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ABSTRACT

The Effect of Hand Placement and Ankle Position on
Rectus Femeoris Action Potentials during Static Quadriceps
Setting Exercise(S.Q.X.) in Healthy Subjects

Chung Hwi Yi, M.P.H., R.P.T., O.T.R.
Department of Public Health, The Graduate School of Yonsei University
Hyuk Cheol Kwon, M.P.H., R.P.T., O0.T.R.
In Sook Kim, M.P.H., R.P.T., R.N.
Department of Rehabilitation Medicine, Yonsei University Medical Center
Marion E, Current, M.P.H., B.P.T., Tea. Cert. P.T.
Department of Rehabilitalion, College of Health Science, Yonsei Untversity

The purpose of this study was to determine the effect of three hand placement (forward,
sideward, backward) and three ankle positions(active dorsiflexion, active plantar flexion,
neutral position; on comfort facilitation of quadriceps contraction during static quadriceps
setting exercise(5.Q.X.) in the sitting and the supine position in 30 young healthy subjects.

Thirty volunteers{16 males, 14 females) aged from 21 to 31 vears(X=26.4, 5s=2.5) were
studied. Upon completion of the test, each subject was asked in which position he/she felt
most comfortable, and in which position the best contraction was felt.

In order to assure the statistical significance of the results, a paired t-test, a repeated one

-way ANOVA and a repeated two-away ANOVA were applied at the 0.05 level of
significance.

The results were as follows :
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potentials(p>0.05) .
2 . In the supine position,

In situations when 5.Q.X.

1. In the sitting position, there was a main effect reported according to hand placement
{p<0.05). But no main effect by ankle position and no interaction effect between hand
placement and ankle position were observed in either right or left rectus femoris action

there was no significant difference in rectus femoris action
potentials in all three different ankle positions{p>0.05).

3. Percentages of agreement between the most comfortable position for S.Q.X. and the
position producing maximal action potential ranged from 35.7% to 62.5%.

is required, the choice among the three ankle positions should

be based on subject comfort. Especially in the case of sitting position, the authors recommend

that the subjects’ hands should be placed backward regardless of ankle position.
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tion) 3} F7A 4% (isotonic contractim) 28 F&
¥ vH{ Gardiner, 1963).

THEFRE $ES dode g 5 A

= ¥e] #Ea] 714 (origin) 3 22 (insertion)
2] AHale] |Erh 471A ok wiak oluel wale)
TERE AR g 58 T (238, 1985).
FYA 5L DS E01A97] Qo Age Wi
AR FHYFEL s Aoz, o FHelA &
£ B tiale Y& £ oY ENE B2 2
HE AAE fAA7e Bies dAsEles A F
{static) -Felgtaz k.

FRAEFEE U APe ade RN 24
Frel Hol7t ¥t Z2Fe] £&ehs AE B
TRAEFEA 23 £E5E FANEE = B (dy-

namic) £Eeleln g},

Bl M SWdeA W HE 2208 Bole F
Holel fad, &7 93-S (chondromalacia pate-
lla), 28]l3 58 £ % 13 (immobilization)} o]
Hag A5 UEANEZe 235 (atrophy) -2 o W
s v 28 & AstAY2] S8k diE AR 534
+E-5 Fcl(Allngton E. 1966 ; Brewster &,
1983 : Bilko %, 198 : Hsieh %, 1987 : Monglia
%. 1987 | Pelletier %, 1987 : Yasuda 2} Sasaki,
1987) . EHAHETE Al TRy S718 d&
veie SW A BE, FHo AN, e
AufpE, FAEB7IT E o8 71x] /2l ofFe o
%8 ubi=coh(Kuprian, 1982 : 23, 1984).

gzl Al HgEE WEHAMES Y 4 8-F (static

quadriceps setting exercise) & YWl oz @E



(hip joint) @} ¢8HL B = UM, B &
PEE W AR el Selguns st o
HEH o2 EAED Wty S34e5E 4§
Al o, HEE ol AT EEA8AES #A
d A AL =l (dorsifexion) Al A
1986).

