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Effects of Wrist Position on Electromyographic Activities of
Flexor Digitorum Superficials and Extensor Digitorum
during Drilling and Pinch Grip
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ABSTRACT

The purpose of this study was to investigate influence of wrist position on the electromyographic(EMG) activities of the
flexor digitorum superficialis (FDS) and extensor digitorum (ED) during drilling and pinch grip. Eighteen healthy subjects
had been recruited and each subject performed two tasks (drilling and pinch grip) at three different wrist positions (30°
flexion, neutral, 30° extension). The EMG amplitude of each muscle was normalized to the amplitude during the maximal
voluntary contraction (MVC). Repeated one-way ANOVA was used to compare the differences of EMG across wrist
positions. The FDS EMG activities in both drilling and pinch grip were the lowest at 30° wrist extension and the highest at
30° wrist flexion. The ED EMG activity was lowest when the wrist was neutral in both tasks. From the results of this study,
we can conclude that the desirable wrist positions for drilling and pinch grip tasks are slightly extended or neutral position.
Therefore, flexed wrist position should be avoided to reduce the excessive work load on the finger muscles during the tasks.
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28 FNS - Holed - HLE - 015 KEABISZ
A7F S0t (Putz—Anderson, 1988). o]¢} 2 sjgd et  Hol A= FIdTdrolv dddds g2 Agudd
HAZE w2 28 Yol v]Al (microtrauma) ©] Y SEAA Ago] BAYEA Hrt

sl =H, o]Flo] FA S Ao A oA A Ag ko] ApA| oJA] &3 TR Yol B2 S v|Hth

o2 s "k

A E gol ARgsHE ZdAtelA 2 YR Zd
AA A7) A#o 2+ A4 (tendinitis), ST
(carpal tunnel syndrome), £’d3}<3 (lateral epicondylitis)

5o ot FEASI L S (carpal tunnel) W

4174 (median nerve)©] §uhS Wo} o] A1) Al W=
<559 vh e} A 5ol (motor disorder) 9F 7H7HE
ol WAl He AgS B9tk FEAsITs st
£ Q1o mE dabdel (P, AR, o AeA
FE(FAleld 517) & o o] lovt FAEE &5
ApAloll A o] Fgfolnt ZHgh ofy TEa ke 5 FA Y
9 AYA eAEE Fad Ao w dejA vt

=

(Armstrong and Chaffin, 1987).

TS F2 I ulE 9] v B A5y 5=
= T Ao w &5 gk 2pAeh AFtE o] o]
WSl ®ot(Price, 1982). o213t a2 53] 23
ZE H(extension) JE]olA A (forearm) S HHEA S
3 (pronation), 3] %] (supination) A17]= F2He & o
AEo] o= At E Qok(Viikari—Juntura, 1997).

dntgoz Z S FQ7 = A Al BE 9]
A7l (power grip) & %ol a4, ZH=77F A A&
she =47 &8 "ol |X] 7] (pinch grip) & FE &
CHImrhan, 1991). o]2]gh H7]12{] Al &52] 2pAlls A
I EEIS B2 S FoHO Sullivan and Gallwey,
2002). &50] FH AAlA Hojd AJejelA A&H o
2 AYS A HW Al 2850 AGH 0" A
EYAE ¥ @tk (Kapandji, 1982). Hagg and Milerad
(1997) ] A7-ellA 184 A7 |AYE she B9t 553
Z(flexor) ¥ B (extensor) & & FAHEES ZHs] 2 4
I g oM HeA F27t o ok Asat 2HE
oA gk K3} Ao tist ATt E Ake] w3l B
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o} HtollA] A HsF Aol o] =8kt (Hagg and Milerad,

1997). oA A= 54 Al 7138 A (tendon) o
o dojih= £513 B0 tigt vl g o EEHD
o] gdsle] ool mE dolw (Snijders et al., 1987),
E5EIo]l 7] T2 Al @ 8] A& (initiator) € &
gk ohugt FAlel =5 B HYg Aol e oEs
= 259 gttt (Bober et al., 1982).

