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ABSTRACT

The effect of H/Q ratio in balance on the dynamic
stability of the upper limbs when drop landing

Kim, min

Advisor : Prof. Lee, koung-il, Ph. D.
Department of Physical Education,
Graduate School of Chosun University

This study identified the effect of H/Q ratio in drop landing on dynamic stability
of the lower limbs and analysed it bio—mechanically to prevent risk factors which
cause injury in the lower limbs and to obtain basic and qualitative data which are
helpful for future instructors.

The subjects of the study were 13 soccer players from C university in G city
who were aged 20-23 and had no injuries in the lower limbs and whole body for
the recent six months. With a use of isokinetic sporting goods(60 deg/s) before the
drop landing test, imbalance of H/Q ratio(Hamstring / Quadriceps ratio) was
measured. the group with above 69% of H/Q ratio was classified as a dominant
group and the group with below 69% of H/Q ratio as a recessive group. Before the
test, all the subjects wore elastic exercise suits in their barefoot and had more
than 5 times of warm-up and drop landing for 10 minutes. For drop landing, they
jumped off from the 50cm-chair to the force platform with one feet and landed
successfully on the ground twice without losing balance or hands touching on the
ground. Five pieces of high definition Motion Master 200 (Bisol, Gwangmyong)
were used to analyse images and 1 force platform(AMTI ORG-6, AMTI), and 2
pieces of AMTI ORG-6, AMTI were used to deal with image signal and ground force

signals. Kwon3D XP was used to analyse the image data and ground force, and a



Mann-whitney test and a Spearman correlations analysis were used to compare the
two groups with a use of SPSS 18.0. All the significance level was p<.05.

As a result of the test, in drop landing according to the imbalance of H/R ratio,
there were significant differences in means of a loading factor. GRF, and EMG
between the dominant group and the recessive group(p<.05) while there was no
significant difference in maximum Kknee curve angles, maximum vertical ground
force, COM displacement, GRF, and maximum EMG between the two groups. In
respect to the correlations between H/Q ratio and biomechanic variables, there were
reverse correlations in loading factor, means and maximum EMG while there were
correlations in maximum vertical ground force, loading factor, maximum knee curve
angles, the right and left centers, the right and left displacement, maximum and
mean EMG. It indicates that the higher H/Q ratio is, the loading factor and the
maximum EMG decrease. In respect to the correlations in dynamic variables, the
higher the maximum ground force, the loading factor increases. As the knee joint
curve angle increases, outside ground force and the body center move right. As the
right and left displacement of the body center increases, myoelectrical activities of

hamstring decreases.
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F 20029 91 (200Hz), 0. &

=g

) 5tE Ah-E-5fo]

-
o

1&g = vY 7k gk (Motion Master 200, Y],

=

1:\_4
-

o, =E A7 1/500%, FhelEte] &%

B

—~
fie)

Bo

ol
el

Ho

1%0
_Z_“l
T

cd

2. A 9H

Skt

A

=
=

ke 71 (AMTI ORG-6, AMTI) 1th

B

A

A Hdke 28 = 2000Hz =

T =4

3.

)

3
ol

-
o

o
=2,

% 2 A 226192 (VSAD-101USB, H]

F29 2t

el

H =

Tx

th. FxAl gl 201 9] LEDSF AW uke o

LEDel &58lo] A= of 5the] 7hwz}e]

i)

A3

N

C. 438

B

el

==
"o

A A 5t

=
=

A 7 & (control object)

=
S

A REIm, AZ1m, ¥°] 2 m)<]

=9

KoN
=
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E
=

I3 3. AR

817] 99 1087

A FAL ol

i

e

23k

A ldcm 3719 ¥kAbRLA 2118 B

Z]
%y

3910

Z

J

Al

NEEEE

A A}A (static

oA AT

|

S 20cm =

=12
=

K

_(H

N
K

el
!

—

Nfo

X

o
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9 4. 7] HHSA
% eg AX Acromion
F e AAFIZ= Anterior Superior Iliac Spine, ASIS
Ay A== Posterior Superior Iliac Spine, PSIS
e iy FAAA Mid thigh
z e g | SA Lateral Condyle
z e WSA Medical Condyle
2 o9 3lE Fobx A Mid shank
z} o9 2|3 Lateral Malleolus
z} o 9 W3 Medial Malleolus
3t e § HEA Heel
2} e g S A Toe

BAAA <Z¥ 4> oA FEe TAFS V] fsA AHEHE F e WSt
(medial epicondyle)2} W ¥ (medial malleous)vt#+= WG 52 =3 Ao A A3}
AR BAS el dEAFE(quadriceps) & EW] X3 W= (vastus
medialis), £|Z3(vastus lateralis), WE & < (rectus femoris), 133 FYX2EF
(hamstring)% " S (semitendinosus), U E o] F<*(biseps femoris)ol| 571 xWA A
= (surface electrode)S <1¥ 5>3 o] BAFH O™ (Cram, Kasman & Holtz,

