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ABSTRACT

A kinetic comparison of riding posture according to the
fence heights and take off distance during show
jumping in equestrian

Sang-Taek, Yoon

Department of Physical Education, Graduate School,
Jgu National University, Korea

(Supervised by professor Che-Cheong, Ryew)

The purpose of this study was to compare the kinetic variables of riding posture
according to the fence heights and take off distance during show jumping in
equestrian. Participants selected as the subject were consisted of adult males(n=10, age:
15.00£3.19yrs, height: 171.80+2.78cm, body mass: 73.02£9.92kg, low extremity length:
96.6813.30cm, stirrup length: 72.00£0.00cm) and divided into 2-types of fence
heights(50cm, 80cm) according to take off distance(50cm fence: shortest
distance=87.50+39.47cm[ratio of height 50.93%]longest distance=102.60+54.84cm[ratio of
height 59.72%], 80cm fence: shortest distance= 156.77+59.84cm[ratio of height 91.25%],
longest distance=201.45+40.11cm[ratio of height 117.25%]). The variables analyzed were
consisted of the upper-lower extremity joint angle(elbow, shoulder, hip, knee, ankle),
dynamic postural stability(displacement of Y axis COM position, displacement of Z axis
COM position, COM velocity, front-rear angle[FR angle], left-right angle[LR angle],
front-rear angle excursion[F-RAE]|, left-right angle excursion[L-RAE], kinetic
variables(potential energy, mechanical work, power of COM, average vertical force), and
asymmetric index(elbow, shoulder, hip, knee, ankle).

The 4 camcorder(HDR-HC7/HDV 1080i, Sony Corp, Japen) were used to capture

riding posture at rate of 60 frames. The raw data were collected form Kwon3D XP
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motion analysis package ver 4.0 program(Visol, Korea) during show jumping.

As a result, the following conclusions obtained were as follows.

1) Upper-lower extremity joint angle

@ Angle of elbow showed significant difference statistically according to the fence
heights and take off distance during show jumping at HCM. but interaction effect
didn’t show.

@ Angle of shoulder showed significant difference statistically according to the take
off distance during show jumping at FID 1 and also interaction effect showed
significant difference at FTD 1(H>D).

@ Angle of hip didn’t show significant difference statistically according to the fence
heights and take off distance during show jumping at FTD 1, FTO, HCM, FID 2, and
HTD and also interaction effect didn’t show.

@ Angle of knee showed significant difference statistically according to the fence
heights during show jumping at HCM, and also interaction effect didn’t show.

© Angle of ankle didn't show significant difference according to the fence heights
and take off distance during show jumping at FID 1, FTO, HCM, FID 2, and HTD

and also interaction effect didn't show.

2) Dynamic postural stability

@ Displacement of Y axis COM position showed significant difference statistically
according to the fence heights during show jumping at TO and S 2, according to the
fence heights and take off distance at S 1, and also interaction effect showed significant
difference at S 1(H>D) and S 2(H>D).

@ Displacement of Z axis COM position didn't show significant difference
statistically according to the fence heights and take off distance during show jumping
at FTD 1, FTO, HCM, FID 2, and HTD and also interaction effect didn’t show.

@ Velocity of Y axis COM position showed significant difference statistically
according to the take off distance during show jumping at HCM, FID 2 and FID and
also interaction effect didn’t show.

@ Frontrear angle of trunk showed significant difference statistically according to
the take off distance during show jumping at HCM, and also interaction effect showed
significant difference at HCM(H>D).
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© Left-right angle of trunk didn’t show significant difference statistically according to
the fence heights and take off distance during show jumping at FTD 1, FTO, HCM,
FID 2, and HTD and also interaction effect didn't show.

® FRAE and LRAE didn’t show significant difference statistically according to the
fence heights and take off distance during show jumping at FTD 1, FTO, HCM, FID 2,

and HTD and also interaction effect didn’t show.

3) Kinetic variables

@ Potential energy didn’t show significant difference statistically according to the
fence heights and take off distance during show jumping at TO, S 1, S 2 and GL, and
also interaction effect didn’t show.

@ Mechanical work showed significant difference statistically according to the fence
heights during show jumping at S 1, and also interaction effect didn’t show.

3 Power of COM showed significant difference statistically according to the fence
heights during show jumping at S 1, and also interaction effect showed significant
difference at S 1(H>D).

@ Average vertical force showed significant difference statistically according to the
fence heights and take off distance during show jumping at GL, and also interaction

effect didn’t show.

4) Asymmetric index

@ Asymmetric index between elbow joint angle showed significant difference
statistically according to the fence heights during show jumping at GL, and also
interaction effect didn’t show.

@ Asymmetric index between shoulder joint angle didn't show significant difference
statistically according to the fence heights and take off distance during show jumping
at TO, S 1, S 2, and GL, and also interaction effect didn’t show.

@ Asymmetric index between hip joint angle didn’'t show significant difference
statistically according to the fence heights and take off distance during show jumping
at TO, S1, S 2, and GL, and also interaction effect didn’t show.