Lol &5o] T AAA BlojuAl HW &2 oy
(grip force)©] 7438 H:=t|(Imrhan, 1991; Lamoreaux
and Hoffer, 1995), o]¥ AAE &S A% §-X5H
W gt IS w3 da H=sA SES AR

9] #17] & (power grip force) ¥ #X] 7] & (pinch
grip force)& ¢ 3)9] (forearm supination) Aloll= =7}
FAY A3 glov(Agresti and Finlay, 1986) A+ 3
Ul (forearm pronation) Aol 7484 vt (Marley and
Wehrman, 1992). Richards (1996) 59 Ao -x A¢k
3 Al S-S 7] 3ol Aol T AAY el 58] =
AL wel] B]3) oFslthe AHE HolF3ith

71E ATFES FE V] s o Bl &5 A

o) Aol we g = P ot e Sgeke

3
e adHow F] i b AR
ohlzt £Bg Ae wRERze e %

(Maier and Hepp—Reymond, 1995), =d&jo|u} 5712k
A Al EF9] Aol e E7re 252 F ke st
A7 desith weba o] AFteAeE EEAAE A&
Q) A £% Ao W e ErleEaet ke
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(N=18)
ARkA 54 Pt mF= @A
Lol (A 25.7t4.3
A% (em) 171.3%£7.3
AF (kg) 65.2+12.8
&t Aol (em) 17.9%1.1
<8k UH] (em) 8.812.7
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System Inc., CA, USA.) 2} Bagnoli System (Delsys Inc.,
Boston, MA, USA) & ARE-38FaL &2 &7t &
7R 2% AsE 5437 98 DE-3.1°]%F A}

S (double differential) %™ ZHE A= 2719} A A=

(ground electrode) = ARSI TE A5 A=Fol= 2 1mm,

Zo] 10mme] =2 =l 3717F 10mm 3HE o= eks] uj
Ao} glom, & & F e &Y F (active electrode),
7484 = 7|E M (reference electrode) 0.2 &}o]
olF A5 Yol AAFHAUTE MP100oA Yxd Als 2
Agd 27) Qg T THE ATE HAE AFE A

Acgknowledge 3.72 (BIOPAC System Inc. Santa Barbara,

USA) &ZESJOE o]&3te] = A=ty 8%
A5 ERFZFL 1024HzE At Fu¢ gofZe
20~450Hz¢} 60Hz =AEHE AHgEaRlch. =H2d3)
A2 Al 4259 2HE A1FE RMS (root mean
square) Aglsto] &4 33T

222 12| e

caAds 47149 B AR e S4B
Ao welel QRS A3 AT AdEEAS AP

pinch gauge) & AM238l3t) €2 7102 24317 93] =
747 (goniometer) 2 Abgatgl o], &=gzkels 98 1t
2] A7) (power grip) & 2+¢lo] 7538t

% =9 Black & Decker) S AH2-3F

2.3 YUY
231 2NE M= 2E&

o =712k (Flexor Dititorum Superficialis) ¥ £
7FeFE 2 (Extensor Digitorum) 9] & ZAHES =431 9
g 7} 259 A5 HE 29E AR A At
(Cram et al., 1998) (& 2). A9 H95 Fxste] wiE
22 HAAF(Manual muscle testing: MMT) 2] FHtf Z4%
Al FBlo] BolE i (belly) ol % A= Fa BE
HEFAoZ TN B L Alse uigt 953

= A2V Sl A R9E 7R AFER 3~43] 24

H
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. 2WE B30 25Y P4 9K

e ElEYE  BEALEOA

LHEA A &
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L7 €] 3/45 = A7
7k €] 3/4= AA

