapists)0lA] ®[QtSH XEMIS AR SIRACHFigure 2). MVCE 2t THAF 2 3% 0|4 23] &3
2 | LIEH
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oUSE 75t Z, 97HX| Target Force LevelOll CHSIY] S22 =AM E +HSIAUCE LRt SHHO|| LIEF-H= Target ForceOl
o4 U3t =, oY ©of CHt FH ‘éiﬂ(%MVC)% AR YHFEE SIACHAE TH Al DFX7H L35t
2l HEE TIASIRS). OIE Ot oo 7+ & EtL
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2.5 Statistical analysis

Ao EA 2ME ol SPSS 180 (Lead Technologies, Inc, Chicago, USA)S AMHZSIRALE Target Force Level (%MVC)O| %MVCe| F=
| HIK%MVC =F)0f O|Xl= F&S mpfst7| /610 FOol+=F a=0050A YARLHEMANOVAS THSHAUCE Folst Zntof of
= HHOZE Tukey's Studentized Range (HSD)S +8SIRACE EF Target Force Level (MVO)IH TN HIK%MVC +F)°| H

=5 mtofsty| Qe YR ¢ AYS THSHULL

Job ot R T

3. Results

3.1 Maximum grip strength

-~
20

rlo

I—I-)\-Iol
0O o—

okl

o o3 A0 §e 25687+5INQE LIEFGHOH, MVCO| A|AZH 1515N, E|CHZES 34INQE U3[SISULY,
3.2 Subjective ratings (%MVC level) and accuracies for Target Force Level (%MVC)

Target Force Level (%MVQ)Q| S7t0f [HE FE HINRMVC &)= SAHSE Folot XI0|E ERALCHp<0.05). Tukey's Studentized
Range (HSD) Az - 24 4t Target Force Level (%MVC) 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80~90% MVC =2 &2 eS|
EI7H%MVC +=F)E LIEIH O H(p<0.05), 80~90%MVCHM= FAFSH FEE HIKN%MVC +=F)E LIEHATHp=0.743) (Figure 3).

Subjective rating
(% MVC)

100

; L
: | f

60
50 <L
40 <I— H H
G
30 F
E
20 D
@

10 B

A

0
10 20 30 40 50 60 70 80 90

Target Force Level (% MVC)

Figure 3. Subjective rating of grip strength by %MVC according to Target Force Level (%MVC)

YEE + AY S % Target Force Level (MVO)IF FEE HIHMVC =) F&= ZHH Z1l 20% Target Force LevelO|A Q| =2
X BIH%MVC $F)E Underestimation22 B7F5l % O 0(p<0.05), 60%, 80% Target Force Level|A{Q] F2HH BEIH%MVC +F)e
Overestimation2 2 B7t5%CHp<0.05). LIHX| Target Force Level (10%, 30%, 40%, 50%, 70%, 90%MVCs)O| A= Target Force {1t &2
S =2 BIHMVC +=F)2 BIISHACHFigure 4).
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Figure 4. Subjective rating of grip strength for Target Force Level (%MVC)

4. Discussion

Izl

XL L3loh Ao Dol =25 HIHE 7| fldl, 2 A7olM= EID| EMVO2Qt Target Force (BMVQ)O| diEst= 25 HIt
SHRALCY,