Tepperman 5 (1986} & & Aeield ol BlARF
T FAYEES € W e §Xd el o
AP A B E = 85 4] (action potential) &
Almsty e b, 28 Yoz SAHE 7ot Ry
& dla| EAEE &F5H A0 e Abelrt §lgickn
B ELekel ok

a8 dEAST FAYEETE T8 ApAeA B
grebiiat gk 2pAig A 2 5 elwl ApAd A
A%t 427} Q3 (Gardiner, 1983), 22| Al o
g B A F e AR ATs v s g
ong, 7 AMEE F&odEe] g3l ukgl Ho)
groz g EAREId Y& F 4 = AqE del
Wi #o] "adtrl( Antich 8} Brewster, 1988).

mebA B odTe] BEH e qEAF2 SAAEEE
Al e xpA et e ARAOlA &3 wREel  9]F o
mHE BEHe WE vasn, Juger #E
He g S A Hetsd P8 & ¢ AE
A 7F el = A X AE el uat duh.
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1. 7% el ddAFT B3 48FA #8
o] gixje] w2} diE 2T (rectus femons)—? LIk
A FHel7h Arh,

2. ore AN dEAEE FHAETAN &3
wrEol gl Aol whal tiE el #FASe Ael 7t
RN

2 oy daobe dadlA giEAST T8 &
e AL o, 7 AMER g 4AE dH
sled H8% AvE $88 5 g Aeloh

fratsl ok (Tepperman &,

I. E78Y

I. SHTOIAA & =T

QTS B QT B olshaha Bk
thm A E 20THe A 30C) &utel ARG 9, o
€ daor sich AR FolA 44 TE @A
of AREael ARAL dHAE

2 F9e 2014,

ol ), #4d, F5H7e) o4y, eli Zr eln

o F5E 4T A4 g A A8
6}9& oh, Pl dRE RE AR Al FElr] 48 A i
Aol Aol FEFG F 5 gliz e Bgsix] @
=& A AE &% Feon
Aepel AX| FEH shgvh

G AR A 167, A 4o 30
wolglth o datel ol g YRkl e de
i zrch(Table 1}).

LoQlale 2 go] u]Eg

P

Table 1. General characteristics of subjects

(N=30)
Male(n=16) Female(n=14)
Age{yr) 26.6£2.5% 26.1+2.4
Weight (kg) 62.9£9.3 49.94+6.3
Height {cm) 169.5+4.9 158.6£5.0
*Mean+SD.

= AT 1988y 6% I5dURH 6% 309
5%e U U dde & ¥, 1988 79 15
YRE BY 30UAX & A¥e AT

2. AEEUY

B odFellAe aiE Ao BEANE golus] 2
st EMG-BIOFEEDBACK(EFB 50/1, 1487,
SCHIPPERS-MEDIZINTECHNIK, GERMAN)
Z1AS AMEEE o (Fig. 1), AYze] 1Al =43

~ Fig. 1. EMG-Biofeedback unit set up for
measurement,
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147 A¥ol Bash el vl o Ky
o8 A7t fAE Hogle R Folrl fistd
Fo| HiEE DRHEE L oFE s Fohl gl ol ui4l
HE FF AU WIS (& fx)d g 7
g as #ora %o ol H 2 Ly sEEE <t
etk 7 S &S #4853 (random num-
ber table) & o] &8l &M Fstm 2 Al ot
g g S 2 esnh e RANds &
& (patella) AHg]HoiA 10cm o) A WK HIFZ
SFAEE D, A WA dSelA e ddes 0cm
el oAl F owiw HASg A ok(Fig.2). A

Lemelglm HI34 w3 m Alolg] o
A}2-3hgl o,

0:.1

Fig. 2. Electrode placement.

z By &% Sl dEsld 23 olim, diF
A2 BEHedes 2y ST e Hagew A
sl HEHLNE FHseE B A¥ A 71A 9
AL B gAsd A Tl fuAsd
A3, T AAHA AFE AABT sk
714iel er] o= (audio feedback} ~%AE &
el s