1

217} e] ik =AY A3 Y-S sl
7 &4 25 o7l= ¢4 (abduction) Al713L S8
Aol yets] 2l Aeelr] ZEAE 90°2 FA|shHA
Al 71 B8 Aol A 2E AABHES SHTtHIE 1.
TR ks THORE FASIAL Al 7HA] &5 2FA
(30° W@, F%, 30" WM =84S Ax S vk
2 SeE SlGlvh &E ofdells UA ) SAVE ¥
o} bkgl & AAE FAA] & Fo| EHAYE EF
3k, 1 AHE 6x27F fAIBEESE SiithH(2d 2). A7I&
2 deks 3Uld (pronation) A1 el Al 71| &5
AA(30° w9, 59, 30° Bl whe} 9, AA, FAZ

A @ 715 AL Ae 8 2k SEEE & 5

o
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J3 3. MZEA &5 XAolM el ETIAY:
A £, B. =8, C.H

ARS AFE] Aol A B2 AFE 4 S &
PES @ F Auel] Y ASE ol Anw wd 7]
B R4S 5 AES AFAA B E AN 2
S G 30230 FAAGE T, £ AN v
welc 287 FAE ASES Tk &5 A A
PR APIUT FAH Aol 30 T BYES
=4sto] 1 Btk Mg

=AY I Al B Ao whE e BTk
o EFEFEES & 3RS vwsh] st v S
Y 2Ql a4 (one—way repeated ANOVA) = A&
o, 292y 4744 Bonferroni's correction) && A}
AEksleh AR fed-& A8 flste] e+ 0.05
stlom A5e] SAAMYE 8 A8 TAZEIHA
Y58 SPSS(statistical Package for the Social Sciences)
12.0 T2 1388 A3 T

o oo

E

=1

[¢]

o3
AR
1=}
R

R Ao

3. &1}

3.1 SR Al 22 XM ME 2 BT

02Q) FAREAS o] §3te] E2 Ao wE
5 ASHS 38 4%, Sk A 7 2

&% Aol whet folg 2jolvt glgict

(p<0.05). && Erpetwale] & YEE £52 30°
#3531 ZHAlelA 2 BAE7F 38.50%MVCE 7H =9k,

FTHAA 223 £5E 307 B A o w2 T 8
EE HTh &P 2 BYEE £58 307 A

oA 36.29%MVCE 7F¢ =9k, 30° #3444 181 &
H A o2 v L 4TS B
EARY ARAA Ay, 2 &R & SR
|

= 30° w3l ZHA9 30° | AA,

A el R Aol7k AL, EAFFETY 2 BYEE

FDS  1420.277 2 710.138 6.699 0.004"

ED  1499.127 2 749.564 9.610  0.000

p<0.05. FDS: & &7kehadl. ED: &7ketgs
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30° #E AHL F9 AA, FF A} 30° B AA o] 4. 22 A H4E
-9 2o)7} QATH(p<0.05, E 3, 12 4, 5)
32 F7|ER] Al 22 X0 T2 2 EME Al AMEEE ofe] 7 B J7] Ve &

7her o] BT AU &3 A 25T AREE

Hol7b = EM DAL SelA vERdrR(e]AdE, 2002). B3 A

019131‘4(%0 05) & @7}@} T & 4 &E5E o] oA ARzo] o7l welA Al o] A, E5
30° B3l A 24.12%MVCE 71 =941, 9 24| BHERE AAFHEZE, AZ & Hof thsle] A9 7FsAd S
83 30° B AAEoR G T FALEE »norh i 13| 2t s§5t}(Frankel and Nordin, 1989). £ 7]&

ZU AR A kS &yleadlao] & B3R & S F71E wl= 2 9 37] 3 (power grip force) oLk
o 30° F3 A9 =2 A 30° 23 2pA¢) 30° A s8] %171 & (pinch grip force) & Z7d3l=dl (Mathiowetz
ARAZEel §-2%E 2ol ATk SRR, EvlEE T & t al, 1985), AFAEE2S YAk o7 S=aaly] 9]§)A
FYEE £5S 307 FE AAL T AARIARE 9 = 5\—?‘} 9kg 9] 9] 7] #¥} 2.3~3.2kg2] WA