@ Asymmetric index between knee joint angle didn't show significant difference
statistically according to the fence heights and take off distance during show jumping
at TO, S 1, S 2, and GL, and also interaction effect didn't show.



© Asymmetric index between ankle joint angle showed significant difference
statistically according to the take off distance during show jumping at TO, and also

interaction effect didn’t show.
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(Lovett et al, 2005). ©] fo= 7|sAtet HH(saddle) Al Tt &5 3H4] (kinematic)
(Bystrom, Rhodin, Peimen, Weishaupt, & Roepstorff, 2009), H& 3 H(fitting)e] 7
(Peham, Licka, Schobesberger, & Meschan, 2004), H7&¢| -3 (Witte, Schobesberger, &
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T ZolE Eol9 2efAgd W& 7|SAA (rider posture) 2t 54 BF(impulse) &4 ©] 5

g3t #AHEAG & AdEs 9] A, JIsAA ERAR Bdee 42 F AATL
Ao Aol o]l Fasitt. rhguhE(dessage)? Aol= M€ (jumping)l

A AHEEE e 71ee 29 H(fore)-F=(hindlimbs) 22 YO = A FH3to| Pl
n & 4 9o ™ (Roepstorff, Johnston, Drevemo, & Gustés, 2002), &% <X (McLaughlin,
Gaughan, Roush, & Skaggs, 1996)¢} F-7|(Barr, Dow, & Goodship, 1995)° wa} %24
L st dd 4 Ut
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g #Holg. 53], ZeAA e Ed T AA L AU BolA A FdS LA
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& French, 2006).
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S (SLEMW, carpal bone)> 7712 W7l 22 YdH glo] Aol Fo] Yoo
AHA A 90deg.e] Ze olF= 8F, HE FT=(Ls M, metacarpal bone)s 7t

EE Ao 2N AT Bt To] Aok FZS(SLEM, tarsal bone)E 6719 w7}

~

2=

39E UdHo lon, IFE2 Ho e A 3HEZAA T, third peroneal)©] &
HH(FERH, stifle joint) =57 Bl (hock joint) &5 AZ Afste]l E£RdT} nldo
SN EEES dFE Ve A Ao

A= (L7 e, digit)oll = &9 E A= (proximal sesamoid bone)o] JJA F-JATj(HAT,
accessory ligament)o] |3 A|FHFE EolFE& FxE 7ML oH, &

WS gHA 2y U JEE o

H T (vertebral column)

H&Z (scapula)

& (ilium)
\ h‘k PR HE P (scapular caritilage) ¢
R e e \ =7 = ;
%2 (mandible) "’\_ 17 A 9n"’ 7‘“‘*"'"" Ve "77 . A2 (pubis)

\&i{/ if\:{?i;(\sgapula)
AN

| ﬂ%(ischium)

A2 (humerus)
#ﬂ‘_“(costal cartil o
&2 (sternum) > ,l s rilage) % 1= 2 (femur)
HZ(ulna) \ - ; H|Z(fibula)
£=(patella) —g‘_é'(tibia)

2 3 (radius)

213 (carpal bones)

= i‘ "
% #=(metacarpal bone) /’JO“ % D HFNZ (proximal sesamoid bones) |
g

AFNZ (distal sesamodi bone) ~
/&-"

HI1A Z(proximal phalanx)

Z A (metatarsal bones)

282 (middle phalanx) " HI3X Z(distal phalanx)

Figure 1. Horse skeleton
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& ¥ 7472 A5 A Y (Federation Equestre Internationale, FEI)] A2 o] x| ¥F FEI
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Aalo] Higk o FUA FEF A (s rE 3], 2014).
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& T T I ASEES o) Fo IS 24 StolA ZolE AAE G v AVE
e, 4, o] Hrl= A= HldoA T ARE, 9, Ve, &5, 5F, 193 Ads
o srtae AHEoo 3t} AA, A7t Follee dolxgr], AR, £2AARLE 23 59
AAS A HY AHE WA He, 3719 eAe A7 ¥l w7 ARe A
A BAY 7 wE AL ol 225 gFsAY T 52 SAe &Y A 90

npA RO B Ao E HIE AT|dA e gdAES At mabd FolE vld A3 A
& vl A7d AE&He FAH FAE TFey] A4 ZolA, 4719 BHE %F
st = Aol ofyth A Aot 34 BFoA oW IS AEHee HEof
& AFT 7HA 0l BR, ojF o r HojE HEAT|IE EFHeHE e k(e rtE
3], 2014).