1988), F+-#at7] A SHFE Hadtetr] fste] SR 3ol 25350
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R}

a9 5. MG

Fo}hy]

2+ ]
1=

A}

ki3

A1 50cm ol9] o4 flelA %

U2 Hol e

1o

] A we]

At o

§l’

o]

FAT<29 6>,

g 7153

23]e] A17]

2
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D. A5 &4 #H49

G EAAAE A H JAAREY FAH Hxstel 2 E AA Abdel-Aziz
Karara(1971)2] DLT* (Direct Linear Transformation method)& %al 3% 33k
= Axtetar ol =(nosie)E A7 flstel A F3 FE(lowpass filter) W
2 259 e ' Fua= 6HzE A tHFord 5, 2003). A=l dlgh
3 &3} (smoothing)¥= Kwon3D XP ZZ1#9S& A4 3ttt zAtaxeg Axes <19

7> 3 2}

Atz ZEE
{(Butter Worth
Digiral Filter)

ok

a7 7. AEA
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1. 348 4 4%

Tylkowsky %4 (Tylkowski, Simon & Mansour, 1982)< A}
A At slew <ad 8>3 #

O
d9 #A4d AL

Aok EvE 2 unde] w4

In

SACRUM

2. Fste At

ol

pu

Feof At FA2 vk 2o (A4, 2006).

_Hi__
38 (N/sec) = (P1-F50+) / (T1-T50+)

- P1o ARk 2x) Al dAY sk H o 4= 2wk gh(N)

1A A A o] 50N g ol

= b |

S ke ZHN)

b
B
Lo

g

- FO+ :
- T1: P1 2Ast= A (sec)
- TH0+: F50+ o] wAysh= Al (sec)

_18_



S Eaia Aol A% (raw EMG)E 10Hze At F3}=(cutoff frequency)
2 IH % (low-pass filtering sing pass, second order Butterworth)st$itt. &4 +7¢

2 AW ZAAIC)AN A HHHFE =22 = (knee maximam flexiontKMF)7F4 €] landing
phase(LP) #7te] A& +HA=IEMG)E AH=3 & A2sd o H/Q ratio S50 &2
ofeff &2 3 o] ALtstA T

) E] AL (vastusmedialis,vastuslateralis,rectus femoris ) IEMG

io(%)= = . . ; ) x
H/Q EMG ratio(%) o] E] o] =X (semitensinosus,biseps femoris ) IEMG 100
4. A A4
AEE Wl P FEAAE AAEn AAFAHol TR} AWwrEg & ¥F
ERER

&
(e}
[o
-
oo
o,
1t
>,
ﬁ.'L
3R
o
td
rl
Jo
Lo
i
AN
T
N
o
Q1
fru

Mk,
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V. a7243%

A. H/Q ratiod] W& $AHAIEI] A IF S A9

<E 4>9F <29 10, 11> H/R ratio B o] W& =F2A 52 A AYF S+
I 7t 9] #polE YERd Aotk

E 4 A FEERE

e unit: deg
dominant side  non-dominant side Mann 7 p
(M£SD) (M£SD) -whitney U
MKF -112.28+7.14 -111.47+6.96 42.00 -.605 .545

15 1

deg 110

105

100

dominent side non—dorrinant side
99, Hd) FEESAE I3 10. A FEEA

<E 4> A9 Zo], SATIELS -11228+47.14°, A 1EFES -1114746.96 ° = FAFSH

svd == 428 dedlen, A oAk £33 v ekt
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2. HT 5 A A A

<E 5>9 <9 12, 13> H/R ratio 27 @] we SEAA 54 A HvjFAA
Wake o] Aol s Lhehdl Aol

<3t 5>, Hu A A HEkY unit: xBW
dominant side non-dominant side Mann 7 p
(M%SD) (M£SD) -whitney U
VGRF 4.85+0.81 458+1.45 40.00 -.757 449

—#— ron-conirent

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

14 7101316192225 28 31 34 37 40 43 46 49 52 56 58 61 64 67 70 73 76 79 82 85

) 11, Heh e TR 12, 30 FAR

dominant side non-doninant side

H/Q ratioo] W& =509 ZA] A HojsHA Ak o] Aol ¢4 1F 4.85+0.81
xBW, €452 458t145 BW= udeyton, a53te] A4 #Foak= fidd
(p>.05). L3} <3F 5>0l A Hi= whe} o] A IF) HujaA Aol A4 TF
o vlarste] AoiA oz F ghs JERTh
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3. #3k&