3 20171 YT (p<0.05, & 4, 18 6, 7). %17] Pol H 3ttt (Nalebuff and Philips, 1990). o]} 7
& Ao ZY Aol stk ofe] Y Y] &
of Al A= e T AL E52) ApAle] nhet B
GS W=t o] A2 o] 219 HEA AFdTE] 2 v
ul HBolm g 22X (proximal segment) 2] o7 ZpA| ¥
she]l & JaFe 7] wiEolvh(Li, 2002). gk ApAleh A
ZHA|, o] ARA, HEE] &AL Ak ZRA|, S5 2|, § 2
7124 (metacarpophalangeal joint) AFAll, <712 AL
o] 4 (interphalangeal joint) AbAlo] w2 &= 319 W3}
of thet A= Halpern 5(1996) o#] Alghol| ol&) 1-&
3] AEo]x|al Atk Smith(1977) 5& 52 7]A1H
30 (origin) &+ A H-(insertion) 7} A& 7P7AE o &5¢]

FEHo] A= 5% EFH (active insufficiency) el

27 Attt ek &85 28] F35 g Al

A& SN W, 2 EEIEY 4 &bk

07 31 (flexor digitorum superficialis and profundus) 2] &%

o4 FE I} ZA81e) &yl Z(extensor digitorum) &) 5%
Eas

(passive insufficiency) @73l 23l A= o] o)
A Ao}, ol B A7 =EAAY FA71E4 Al 59
I8 6. Y2 AYlEER 2 BHE AAlel] WE ke dlebgelan) £l & BAE

— BT v

WS Qolnm At FA4S wol Sk 4 A of| £%

o
Bk ARE HUEd f P
FDS 1637.341 2 818.671  9.798  0.002
ED 528.295 2 264.148 2456  0.004"
"p<0.05. FDS: €& 7143 ED: &7HES

*

= B#HE(%MMC)

o M oot rlr rulm

. AdlelA] e EekEREe Sk wat A

€1 < AeeA dolnadt stgleh AP B SRR 4]

g %] A% A Al A 3 ] whE ke ErbeEY e &
2% ke = B4R Wske dohugih

g*;fgm Y A% SRR WA A F 2R T BYE

w0 £ &% A bk felR AolE HATHR0.05). B

0] ERRY TS SRAY W14 BE 2 E A

Waw o WE A ) AP e T YRS BYow, FY A, W A

= #o  BHEE wan, %L el &5 B 4

a8 7. £71Ea0 2 BYE

AleflA & =7t 7P W olf, £5o] AIHEHIS
uf S TR 54 HoH (passive stretching)
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of w2 E7Feo] Ao weXA Hil(tenodesis),  AYE & well & ZHe| v FEE A Fus A
o] Aol oJell &7te] WA= ol TAHY] wikolt & = 3

(Li, 2002). 2 244

< & u £5o] SR AAoIAY ot A AujelA 7+
AEY 27 Aok AT ekE vlsestk Aol th(Chaffin and
Andersson, 1984; Tichauer, 1966). £=52] XA W3}
2 7] 95 =43 Imrhan(1991) 2] AFoA L A7)
2 Al 5 T AAlelA TP 2 3ol MAE, &5
231 ZAA o)A 71 okst 8lo] uhAlE I,

&5 53 XWMW glo] 74 oksl A& &2 &y
A9 T BTN &80 3 A FH(carpal
tunnel) & =} %l—ll QFE Fxof digte] Erteheds A
o] ¢t (compression) & ol FFo] LAYsI 5329
FFgo] 74sl] wliolth(Armstrong and Chaffin, 1979;
Smith et al., 1977; Tichuer, 1996).