T

4.1 Subjective ratings (%MVC level) depending on Target Force Level

e
1
Ir

g
bl
rlo T

Xt oist MVC 578 2, TIHA MVCO| 23t Target Force2 R E 220] Chst A HILE SIUCh = A Zotof
240 2 Target Force Leveld FUA Itz SAH2E Folot AR LIEIRTHp<0.05). 80~90%MVCOIA SASH Bt
(p=0.743), Target Force LevelO| S7I0f 2t %MVCE F2H HIH%MVC +&)7t 7t LIEHL Ol 23 AtZfQ| o
JO|M 2 MY ZDtel QARSH AIE LIEHHCHJones, 1989; Pincivero et al, 2003; Li and Yu, 2011; Kumar et al, 1997;
|, 2014; Jackson et al, 2006). #1X], Borg CR-10 scale LevelS HIRXIOIA HA[SH =, i LevelOl TS &S L2I5l= "Grip
to scale” of CHSt M3l 70| AR Handedness(FH, HIF L) TEA| 22 ZH=ot M7 210| 25 Borg CR-10 scale LevelO] &
7tsto] wer 52 &8 2E| 5FRUCHp<0.0001) (Li and Yu, 2011). Matching procedureE S%+ & AtZt Ml A0 = Target ForceZ}
Z7t2tof e} Reference contractionZt Matching contraction 25 Z7t5t S04 (Cafarelli, 1982; Jones and Hunter;, 1983; McCloskey et
al, 1974), OHX|Zo2 MHHXI7} TIEXHO| A Target Force(Ofl: 20, 40, 60, 80%MVQ)0|l diEslE TS U3|SI=2 QXsIH mexts QlX|

39| 2lS YIS0 Target Forcelt HA| Yoot lo| HAEO| Ciol Hotdhe M ATl ZRUAM= Pinch, 23, LiftingdlM &
T Target Force LevelO| S71et0] Mzt 22 28 Lot M2tM OIREQ| D™AEE 25 A0 Ciet A70|M Target ForceOi| It

S [m]
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4.2 Accuracies of the subjective ratings (%MVC level) depending on the Target Force Level

2 AT2| Target Force Level (%BMVO)L FEA BIH%MVC =F) HEE| 42, 20, 60, 80%MVCH| it F2td B7t= 8AXCE |
OIgt Xt0|E ERALCHp<0.05). LIHX| Target Force Level (10%, 30%, 40%, 50%, 70%, 90% MVC)M| CHSHA &= Target Force Level (%MVC)1t

oH
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SAfsE FRE HIKMVC £F)E SIRUCE H2 52 20%MVC Target Force Leveldf| Cist F2M HIK%MVC 4=F)E Underestimation
OF Target Force Level2C} CHEE W2 HIIE SloH, HuX &2 52 60%, 80%MVC Target Force LevelOi| CHet F2H HI}
(%MVC F=F)= Overestimation2& Target Force Level2Ct CHEE =2 HIIE SRUCE M2tM Target Force Leveldt FEA Bt
(BMVC =F)2| A2, HluX M| 2 HHAE LIEHHCE Ol 7|E 23 A0 tieh M ApSat= OE A7 ZUE LEHRCE

o IT-— O™= Lo L=

MX, Borg CR-10 scale LevelE LIHXIO|A HAlSH 2, SHE Levelofl CHEH BE LRISt= "Grip to scale” H#E =0 CHsl Aot A7
9| 4L, Target Force Level (Borg CR-10: 2, 4, 6, 8)0{A] AX| Borg CR-10 scale2| 2~80f di=dl= 2l(20~80%MVC) ELf -E% 32 9y
SO, Target Force Level (WMVQO)E L3[3H =, EE|SH 2l0f| CHSH Borg CR-10 scale Level2 B7t5H= "Guided grip" S AMESHO]
CHEIAFEZ20]| CHEH HTLE ot M AT1o| AR, Target Force Level 20~60%MVCOIA AX| 20~60%MVCO] HE*ofé Borg CR-10
scale®| 2~60] H[dH 1t B7HUnderestimation) 3F CHPincivero et al, 2003). [}2tA], Target Force Level (MVQ)0]| [H2 FoHA HIt

= A

(%MVC $=&)9| He ot HDYN =30 75t L33t Eat Borg CR-10 scaleli| Cist AFOA HDE 2 Hot=S LIEH
O=F H0}, Borg CR-10 scaleOi| CHSH CalibrationO] HRg o= WZHEICt