Barrey$} Galloux(1997)°ll &Jat® # 3 (jumping)d 7194 T A flo] AlES A&
T Slofof at Heol=e] Eeol, A, Fo] 2o FAH Ty AFd IFS HFrL
stk 53], A3 HBE A% kA WA el AA, F

Z(hindlimb)9] Z=¢kAE], 4, = Al Z(fore)-FZF(hindlimb)2
(sagittal plane)oll Al & AlA19] 3HMEHo =z Hustn

53], E%(take off) Al o FAHL FF7](swing) /\]3} BE 7] £x9 A
7194 Weks AAste 2 AAFA(COM) ©=Rds AA g THBarrey & Galloux,
1997). =oF Al &&of S FE WAL ZAEY lEolﬁ?Jr A& A A TH(Bogert,
Jansen, & Deuel, 1994, Clayton, Colborne, & Burns, 1995). &, =°F A Stie]dl] 7}sfA]
© 98 357 @A s AA &5 ERES ABE & 7] "Eel @ AA Y A
EAd FaFo] A ZelES 97 AT a3 a<lo]thSchambardt, Merkens, Vogel,
& Wilekens, 1993).

Lo
ofy
i
S
S,
)
>
ox



4. YOI HIE F7[F & =E¥

Foll= v T

[e 74
L

3(2014) 9] 371, =€ 2 dF8 Foedt dd 1A

g

%}

g
ol HAE e o

3 2o,

o
=]

|

tH, 471

S

@ 717 el= H=Al Apge] S5 lofof

of gtrh(th gk ry 3], 2014).

—=
o

fr
el
oy
A

K

n)]

Fa e o Un7l H4 20m o)A

= 4 1,200m*o]ojoF &

@ AW 471782 =271

ofo}

of |n7k 4 50m

]—:ﬂ‘/ é"ﬂ—% b
3t5E 7%, FEI Bl & vlg 0y

S

ol A9 A7|Ae I7)E HA 4,000m2o] o] oF

3], 2014).

&
=]

&g F Ao Esrt

w0

—_
fite)

I~

o)
st

CHERERED

Bl

£ &

1
M7} B,

(spread) Zel&

IY=

o5 %4 Ao B 179 2

3l
S

,

S

o] MA5he]of

o 3

3

toh 284 o] 7|52 Y (winds)©]

<]
pud

717} gleok

Bl
HE

Y ¢ 2ko] E(uprights) el

JTH(d 3hsrd 3], 2014).

o
A

<
T

M@ R ol9)e AAE ST R AgL FAHY o] F 9

=
s

919157}

1

NI

i oF

=20k 1 Ys

Fo

A58E& Zol=e 717k AMst= 2

)
—_

ey
BI

o
!

|

2014).

AL Zof Foll A

o
3

S 2T
= 1T =

=
©

cle Ao 3 WA HE w2 okl

2}

=

a
H 1m "o

@

oj

El

;OT



3], 2014).

@ 1.30m ©]de BE Ao Eoll= HAad 27 ol gzl 3 ¢toll B4 FHojEo =
of Zof| 9|5kl glofof sttt ol It ERle] AMEHEA dRe BARG G
29| vio= 4 1.30m wRkolojof rh(th kst 3], 2014).

@ mhefoll X& s Aol=o] Hddl Agske A, o Fiol 747 wE EdH
ol @ojd & =E Ho| glojof gt ool m o] OPoﬂ Eoj7tek gk ey X
g g A% £ A Huivb dE F doem, oA X g FARTG H4 20
cm ©o|% Eolok ATH(thetsrE 3, 2014).

@ FefEe] A e &F Eol 3 <ol Eo7t dojof @t o] HulE FHel A
g & 4% W & M & 7M3A g FolAe ¢ ¥
T3k w4 8], 2014).

® Hd ZelE Eol7} 140m ©l3kel A719 A5, AFAe] Aol
71 A ] AA ZoE A Fo] € ZET 10em ol %
oA ZolE Eol7F 14mEY 0, AF5H FHES £0
T Pkt gsrtE 3, 2014).

® TriEel #H <ol & A FF ol 4F Eoll AYA UAY wixE B EEs 1

_|>~_1,
o
2
_{

k-3
o
X
i
=)
fr
N
N
1

® <= WS w(ogsrtE 3, 2014).

@ B9 A7 AE Ay, AN MY AA HEgFo R FoES wdstA] &9k
o

®



2014).

5. Az £

1) AR5

gherted 3](2014) 8] “Hol= HIE 470l et AR7IE] tE AL v 2
.

@ h3lolA 7 A7 ARbE S8 "oe 22 A2’y e F
AAE AT RE SYUYATI A97%7], FEI Addis], FEl ¥
CSIO, CSIelAl=, FEI Zol& nl€ tde7t 43 2AE 5o d9F5 &3 497t
obd &, FEIZ} 513 gtol® AA7b 78t o] Qo ofd oA AA ade A
b Efol® Al2’lg o] &3kl o] MEel gt ¢ AW ARES 7|E3te ok dth
AIZEE 10029 1 2 S97HA 7] Sefof oH(thetsrhe 3], 2014).