<E 6>9F <29 14> H/R ratio B o g =FHA 52 Al F3H&2 Ao

= ehd Aot

X 6. F3I& unit: N/sec
dominant non—-dominant
. . Mann
side side . 4 P
—whitney U
(M£SD) (M%SD)
VGRF 85.1x6.47 10154485 19.00 -2.914 .030
120 1
.
100 | T
:
80 1 J-
60T SR
40 1
20 1
(0]
donimant sice non—doninant sice

H/Q ratiod] W& =Fdd 52 Al P& 415 8514647 N/sec, B4 1w
101.5+4.85 N/sec 2 G4 152 F3&0] 164 N/sec =2 o2 Yelyon F714
o2 o3t ztol7t YERGETHpP<.05). o= H A A= AASe djad = o
HAogeAAAgHo] AjHor T A4 F0] AHSRRY Ay = 4T
g 2|

ZFAZE AAR AgEHE SAES £ BAATIE X FFoR §4
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4. AAFTAA o]THH

<E 79 <29 15-18> =EdY

=2 Al Zx] dlo] A wo] 2= A H(IC)H-H

F&o] AR =% e AFMKE)AA7EA o] AATHAA ol HAE HERA Aol
w7 AATAE XY unit: m
. . . . Mann

. dominant side non-dominant side .
Axis —whitne s D
(M=%SD) (M=£SD)
y U

e

0 .019+.007 .0201+.025 31.50 -1.40 .160
COM ppee

?Y_)'_ .032+.0173 .035+.029 45.00 -.38 704

0.05 07 Koee MeximumFexior

0.04 06 e

003 L 0.5 Prresssssantrestrterd ettt aEE

0.02 I = X Z: .

0.01 0s e o cenrer

o O:) L ominmant side non—cdomnant side O; .

9 14, A 2 9 15. A #S-
0.07 r 025 Koee MaximmAexion

0.06 r
0.05 [

“m B

0.01 [

o
.‘,;‘:;“7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70
&

T 16, A A

H/Q ratiod] W& =Fdd 2 A AAFAH JJ’“?‘(X*aXiS)Ol%tE‘ﬂ

020+.024 m =

019+.006 m , @4 1&F
v, AR el Ak LA THp>.05).

m, €415 9]

dorrinant sice non—dorrinant sice -01

035+£.029 m= I 1w°] 003 m O ol&3g Ao

I8 17, AR A

= E ]

A 1E0] 00lm H <29 Aoz ElGO

AF(Y-axis)ol s Wl 3 4 1F0] 0324017
oz vehkoy ¥

£ EAA folAE dex 29 2ed <29 15>, <18 16>, <19 17>,
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<2 18> oA e} o] dAIF AF(X-axis)ol WY e} F¢-X-axis)HY7F 4
JFRT 3A JYebd A4S wo] dAaFe FAA7F EorAstA UEld Ao 4
2 4 ok

0_1.4

ot}
¥ 8 AHurE XY unit: N/BW
dominant non—-dominant Mann
Axis side side —whitney Z P
(M=%SD) (M£SD) U
X .024+.021 -.009+.037 16.00 -2.573 .010
GRF
Y -.093+.077 -.064+.023 45.00 -.378 .705
0.06 02
0.04 F l' Bx 01
002 l [ °
O ) ) 0.1
coninert sce rm%%sm 02
—0.02 1 03
_004 i -04
-0.06 - 05
5 18, ARk Xgk 9 19, ARk Xgk
O 1 1
-0.02 dgminant §ce non-cominant sice
-0.04
-0.06 | T
-0.08 | l
o1r =hd
-012
-014
-016 |
018 L

%) 20409k Ygk =7 21 Ak Yz

AR
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Y
o

H/Q ratiod W& Z&FdHY 52 A Ho €34 = oA Yehd
=

(X-axis) AHAPbE 2 4725 .024+.021 N/BW, €4 1&F -.009+.037 N/BW = $4
Sgel 2 Aow yugon], BAHOR §o3 oS EITHp<05). ol ¢4
2Fe 9% AuwEe BN oy AHIFE YSAuuE s WA AL

AS(Y-axis) AW 2 9415 -.093+.077 N/BW, @4 1F -.064+.023 N/BW=
B S Uebgon, B4 fot dehA g o4
Wb <aF 19>, <" 20> o] A/ 179 AWRkee] 029 N/BW ZA eSS

o, o] AATAZH] SHIFHDG FF] 9T Aoz AT & Ak

me o

6. <A %E (electromyogram)

<E 9 <a¥ 23 24> =HAY T2 A FXA o] XWHe 2= AJHIC)H-H
FEo] HAU2 =35 = AHMKRAI A7 9] Het EMG #t2 Hdl EMG #t= e
W Aol