APz= APl A chga g2 AAAEE AT
F

“ol ZlAE 2{ol GEHHLL S W AL AL
Fal el E gobhrl fele] Algsith B2 R
Me dE87F 388 A w75 B3 or4jsiy s
#rh AYRF o= dEn A &ENE AR @
oxl AYE AN 7 vk WS e 9 Yol S
S EE eln watA e

e 22 AAARE YA dlE X2 &
EUE dge Sk Hiz A el BEa) 93 S8
g3 g Wies Je Fch

"EatEl A g g $Eg 2l ZelH gEs
I s AelA He
BE HE Hteh Ydin £EE o iy
E o FA 0Eg FALS Fo ogeol ¥y duip
Jrovulg A Agaz AHE Bl mAdsg
cl( Fig. 3).

e A
Fig. 3. Subject position during testing.
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3. BEawy

2 4Tl 23e gEe Fassld gy
AEAZ ¥ SPSS/PC+9 BMDP& Apgshe] 2

A BT FAHe gEe Ay, &3 $Eo g
o2} $EHee Haags BFE f1iE Gl Rgo
o, BE RAA FH=n E9 %%%21 g 9z
71 M Bl ¢ ~AGE i Ao LE

2l SiAel wrel 2HE ge ‘i‘l%%@"ﬂ oF Yyt
2HEA] (repeated one-way ANOVA) &, 92 =«

M &8 gse

31 wEel 9zld wlE Fg I
(mam effect) 2} 4 &E2E A3 (interaction effect)

E golrr] fiste ¥rE&Ae] g o FEANEA
(repeated two-way ANOVA) L Slgtd, EA 83

2] f2

] E A2 AEFA mosln, ¥& el F
Aotz % 3‘]"'1731' HA 2 e PEANE H
g ApAote] YX & WEEE Yol gl

% ¥ H¥Ae AEaelA dEA RS

SELES @z&g o feol4dE e 0.052 st

o z a}

3059 Mg Aglel Be M e rg AMIM
YENET FHYLES S BU quADe BF
98 549 A%e 08 po,

B, 22 RAol Mo gEHS

& g 8= 2] sy

e mAelA dfEF 2o gEHYE &l BE
ol AR ul S dell AR Y dol = SA}l7T G
s, % A AAE de Aol & Both
o A7 BF Hel AKsln 2Ee} fr] H8 %
g o, A FFANE Rl o=l
ol T8N er g Eokvh(Table 2).

2) F& oiEI S EAS

& RE AT G nEsA 2 ol B8
g et go ARE welle= Salolrl giled
S5 "ol NG we HolE MYw, 53 &9 9
A7 2% Sl 2 @& 97 A8 AL
o tHA 2o BEAAE A ARplA oy F
ooz 71 woleH{Table 3),
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2. & XML BEEHA

n %=

E A 2o BEAe

Table 2. Action potentials of the right rectus femoris by hand placement and-ankle position

in sitting

(N=30, unit=pgV}

Male{n=16)

Female(n=14}

Total

1,800.0+1,132.7* 1,496.3+1,013.0

2,123.1+1,463.8
2,056.3+1,115.8

1,993.841,257.2
1,901.6+1,181.5
2,040.64+1,097.2

2,756.3+1,438.4
2,484.4+ 373.8
2,461.0+1,468.3

1,385.7x
1,458.5+

799.5
820.1

1,716.1+ 975.8
1,412.5% 699.5
1,608.9+1,026.7

2,205.3+1,081.3
1,744.71 845.8
1,908.9+ 895.2

1,658.3%1,071.2
1,781.7+1,240.9
1,777.5+1,018.5

1,864.241,124.4
1,673.3%1,001.5
1,839.241,059.7

2,489.2+1,293.2
2.139.2+1,199.2
2,256.7%1,258.5

Hand placement Ankle position
Forward Dorsiflexion
Plantar flexion
Neutral
Sideward Dorsiflexion
Plantar flexion
Neutral
Backward Dorsiflexion
Plantar flexion
Neutral
*Mean4-SD.