=]
lo
>
r_}[_‘
i\
ol

[
i)
=
j‘:_"
o
Lui

o

@ A4 Eolgol 1Y ASE s T A UAY 2EAA} Base, $u3,
F9e o HE Mol £U F AAA AU AL, T A A% FohE Aole] 28 A1,
Vg ATAT 5& FHF A WA 2BAAE Fasith & 4BRY gEy 1 74
e weA A" 2EYRE D Qofok BrhEld4riEs, 2014)

Q@ 2FAARE NS Ae A7dA e AE 2 @99 10089 12 &
sttt 2o AN 29& ARSE AS, o AA 899 AZTHE F4 Eolgog Fz)
slok s, 7 WA AN 89 A oH] = ARRITH SSHE 3]

@ AA golW AA7F 1Al g, I 1R BA AT A 10029 1% @99

FHA =2 AAsH ok ok P—G—U}%‘Q 2014).

® BT L =315 o] &3t A Bt AME Aste ¥ AR vk dsrtd
3], 2014).

©® Ao 2L/ FHE ABT W2oA HEs #dd F Jle A, 22
o 3 W, TR T W, olFHA & F AFAA JIE E
o] B35 ATsA dfoF 3t} A BheE SR A AR AlgE ulaoA 7

s oF FHok(thZhs 3], 2014).



3t rtd 3](2014) 9] “AolE HIE A7 ot FTAE AR A g A4S
o

o3t 2o
D Azrol FHE ok AFE 04 AR Frhs do] 28 WA AHEA T
2 Boltd 4 AT F, A7te] FHAYR AR ATk EFH He) Azte] TA A

@

N,
N
ul
S

ol
>,
[
et}
rlo
rx
e
o
&
Mo
[
>
N
rlo
il
rhu
>,
)
T

"
N
N,
N

fru
o
o
ol
P
=

3) ANZEA

EEToR A3 A7t Bz AAE HIAIIAY Holxd Af e 3 A
=olu AdZNEe] BAE HAsks 719 AAE HISANAAY Hoj=d Ay, 71E 2
EPoei ozl A& WA 45, "ol &gA Hi Fogo] F7E WA
Azt SEE T (s3], 2014)

Aoge] EHY, 227t FxlFEeY dee geEs ASdE Foe do] &d
A Aok Aes 77 g 43S 2 511, O g7 BeEs gRdeE 2" Al

ol 6z ARt HAo]l TsjAA Hrh. To] ARAY Foled] Ade "W w1t
ARl ©Al Azt B3 AolEe F HA FEolu I Ui HElM Zelw/7]
stek teo] E&Fo] WA A, Lol 5 Aoee] A WA FAH8L] Ade wWd

2 HE AZEo]l Al AR (T Rbe T 8, 2014).

@ St d=471/A"7e 47 HAA £= (s rrE 8, 2014)
@ %= ok A% £ HA 375m, HI 400m, A AS £ 350m(H s
3



@ dlol 2= 5% & 4% do| A ok 77| % 9 400m, 3* d|o|d=F oY
74719 74§ £3 375m, 2r 2 1* HoldxH A7 d BE AU dolda A7 A¢

nH 3], 2014).

4
O.

[68)
&
B
=
ok
ofy

Galloux$} Barrey(1997)7} 1.20mx1.20m “&oj& Hl¥ d7] &2 TrackEye system(2D)
= A&t 3079 Thorse)oll Al 9718 FHAA, 7Y 2 HHA 7Y wiAE F
Zsto] FAEAES AARE A3, Z9Ktake-off), B (jumping), I3l ZA(landing) Al
ZF BALE FE(body) AA9 M oty RHusih. Sd], Bd F AR
(trunk), ¥=(hindlimbs) 18]i ™ 2(head)-=(neck) #4Ho] 7} & FFES +

=

Uebsta, A4 24 7F ¥-&(coordination) 2 AN EE He B AL

ot

o VlEg B4F A3}, AES v]E(push) B4 AAGUAE 3 ZJkgl 7‘*0}%‘1/ ohA
o BANAE 420kt o BA FVITIRL STk E@ Sofe] B F F71F4(COM)
o 49 &% UAE o A Hwste Lekg! BTt 43R T, A U=
(8950l Z1eiste AUA) 23)kg’ 2 RISKE ol FYE ol AUA} e
F2M 95 Zoly A&Hog I8 o8 A4 B P =S FFo|
Topsle B9k el 28 F2 ouUAS ANEAT, oA Zk= A4 25ke
Havtg] £9L& 71Wkg! olgkn Bastgoh

Hole, Clayton¥ Lanovaz(2002)v =93 HHFol|A Lo] 275 de &< AlxIHS}

o & M strided] &5 WHAEZHo], BAo], BHEO LA £5)& FAbs)
7] Y3l 87 T(horse)= 147m, 1.51me] FelE H71E AASAT. 1 A3, F ZolE
B AR SEE QAT BE ol o) ggtor AAAE § Fopitn 34l
o m3E T 3 T AolE Abolo] BHE Aojo] Wste d@A o] WekAIRE, ~Fl dojof ¥