EleEae Sk et &5 8 A9 31 A
AN e 2 BYEE ngon, 47149 Ade £5

FR AN 1 5 T PYSE uslek ol
A A ke 2 RIS WA A £ 3

Y A ol g} L m A SRR 2 B
e AE el AE 57 A 99l el A7

(initiator) & 34k o}e} FAlol| &5 Bd-& g3} ~
A8ks 5] el o] dzE & Gl
F2E ek ﬂ: 29 A & 25Y

rr

F7h ek, 9}%»3401 ST P
A S R A S T BYES Bolt ol fi

A= E2F Al e7pebEEl 71 93] o= B 7E)

=]t wagsl Agol SA B AHeld 9712
S8l w7etRol 43

st

o}

ol AP FalN SALYolt WA A ke &7
AFPTE £50] 30° B AN W Y S = B
Qg welom, &Rl 2 A4 ueh B A4 o )
BRI W EEEEe) Al £%o] 39
A W 2 FYETt itk 2 E%ol F9 A4 el
A A ) 53] £2 FH AANN S22dont 7]

-0,
J3
N oo
i)
pau)
|o
i
2

=2 7101501] EH 03?7} o] Fo| XA okgkar,
4S5 ol AR T 259 SFEE Ao gt
G (cross talk)ell o3& AR A5
TRE 7Fs 35 AT & glrke Al S 73 ok
2o BES OFEE YT &7 AAE A

[e)

mo = ki to oX X

SlRrks 9% 44, FAF Agshs NEst e
FoUE GF A9l BAE 289 T B B
A7 Be Ao,

oj@F, o5 , Fw Iy & A 7wt HAe A% FJ= I
B, FEA =83 A], 15 (4), 967-973, 2003.

Agresti, A. and Finlay, B., Statistical method in social research, 2nd ed.,
Dellon Publishing, San Francisco, 315-356, 1986.

Armstrong, T. J. and Chaffin, D. B., Carpal tunnel syndrome and selected
personal attributes, Journal of Occupational Medicine, 21(7), 481
-486, 1979.

Armstrong, T. J. and Chaffin, D. B., Some biomechanical aspects of carpal
tunnel, Journal of Biomechanics, 12(7), 567-570, 1979.

Bober, T., et al. Biomechanical analysis of human arm stabilization during
force production, Journal of Biomechanics, 15(11), 825-830, 1982.

Chaffin, D. B. and Andersson, G. B. J., Occupational Biomechanics, John
Wiley and Sons, New York, 1984.

Cram, J. R., Kasman, G. S. and Holtz, J., Introduction to surface electro-
myography, Gaithersburg, Aspen Publishing, 1998.

Dempsey, P. G. and Ayoub, M. M., An investigation of variables influencing
sustained pinch strength and evaluation of inter-study variation in
independent variable effect. In: Aghazadeh, F. (Ed.), Advances in
Industrial Ergonomics and Safety IV., Taylor and Francis, London,
1994.

Fagarasanu, M., Kumar, S. and Narayan, Y., Measurement of angular wrist
neutral zone and forearm muscle activity, Clinical Biomechanics,
19(7), 671-677, 2004.

Frankel, V. H. and Nordin, M., Basic Biomechanics of the Musculoskeletal
System, Philadelphia. London, Lea & Febiger, 1989.

Hagg, G. M. and Milerad, E., Forearm extensor and flexor muscle exertion
during simulated gripping work - an electromyographic study, Clinical
Biomechanics, 12(1), 39-43, 1997.



5526 %, B35k, 2007. 8. 31

s

Jo

THAIOF &0t 820t

g
0x
0
2
=]
pal
rnr
02
0%

Hagg, G. M. and Oster, J., Bystrom, S., Forearm muscular load and wrist
angle among automobile assembly line workers in relation to
symptoms, Applied Ergonomics, 28(1), 41-47, 1997.

Halpern, C. A. and Fernandez, J. E., The effect of wrist and arm postures
on peak pinch strength, Journal of Human Ergology(Tokyo), 25(2),
115-130, 1996.

Imrhan, S. N., The influence of wrist position on different types of pinch
strength, Applied Ergonomics, 22(6), 379-384, 1991.