Table 3. Action potentials of the left rectus femoris by hand placement and ankle position in
sitting
(N=30, unit=gV)

Hand placement Ankle position Male(n=16) Female (n=14)} Total
Forward Dorsiflexion 1,681.3+1,049.6* 1,267.91879.3 1,488.3+987.3
Plantar flexion 1,756.3+ 966.9 1,114.31481.8 1,456.7+832.9
Neutral 1,506.3+ 873.5 1,358.91668.4 1,437.5x774.9
Sideward Dorsiflexion 1,646.9+1,002.8 1,462.53+806.3 1,560.84-958.1
Plantar flexion 1,678.1% 952.5  1,139.3%549.9 1,426.7+824.4
Neutral 1,784.4+1,095.1  1,253.6+753.7 1,536::973.4
Backward Dorsiflexion 2,653.1+1,671.9  1,800.0+£549.9 2,255.0%1,446.9
Plantar flexion 2,050.0%1,151.2  1,348.2:+582.4 1,722.0+£982.0
Neutral 2,206.3:%1,308.3  1,666.1+811.7 1,954.2+120.6
*Mean+SD.

Table 4. Action potentials of the right rectus femoris by ankle position in supine.
(N=30, unit=xV)

Ankle position Male(n=16) Female(n=14) Total

Dorsiflexion 2,798.5+1,296.5"
2,718.841,396.7

2,554.7+1,339.9

2,281.5%1,004.9
1,946.4%1, 007.6
1,817.9%1, 008.7

2,557.2+£1,178.4
2,358.3+1, 271.9
2,210.8%1,234.7

Plantar flexion
Neutral

*Mean+SD.

Table 5. Action potentials of the left rectus femoris by ankle position in supine,
(N=30, unit=xV}

Ankle position Male (n=16) Female{n=14) Total

Dorsiflexion 2,925.0+1,538.7*
2,565.6+1,547.1

2,615.6+1,323.4

2,051.84-1,115.1
1,932.2+1,298.5
2,200.0+1,412.6

1 2,517.5+1, 406.5
2,270.0%1, 448.2
2,421.7+1, 358.2

Plantar flexion
Neutral

*Mean+SD.

g AAAA WEA2e) YEALE AWl BA (Table 5).
glol wEe i} Az gHYe W A whw,
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g zpHolAl HE tE A2 BEVAE 42 ge AqelA %33 £30) YEAT BFAY
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oty FElEs HeE AYsln, e Ao F
AHoz §23 zlol7t 22 (Table 6).

2) g &AM

T2 AMAClA FEe] Rl ulE HEm 9o
gE5H4ies 2% BAHoE Fog aolr) g
(Table 7).

4. US AMOM ZT Yo Y0 ©HE BS
&8
&3 22 A7 YHR2Y YFAA QY
WA ERE Folus] fae] MEEY] e ol

Aol &2 X0 XD Jahe v Wy
A G 2o gl g TG FoE @

ck(Table 8, 9},

5.2 AMOIAML B2 SR G2 REHS

L1

T A A BE9] fxd oa) g ae] 8
FAL 7 2R AE AE dolrr] sy MBS
2 g ARV EN L H9r). 22 gEgIyey g2
WE AT BFAH e 25 A walr] Zox
22 79§ Ao}yl glgich({Table 10, 11).
6. HEAMSFZ SHMEES 517]0] HOE XpMf
e ZAelA AHAREZ EHHL5S sl #
4% AANE EEY YXE Yzs Yys 17w

(56.7 %) 22 71 watch 4¥s A% AN 7
B3t A3 22S 92 8 doMe gouz

Table 6. A comparison of right and left rectus femoris action potentials in sitting

(N=30, unit=gV)

Hand placement Ankle position Right Left t-value
Forward Dorsiflexion 1,658.3%1,071.2** 1,488.3+ 987.3 1.4
Plantar flexion 1,781.7%1, 240.9 1,456.7+ 832.9 2.3*
Neutral 1,777.5+1,018.5 1,437.5+ 774.9 2.2*
Sideward Dorsiflexion 1,864.2+1,124 .4 1,560.8+ 958.0 2.4*
Plantar flexion 1,673.3£1,001.5 1,426. 7+ 824.4 1.4*
Neutral 1,839.2+1,059.7 1,636.7x 973.4 2.8
Backward Dorsiflexion 2,499.2+1,293.2 2,250.0+1, 446.8 2.1*
Plantar flexion 2,139.2+1,199.1 1,722.5+ 982.0 3.1
Neutral 2,256.7%1,258.5 1,954.2+ 720.6 3.0

*Significant at 0.05 Level.