(withers), X124 (tuber sacrale)?] F2HS], 4 H £H &5 557 Wy T

=
A9 FF(thoracic), &8 F(thoracolumbar), &% (munbosacral) 3F&2 =4l
2~

(flexion-extension) &< 43R 1 A3, olF(take-off) A FFH 29 TA A
FToFS 8HF o] R =ZHo] FUISIAAR 713 B JAAHY £r= ot HAH
R, FS FF AF5Y 22 24 A dogE F uEA i FAE doE d 24
of A&AY F4& YT St

Murphy(2009)7F H8 3 Al 7]z F22 FA7E Tn=6) 4%l A= &=
A7) 9fEl 1.25me] AlE 9718 AAEAT 22 A RS5AES Z2E Ja 3
A 2 0502 Yol BE TolA 1038 HBe FHEA sttt ol 1F 12 1-53]
A Bz Qlo], 6108 H=22 3, OF 25 153 A =228 6108 = |
Ao m AANG A, YA T Asode & A7 AR, FAHY &%
Fsgos Aol7t eyt =8 ZE 2o FHYL F= 2§ A 1.60m, F= v#F

& A 146m= 413}?494 do= tEA UEE, AR SAHA ddAT ) v

o] 9} 7Elo1, %OH% u]%wr Bd AT 54 Wd U@ B4 FL 0D 24 5
oW, TBA 20| olTolAE )T WLelX T B2 NeAe] AR A
T B2 Ao



1. LA

7o A 10 o] srbEd gt A EE Bl Ao o] o] fle A]ld
108 & A3t th<Table 1>. ©]E-2 tl#E Y (thoroughbred: height: 163.42+4.72)& ©| &
ato] F 33, 7AIZEY] Vs Fe Stal dow, Ao ARG} RAe FEs AWt v
AL Aoz APA7L Mol MR F AASHAT.

= A7ellA dFstAe] @sAe 24 el Fodd i dAE A 4l (dominant)/
H]-#-All(non-dominant) A A|(limb) o7& Xzl oJ&F A3, EF P(right)So] ¢4 A
Az 2AEAT. £ ZolE vld Al A et Ad-skx] e AEWEe Vs
Al Mz gg zpol7k A 5 Q7] wEdd sAEolE 72emE A Zd= VIsAE
= AdAstit

o,

Table 1. Characteristics of the subjects

Section Age Height  Body weight length(cm)
(yrs) (cm) (kg) low extremity stirrup
S1 38 177.11 8241 102.12 72
S2 48 169.26 81.51 95.49 72
S3 44 168.69 57.66 100.15 72
4 46 169.12 59.76 94.59 72
S5 46 173.90 80.55 90.58 72
S6 44 172.87 83.25 98.45 72
S7 50 170.71 74.24 95.65 72
S8 45 173.82 72.76 9717 72
S9 46 169.44 61.29 9421 72
510 43 173.15 76.85 98.43 72
M=SD 45.00+3.19  171.80+2.78  73.02+9.92 96.68+3.30 72.00+0.00

Note: Values are mean(M)z+standard deviation(SD)
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BAo] Mo <Table 2>9} T},

Table 2. Experimental equipments

Equipments Model Manufacturer
Camcorder (Mini DV) HDR-HC7/HDV 1080i SONY
Tripod 055XDB MANFROTTO
Control object 2m>x2mx1m VISOL
A/D sync box VSAD-101-USB-V2 VISOL
LED MP-20B MATIN
Light - VISOL
Kwon 3D XP Motion Analysis Package ver 4.0 VISOL

re
re
-
=2
X
of
ox
i
1%
o3
Ry
rir
N

)H1€2] Kwon3D XP Motion Analysis Package ver. 4.0
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Table 3. Marker attachment points

Order Marker attachment points Order Marker attachment points
1 Toe 17 Medial epicondyle
2 Heel 18 Left  Thigh
3 Lateral malleolus 19 Anterior superior iliac spine
4 Medial malleolus 20 Lateral wrist
5 Right Shank 21 Medial wrist
6 Lateral epicondyle 22 Right Lateral elbow
7 Medial epicondyle 23 Medial elbow
8 Thigh 24 Shoulder
9 Anterior superior iliac spine 25 Lateral wrist
10 Sacrum 26 Medial wrist
11 Toe 27 Left Lateral elbow
12 Heel 28 Medial elbow
13 Lateral malleolus 29 Shoulder
Left
14 Medial malleolus 30 Chin
15 Shank 31 Nose
16 Lateral epicondyle




Figure 2. Marker attachment points
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Figure 3. Body segment angle during show jumping

- 0" A=A E(hip angle) : A (runk)$ t)E (thigh) W El7} o] 2= AUlA=R Felaty
A AR (sagittal plane)oll A AL (1)F, FHE (YRR AAIA

- 0% B271%(knee angle) : T H(thigh)9} 318 (shank)WE7} o2& Arjzteg Hols)
S AW (sagittal plane)ol A AL (W, 2HE ()= AT

- 6. WEZ % (ankle angle) : 31 (shank)9} Hfoot) ME 7} o] F= AUlA TR AosiH

AZFTE (D@, WSITIE (Jpte2 AHsgrh
- oh 7] 2 = (shoulder) : & A (trunk)&} “FSHupper arm)°] o] F& FUHAEZ H3F
3 A4 (sagittal plane)oll A EFE (M), AHL (Feg AAsA