Kapandji, I. A., The physiology of the Joints, Annotated Diagrams of the
Mechanics of the Human Joints, Churchill Livingstone, Edinburgh,
London, Melbourne, New York, 1982.

Lamoreaux, L. and Hoffer, M. M., The effect of wrist deviation on grip
and pinch strength, Clinical Orthopedic, 314, 152-155, 1995.

Li, Z. M., The influence of wrist position on individual finger forces during
forceful grip, Journal of Hand Surgery, 27(5), 886-896, 2002.

Maier, M. A. and Hepp-Reymond, M. C., EMG activation patterns during
force production in precision grip. 1., Contribution of 15 finger
muscles to isometric force., Experimental Brain Research, 103(1),
108-122, 1995.

Marley, R. and Wehrman, R., Grip strength as a function of forearm
rotation and elbow posture, In: Proceedings of the 36" Annual
Meeting, Human Factors Society, 791-795, 1992.

Mathiowetz, V., Rennells, C. and Donahoe, L., Effect of elbow position on
grip and key pinch strength, Journal of Hand Surgery, 10(5), 694
-697, 1985.

Nalebuff, E. and Philips, C. A., Rehabilitation of the Hand, Surgery and
Therapy, 3rd ed., St. Louis, Moshy, 1990.

O' Sullivan, L. W. and Gallwey. T. J., Upper-limb surface electro-myography
at maximum supination and pronation torques: the effect of elbow
and forearm angle, Journal of Electromyography and Kinesiology,
12(4), 275-285, 2002.

Price, T., Lateral epicondylitis presenting as jailer' elbow, British Medical
Journal, 285(6357), 1775, 1982.

Putz-Anderson, V., Cumulative trauma disorders: a manual for musculo-
skeletal diseases of the upper limb, Taylor and Francis, New York,
1988.

Robert, J., et al. Psychophysical frequency and sustained exertion at
varying wrist postures for a drilling task, Ergonomics, 38(2), 303-325,
1995.

Richards, L. G., Olson, B. and Palmiter-Thomas, P., How forearm position
affects grip strength, American Journal of Occupational Therapy,
50(2), 133-138, 1996.

Silverstein, B. A., Fine, L. J. and Armstrong, T. J., Occupational factors and
carpal tunnel syndrome, American Journal of Industrial Medicine, 2,

343-358, 1987.

Smith, E. M., Sonstegard, D. A. and Anderson, W. H Jr., Carpal tunnel
syndrome: contribution of flexor tendons, Archives of Physical
Medicine and Rehabilitation, 58(9), 379-385, 1977.

Snijders, C., et al. Provocation of epicondylalgia lateralis (tennis elbow) by
power grip or pinching, Medicine and Science in Sports and Exercise,
19(5), 518-523, 1987.

Tichauer, E. R., Some aspects of stress on forearm and hand in industry,
Journal of Occupational Medicine, 8(2), 63-71, 1966.

Viikari-Juntura, E. R., The scientific basis for making guidelines and
standards to prevent work-related musculoskeletal disorders, Ergono-
mics, 40(10), 1097-1117, 1997.

O A=A} 270 D

< 3 A £« nolcjw@hanmail.net
QA Qe A et 44

q A AFAYPATS AN
WA AR 2FAA AS o,
SEAATEAY FHLNEA, 2EA AU

% A 3 A % hyeseonj@yonsei.ac.kr

University of Florida, Rehabilitation Science, 2}A}

d A dAdSE RARAYI AT A R 2y
Aok RPELA, 524, FRAR

e

2 et BA A
AT QA R e

B
99 AR AL, S 9 A

% o] & 3] % pteagle@yonsei.ac.kr

AAeiEt . sk BAs Hhal

A dAUER RAIHYEY AT R 2
TAE ok A A% AHrt=T A, T E AAEA

= T H T ¢ (Date Received) : 2007 05€ 24
=T

AL

(
7 < (Date Revised) :2007% 08¥ 20
(Date Accepted) : 20073 08 22