**Mean+SD.

Table 7. A comparison of right and left rectus femoris action potentials in supine

(N=30, unit: V)
Ankle position Right Left t—value
Dorsiflexion 2,557.2+1,179.4** 2,517.5%1, 406.5 .2t
Plantar flexion 2,358.3+1,271.9 2,270.0x1, 448.2 .4°
Nentral 2,210.8%1,234.7 2,421.7%1,358.2 -1.2*

*Not significant at 9.05 level.
**Mean£8D.
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Table 8, Two-way repeated ANOVA of the right rectus femoris action potentials by hand
placement and ankle position in sitting.

{(N=30)
Source Sum of squares Degrees of freedom Mean square F—value
Hand placement 17, 077,976.9 2 8,538,988.4 6.51*
Ankle position 929, 588.0 2 464, 794.0 .35
Interaction 1,992, 314.8 4 498, 078.7 .38

Error 342, 299, 520.8 261 1,311,492.4

*Significant at 0.05 level.

Table 9, Two-way repeated ANOVA of the left rectus femoris action potentials by hand
placement and ankle position in sitting.

(N=30)
Source Sum of squares Degrees of freedom Mean square F-value
Hand placement 15, 418, 301.7 2 7,709, 150.8 7.61*
Ankle position 2,226, 248.9 p 1,113,124.5 1.10
Interaction 1,920,181.1 4 480, 045.3 .47

Error 264,229, 042.5 261 1,012, 371.8

*Significant at 0.05 level.

Table 10, One-way repeated ANOVA of the right rectus femoris action potentials by ankle
position in supine.

(N =30)
Source Sum of squares Degrees of freedom Mean square F-value
Ankle position 2,067,200.7 2 1,033, 600.4 70"

Error 129,101, 121.6 87 1, 483, 920.9

*Not significant at 0.05 level.

Table 11, One-way repeated ANOVA of the left rectus femoris action potentials by ankle
position in supine.

(N=230)
Source Sum of squares Degrees of freedom Mean square F—value
Ankle position 940, 513.9 2 470, 256.9 .24*

Error 171, 988,104.2 87 1,976,874.8

*Not significant at .05 level.
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Table 12. A comfortable position for S.Q.X.*

U, WES dom @ YHeME P & WEATM 4 EUTH dobe apde A
SRR ' olzzk B Hdle) BEANE Uepd 2 sl Qe
3= #Hd 35.7 %M HIT 62.7%A HI 62.5% o

¥ ATNAE REAAFS FHY S84 e
A sk gel ANl wpet o= g

1o 2el& B3, g Ao W

o
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(&1

(N=30)
No. of No. of
Position Hand placement Ankle position Male Fermale Total
(n=16) (n=14) (%)
Sitting Backward Dorsiflexion 9{ 56.3) 8( 57.1) 17(56.7)
Plantar Flexion 6( 37.5) 1 7.1 7(23.3)
Neutral 1{ 6.2.) 5(35.8) 6( 20.0)
Total 16(100.0)  14(100.0)  30(100.0)
Supine _ Dorsiflexion 8( 50.0) 8(57.2) 16(53.3)
Plantar flexion 4( 25.0) 3( 21.4) 7( 23.3)
Neutral 4( 25.0) 3( 21.4) 7(23.3)
Total 16(100.0)  14(100.0)  30(100.0)

*S.Q.X.  Static quadriceps setting exercise.