- 6 AR A= (elbow) : 3 Hupper am)3} A(ower am)el o) T Ai4EE Fols
A A3¥(sagittal plane)ol A AA (HF, 2FL (FeE AAFT

b4



- 0% BA9) AFAZHFR angle) : AW (sagittal plane)ol Al SA7F FA Mgl dis) Y
Z(axis)oll W FHA RO AAAAE (M@, FAAAE (J#oE A8
- 0" A9 H$AZHLR angle) : T4 (frontal plane)ol A SA 7L M o] His) X

(axis)ol] U@ FHZLEIN AAAAE (M3, $AAAE (RO EASL

A BERE A5 FASE T HEH9 WH(dot product)e o838t AET AolH
o] Aol o8 F WY UXi, Xj, Xk)e+ V(Vi, Vj, VK)7}F ol F= 24 0=
5 Ue V XY+ X, Y, + X, Y,

ol IVl x2e x2e x? e Y Y Y

2 A= Axkd cosh #FE Xeha ¥ 6= arccoszE TITh

- R WA (hip joint) 7H=e] Ak
ol =) (thigh) &8 HE].S,0, (X, Xj, Xk A (trunk) £4 965, (Y Y, YK)7F ol

=
= 7

‘Sythigh ¢ kS:frunk'
S;thigh‘ ¢ |*9trunk|

¥ = arccos |

- F&%4 (knee joint) Zt=9] A4k
35 (shank)&d ME .S ,,,(X0, Xj, Xk)eH thE|(thigh) 4 HEL.Sy, (Y, V), YK)7F
olF+= 2zt

-

S@h(mk ¢ ‘Sythigh

(= arccos
| sh(mk| * |‘5;5high|

- HEAA (ankle joint) ZtE<] A4t

L(foot) A HME Sp,pn(Xi, Xj, Xk)SF 8FE|(shank) &4 HE S, ,0(Yi Y, YK)7F o] F



~

|

shank
Sshcmk |

é%bot *
‘éﬂbot

Q. = arccos

b AR B

<)
pul

@ Ao 71&7] AEE o) &

O

of

of Adel "= FIAA T)sAke] A=Y

=
=

.?T

K

s
=]

Hexcursion) & AEsATHFAA, Eed, 2014, DT, 2015). o|H,

H 2

2

o] 7]27]

Al EE AA A o] A

27F S8

Ry

A

947} ol golH 71871

o

)
of

<°

o]t AFA|tE 4 (FR angle excursion/F-RAE)

4

E |\FRO,t— FRO,mean|

=0

ot

F—RAFE

F ZFA9HE A (LR angle excursion/L-RAE)

S
pul

o]

=
=

@ 2% 7147

t

E \LRO,t— LR 0,mean|

0

_t

L—RAF

A

<

A

® COM 3}9)

il

%

Z1sA7y Zole v A, 2R AR AAFHCOM)S] A FE =oF

A3 Eol ARAA AZ A%

, 2005).

, 214

2~
T

Fieh9 2

5

249 AzHHez UFo COM 39 & 4=



work: Foe d:

Power = Y Y Few

COM(P) = \/ (mgdsinf) Xt(mgdcose)

(d) = \/(COM Yam’s)Q + (C’O]WZa:m's)2
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A7t 9] o] EHL(Z axis distance)

ol .

@ BRI A2 ALt
H] T} % A] 5*(asymmetric index, Al)== Robinson ¥2}(Robinson, Herzog, & Nigg, 1987)<

AEST olul Weds RARQOS)e] S B0 A TeAe ¥ gaA Bl
Zee] By AdPEe Fustel B4



mean fp—meanf

Al (%) = < 100

(mean 0p+mean HL)

olwl, Al%)E 02 o %= #A 72w 7+ 947 g, Al(%) gl FARSE I

Al QJFAQl 71384 S st AW rHGE0mx20m) oAl 4the] Fidet 9 %
32k FHRFE A Al FAHEQm2mxIm)E 7SR 7}
AEE AW Y alignment)©] HESF F2%0] 57em Aol 2 A5t
+ 60frames, =ZA|{H(exposure time)< 1/500sec® AA3tS F
T AA TeAA BFe AAIS AT <Figure 4>.

271 fell tgASAA ol ER 249 srtES #
A, AAEAe] FATAT A FASAHY AAE Ater] f& dAREE wjop
body segment parameters)= Plagenhoef 5(1983)¢] A5 & Falste] tA|gtold =
A 210 2ol 714 101 ¥ £33t F 31719 45 e AP A
1 Ch<Table 3>.