HERZE DX H| Target Force Level(Cl: 20, 40, 60, 80%MVQ)0fl siFdts ofEe L2ot=S QFsIH L= QXS 2E| g
23|510] Target Force Levelll MK 3ot A={o| Mot & HItste ME A9l AR, Target Force 20%MVC 2| PeaktOflAl= Target
Force Level 2Lt &2 &S U] L[Sl 20(Overexertion), Target Force 60, 80%MVCO| Average Zt0IAlE Target Force Level 2Lt &2
g2 L35t ACHUnderestimation). BHHO| £ S1T0A = 20%MVCe| AL, Target Force Level 2L ItA H7HUnderestimation)st &2
O, 60, 80%MVCO| A& Target Force Level 2Lt DHCH H7HOverestimation)St =0, Ol= Target Force Leveldf| [t 2& Atz (Perceived
exertion)2| Z'=7t CI2LHE HAE ¥ 2= UL 0|2 S0 Target Force Level 20%MVCO| AL, 2 ARNAME B2 LE[ot = CHE 20| 1]
AP} Target Force 20%MVCELE S| HIISIROLE, 04%01|A1“ 0%MVCE UEls2t= HARS0| el 20%MVCELH Of &2
8l WISt ACHKumar et al, 1997). &, 20%MVCEL} B =2 Target ForceS MAISHH LHAI7F 20%MVCEID H7He Z40|H, M&xt
= 12 z
L]

XA Target Force 20%MVCEEL H2 §|°PEE SHSOFEF 20%MVC BCE H3|g HOE YZHEICE HiHO, Target

AXO
To=
H

rulo r|

=13
Force 60, 80%MVCe| &2, = AF0M= &2 Yoot = WRE2| LHX7} Target Force 60, 80%MVCELE =H FIRIAOLY, A A
L

=
TolAE 60, 80% MVCE L3lstal= ARl Chsl 60, 80%MVCELH H 2 #2 LISt ACHKumar et al, 1997). Ol R2 =&
9| 20%MVC Target Force@t 22| 60, 80%MVCEL O =2 Target ForceE MAISHH LIEXI7} 60, 80%MVCELD H7Fet Z40|0, Target
Force 60, 80%MVCEL} O =2 Target ForceS 23Ot 60, 80%MVC B = 23|t Zi0[2tn MZIEICE Math, B 59| Target
ForceOlAE AF| 233t slRCt W2 oz QK|S0 £2 59| Target ForcedME AA| &3|st HECt £2 3oz QIX[sicte A

2 % 5 ok
5. Conclusions

AFoME FH2 2o cistal ATh AHMVOS ZF38ID, Target Force Level (MVQO]| 2 F2AE HIIE H|w 2M3IQCE o
Zn FHe 2Y2 256.87+5INCE UB[SIF O, Target Force Level (%MVQ)2| S710]| M2 -’FEPS*. Hote 8AXCE Rolot X
EACHp<0.05). Target Force Level (%MVC) 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80~90%MVC == FEN HIK%BMVC TS o}
OD(p<0.05), 80~90%MVCOIME= A FEE HIH%MVC +=F)E SIRACL EPF Target Force Leve|01| Chot a8 HIK%MVC 5=
F)o| Mt AX AL} 20%MVCHA] kA BIHUnderestimate), 60, 80%MVCH Al tCH BE7HOverestimate)et 242 M 2/8t LMK Target
Force Level (10, 30, 40, 50, 70, 90%MVQ)MIM= FEE H7H%MVC =F)2 Target Force %40| LXISIRALY. Target Force Levelf [HE
& HIHeMVC =&)0f Ciot EHE Sof, MZEY X dab oM T=stA oS AH8SH= HYU2E %t 2524H Het 01I“* %
ofHo| & 2ol UAE QI3 73l 7102 2Rl &St 71X X vt & AR J|thElCh FE AFoME dEol mat
3]

%
X W71} OjSt ES LIERLFER|Of O3t G0t EeY oa Mzt

£Q M 4 rio

L=
Target Force Level0i| Cist 3

e
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