% 9. I3+ EMG , HUY EMG unit: %
dominant side non-dominant side Mann 7 p
(M£SD) (M£SD) -whitney U
=
E ° 27.13+543 40.74+18.15 18.00 -2420 016
iy
M £y
G o 30.12+7.40 41.04+21.38 16.00 -1.739 .082
o | © \
20 L
10 20 r
° domirert sce non-doninent 12
sice dominant sice non—dornrinant sice
9 22. Hi EMG % 23, Hd MG
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<Y 23>9F o] LP Fihel A vehd Hyt EMG #2 415 27.13+543 %, 4
A 3F 40.74+1815% 2 B4 1F 9 Hit EMGHEOl 1362 % =& Aoz ek on,
EAHFoR o3 2o]Z YEFHTHP<.05). ol EAIFo] FA A A A
g8 st P2EFY] 2ZAHET Ee 3 ongt

LP ztell A vebd Hof EMG #2 54 1% 30.12£740 %, 94 1 41.04+£21.38
%2 dAIFE] 1092 % =& Aoz YeEgoy, ¥ 153 A4 F9xE YERY
A @kt AR <¥ 24>9F HE upel o]l A 1w Hdl EMG #hel A
ox & Aor yey Hit EMGS Zo] F2ERS] o AT B2 Aow 4
Atk

12

i
&

B. H/Q ratio H]|&3 &35 H%3 HIFAY FAEH

<% 10> H/Q ratio?t Es5dd &2F A SAsks E gy Qe daad

= Jehd Aot

Rate VGRF | Loading KMF COMX | COMY | Mean Max GRFx | GRFy
Rate EMG EMG
Rate r | 1.000 —.037 | -.542 —142 | .134 —107 | -727 -.566 516~ | —.007
VGRF r 1.000 662" 497 .259 324 .051 062 .459° —.229
LoadingRate  r 1.000 .306 141 .389 .280 .280 .035 —.400
KneeMaximum  r 1.000 485 —.001 —.169 —.279 226 138
Flexion
COMX r 1.000 —-.034 | —.066 | —.147 | .267 -.002
COMY r 1.000 .305 497" 101 - 217
MeanEMG r 1.000 889" —.256 | —.170
MaxEMG r 1.000 —.341 —.263
GRFx r 1.000 | .173
GRFy r 1.000

*p>.05, *xp>.01
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<& 10> A ek #Zo] H/Q ratio?}t F-3h&(r=-542, p<.05), <1¥ 25> Hi EMG
(r=-727, p<.01), H ol EMG (r=-566, p<.0D)elA <G&#AA 7} YdEST. 5984
Ak daaAd A= A AU I ek (r=662, p<.0l), HAHFE=52
T (r=497, p<.05), FFAHIH (r=516, p<.05), AN AHBAA 7 Ve o, HAEE
=q7 e} FH9ANAFA YAAE (r=.485, p<.05), oA AHEA I YER T

FgolEHd et Hd EMG (r=497, p<.05), oA A&##A 7 verytar, 3+ EMG

H EMG (r=889, p<.01), oA % A& & A7} epwkth o2 =3sta] md H/Q ratio

o] ¥24% Helgs Pasit AL s, BT EMGS Hel EMG £3 H/Q
ratioo] 2 +% st 40w 49 4 vk Gty Wl AnAd AL 4
BATRE] BeE Rokg £d Frbes AL duiste, nd FIH4Es} 27
G55 9% Auueln 920z AAFHolFe] T A e £ A4
FA A5 o FUA FABFF P2EY T BYE/ gadtE A0 48 £

LoadingRate
[

MeanEMG
7

@ oo S oo 2
S
o o & o0 \\
c000 6000 5000
Rate Rate

% 24. Heks 09 25, S EMG
o o o o

o

MaxEMG
9 /
7/0
7/
2
[
o
[
LoadingRate
?
c
\
0
0

% 26. A EMG 9 27, A



KneeMaxFlexion

GRFx

125.00] n 0104
o
120.00-] > 1 o
o = o0e-]
o e
11500 //
e 008
T o -
110.00-] ° — =
i ° 8
// © ° 0.04-] ©
10500 _— @ //
o /
002 o — o
100.00-] o — °
° //6 < 20
o
e &
95,00 oo __— oo
250 350 5o %o sto 750 ) o500 10000 10800 11000 11200 12000 12800
VGRF KneeMaxFlexion
19 28 _7:<_||:H _E'J_%T'JH: 18] 29 A[j-l%/\lf'{ X
= . === = B (==
°
o075
0.0
° °e
_—
0025 e
e 26
000 BT
e e
e 8
== .
0.025-]
2 o
~0.05-] -
40'00 s000 &000 7000 80'00 2000
Rate

%) 31. HQ raio2t GRAxQ| 2kt
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