A, z-@A o 302 o] d T2 FY(warm up)= A

ot >

tlo ook
s

ot

Fﬁ od
2
ol
|
2.1_1‘
i}
-b' —{O{l

R
off m
24
o2 o e
o E=)
s N
1% T’i]
S n)
- lo
oo
o
N
Fu
]

op
>,
b

—_

o g
fmt >

et

tal
ol
2
14

o
=) _]N'
N

f
rlo
>

=
o
R
o,
‘L] o
()
o
~
Sote
ot
Ho
QL
g
>
N
o
ol
::l,
A
=
i)
olrt
o
>
o
]
o,
=2

AC
A
ol
kr
10
X
rir
e
N
ol
)
[
ineil
oo
=
lo
:cl){=1
o
—
2
X
N
2
Shl
=2
>,
()
o,
e

o

3, ¢ o

, 71 AA Sl oell AE3E AN =HA Get wEtA 4 AolE wolE vHE

ToFS AAG AF, 50em  FAENA TP ZHIE A

0+39.47cm(715AF 2121 50.93%), YA 2l 102.60+54.84cm(59.72%), 80cm - Eof A
& Az 156.77+59.84cm(91.25%), YA 201.4540.11cm(117.25%) = A A 3F A Th.

T 9k AFS nHste] sdd @A 853 747 19o] FAsAa By

d Aol A AAsHHY. F7te e

o
H}95L XFaxis), TR 5 PF BF £4S ZH(axis) ©2 HH AT

o
|o
ftl
=
N
(@)Y
tote
1=

[0}
N
a1

>~

rd

o

%

i
jaii)

Lo



Figure 4. Experimental field during show jumping
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FTD 1: FTO: HCM:
Event 1 Event 2 Event 3

Take off: Phase 1 Swing 1: Phase 2 Swing 2: Phase 3 Ground landing: Phase 4

Figure 5. Event & phase
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Table 4. Dorsiflexionplantarflexion angle of ankle according to the fence heights and
take off distance in horse riders during show jumping(unit: degree)

) Distance
Event  Fence heights X . Total average
Shortest distance  Longest distance

50cm 104.76+10.75 106.93+12.98 105.85+11.65

FID 1 80cm 107.11+7.93 102.79+15.35 104.95+12.10
Total average 105.94+9.27 104.86+14.00 105.40+11.73

50cm 103.22+13.51 104.13+9.16 103.67+11.25

FTO 80cm 104.72£9.17 103.99+17.25 104.35+13.45
Total average 103.97+11.27 104.06+13.44 104.01+12.24

50cm 100.27+15.15 103.97+12.41 102.12+13.61

HCM 80cm 104.37+12.76 106.09+15.93 105.23+14.07
Total average 102.32+13.79 105.03+13.94 103.67+13.75

50cm 101.15+14.61 103.69+14.39 102.42+14.18

FID 2 80cm 105.06+14.63 105.68+12.82 105.37+13.39
Total average 103.10£14.37 104.68+13.30 103.89£13.69

50cm 96.52+9.54 99.04+14.43 97.78+11.98

HTD 80cm 101.97+11.71 108.83+11.43 105.40+11.80
Total average 99.24+10.77 103.94+13.63 101.59+12.35

NOTE: event: FID I(forelimb touch down 1), FITO(forelimb take off) HCM(high center of mass),
FID Z(forelimb touch down 2), HID(hindlimb fouch down)



Table 5. Variance analysis result of ankle angle according to the fence heights and
jumping distance in show jumping

Source 55 df MSs F p n  Power
Fence height(H) 8.019 1 8.019 033 858 .002  .053
FID 1 Distance(D) 11.546 1 11546 250 623 .014 .076
HxD 105.723 1 105.723 2287 148 113 299
Error 832.033 18 46.224
Fence height(H) 4.638 1 4.638 016 902 .001 .052
FTO Distance(D) .083 1 .083 003 958  .000 .003
HxD 6.675 1 6.675 230 638 .013 230
Error 523.358 18 29.075
Fence height(H) 96.783 1 96.783 255 620 .014 .077
HCM Distance(D) 73.333 1 73333 3730 .069 172 448
HxD 9.722 1 9.722 495 491 027 102
Error 353.859 18 19.659
Fence height(H) 86.937 1 86937 223 642 012 .073
FID 2 Distance(D) 24.948 1 24948 2571 126 125 330
HxD 9.092 1 9.092 937 346  .049 151
Error 174.661 18 9.703
Fence height(H) 579.958 1 579.958 2530 129 123 325
HTD Distance(D) 220.196 1 220196  4.047 059 184 478
HxD 47.067 1 47.067 865 365 046 143
Error 979.279 18 54.404

NOTE: FTD I(forelimb touch down 1), FTO(forelimb take off), HCM(high center of mass) FID

2(forelimb touch down 2), HTD(hindlimb touch down)
of i Mauchly®] 784 S 23, sHFE 7ML WE5ete A2 YEST(p.05).
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Figure 6. Dorsiflexionplantarflexion angle of ankle according
to the fence heights and take off distance
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Table 6. Flexiongxtension angle of knee according to the fence heights and take off

distance in horse riders during show jumping(unit: degree)

. Distance
Event  Fence heights ; 5 Total average
Shortest distance  Longest distance