Table 13. Percentage of agreement between comfortable position and maximal action potential
(N=30, unit: %)

Right Left
Position
Male Female Male Female
Sitting 62.5 42.8 56.3 35.7
Supine 43.8 57.1 56.3 50.0
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i am Y44 S A8she A5de 98 2
o 7}He] wolot meh AAM, FUF Alwel o F
Ay 7L g AP A& FA getep @
. £, A9ENT HAsE A delME ©
A o] #BAE A kgl FAel dEe FX) golol
ok nheba A% S-e Bt SgE I og W
ofl iz olel & A% 4AE ek Aol wiEA &A] g

ae} AW AR 2E A¥EUd AEEER

o 8] 7}A] & @ <= (confounding variable) &9 3§
o By 4 dormz g2 2o Ay 2UE 0F
*]Z_ﬂrf& gAY A Bo Spstoh (YA 1984).

Ny g FYsE ez 8% ol @
e ZAAlM 97, P& AA4M 3789 FHE =
Hatgoh o AFeA AW FAAH7 G
Alell akg FERG WA Sy 9, HETIEE
ol gt 2 #ME ARYUT 2 M T &7
2 @gch =S 280 gart dgagd F¥E
e Re Azl dadd dgHel AR S5 A
L«-}E% stgm, AEESNE 3 FEE
FolE wteA] 38 o4 F4& =S AT
ggatyl oAl e F gie S5 s ol ad
AEilg Sxjod =g Bl #AF F, AR
2] A Aol ma} HHAFED ¥ F=F FHPE,

ol g} & uhlo g VEEY HYIAE o8 F
f #Med NEES FEAHT AdeE F4o &
R 2% SFE AEFE 9 HAEME
opgiy] wiEed EA4 7 Ao Aol

Ae nF # Abgste el (dominant leg) 7t 22
Zololry,

A9 2t IS dadA wEse S
Ajolng YHEZH g 2484 WEE olE
st gMEth £ 4N AEE 4% A
SPSS/PC+2 BMDP& ol&&gich. o oifE
SPSS/PC+el s vHEEel 2§ o) S&8A £4%
3 4 qle FA TEIYe] gyl WEeldlch
2. HREI0 i O

BT 2EAAe F%s TFANIIAY 27

g A2 AY]7] Sk AA EE e 9RE §
Hole] gAlEE BHA2WYE F9 shiolch(ZA
&, 198) S5 ae 289 FHIYHA wg F
HHe% ZANLE, T454 (isokinetic) £F o2
UE 4 dth

71 & Fasittn Bosiglth 2’1“&—% el
Fe AL SHA @ F4HA THE EFA

7 4 qicks Aot wF 2HEEA £x% A
250 wlekel g4 w2k ey %5 FEt
w 2aje] 7hAIE £E% 49 mad @M F
HAYSEA Q@AY 429 gel AR
Aol o] 91ge] A= HAztelA HEY Wi Fo
7} 9 astch(Kuprian, 1982).

LhMoTe SxaMeRo offd ANEgEFe @
UzA 282 23Ny Edez Agen
(DeLatenr %, 1972). ¥4 2¥wie &35
=& Ta JAsH aPAA g ol HEel A
ol WzlE TS mety 7)ol A=l ( Thistle
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STATIC QUADRICEPS SETTING EXERCISE

NAME : AGE SEX: M F WEIGHT : kg
HEIGHT : cm DOMINANT LEG : Rt Lt DATE .
Position Hand placement Rt ankle 1 2 3 4 Mean
Sitting Forward Dorsiflexion

Plantar flexion

Neutral

Sideward Dorsiflexion
Plantar flexion

Neutral

Backward Dorsiflexion
Plantar flexion

Neutral

Supine _ Dorsiflexion

Plantar flexion

Neutral
Position Hand placement Lt ankle 1 2 3 4 Mean
Sitting Forward Dorsiflexion

Plantar flexion

Neutral

Sideward Dorsiflexion
Plantar flexion
Neutral

Backward Dorsiflexion
Plantar flexion
Neutral

Supine E—— Dorsiflexion
Plantar flexion
Neutral