50cm 117.79£13.07 120.69£9.27 119.24+11.13

FID 1 80cm 115.39+9.29 114.22+11.40 114.81+10.14
Total average 116.59£11.10 117.45+10.64 117.02£10.74

50cm 122.9148.60 122.61£9.94 122.76%9.05

FTO 80cm 115.87+6.67 115.90+9.47 115.89+7.98
Total average 119.3948.32 119.26£10.06 119.3249.11

50cm 132.22+9.70 128.38+13.55 130.30+11.64

HCM 80cm 125.02+10.48 118.93+10.74 121.97+£10.79
Total average 128.62+10.50 123.65+12.85 126.14+11.85

50cm 127.60+16.71 125.52+12.89 126.56+14.57

FTD 2 80cm 123.94+12.02 124.09+14.39 124.02+12.90
Total average 125.77£14.29 124.81£13.32 125.29£13.64

50cm 120.26+10.43 121.62+9.07 120.94+9.54

HTD 80cm 123.9446.37 124.12+15.01 124.03+11.23
Total average 122.1048.62 122.87+12.14 122.48+10.40

NOTE: event: FID I(forelimb touch down 1), FIO(forelimb take off) HCM(high center of mass),

FID Z(forelimb touch down 2), HID(hindlimb fouch down)
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fence heights and take off distance in horse riders
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angle of knee according to the



Table 7. Variance analysis result of knee angle according to the fence heights and
jumping distance in show jumping

Source 55 df MS F p n  Power
Fence height(H)  196.293 1 196293 1108 306 .058  .169
FTD 1 Distance(D) 7.491 1 7491 126 727 .007
HxD 41.392 1 41.392 097 415 .037
Error 1068.432 18 59.357
Fence height(H)  472.794 1 472794 4124 057 186  .485
FTO Distance(D) 166 1 166 004 949 000 .050
HxD 279 1 279 007 933 .000 .051
Error 699.483 18 38.860

Fence height(H)  692.474 1 692474 5.029 038 218  .564
Distance(D) 246.661 1 246661 2169 158 108  .286

HCM HxD 12.645 1 12645 111 743 006  .062
Error 2047.086 18 113.727
Fence height(H) 64.719 1 64719 183 674 010  .069
FID 2 Distance(D) 9.293 1 9.293 208 654 011  .072
HxD 12.321 1 12321 276 606 .015  .079
Error 803.788 18 44.655
Fence height(H) 95.388 1 95388 714 409 .038  .126
HID Distance(D) 5.875 1 5.875 062 806 .003 .056
HxD 3.416 1 3.416 036 852 .002  .054
Error 1711.342 18 95.075

NOTE: FID I(forelimb touch down 1), FTO(forelimb take off) HCM(high center of mass) FID
2(forelimb touch down 2), HTD(hindlimb touch down)

3) dYBd g=

FAE vl Lo A ZFAT 9} Folo WE VAN 7t oWE ¥ YA = o
Y-S <Table 8>3 2t}
ol we} RE o|ME T A TofAE, MAAFNE Eo|, ZekAxANE =)
of thg Mauchly®] 734 A5 A3, FHFAL 7ML BEste 202 UERTH(p.05).
<Table 9>9} %°] FTD 1, FTO, FTD 2, HTDIA =A<} Aol & Folo wel Jua
d 4z Wsts 5AE fo Aole gl ZoZ e, 45dE 3= Qe 2
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Table 8. Flexiongxtension angle of hip according to the fence heights and take off
distance in horse riders during show jumping(unit: degree)

. Distance
Event  Fence heights ; 5 Total average
Shortest distance  Longest distance
50cm 113.32+4.96 117.09+9.52 115.21+7.64
FID 1 80cm 114.89+5.73 112.80+9.27 113.85+7.58
Total average 114.1145.28 114.95£9.41 114.53+7.54
50cm 115.95+4.67 118.62+11.09 117.2948.40
FTO 80cm 111.81£7.70 112.60+13.79 112.21+10.88
Total average 113.88+6.55 115.61£12.57 114.75+9.93
50cm 117.29+12.55 113.18410.39 115.24+11.41
HCM 80cm 112.97+8.25 120.54+7.79 116.7548.72
Total average 115.13+10.57 116.86%9.70 115.99+10.05
50cm 133.03+12.88 133.92+8.69 133.47+10.70
FTD 2 80cm 135.17+6.82 138.11+4.39 136.64+5.78
Total average 134.10+10.09 136.01+7.04 135.06+8.64
50cm 125.60+9.19 122.20+7.19 123.90+8.22
HTD 80cm 128.24+7.95 131.54+9.80 129.89+8.85
Total average 126.92+8.47 126.8719.64 126.89+8.96

NOTE: event: FID I(forelimb touch down 1), FIO(forelimb take off) HCM(high center of mass),

FID Z(forelimb touch down 2), HID(hindlimb fouch down)

EololA] LD =AE 7} FTO °]% 71 & =344 E B3, 4

Aol HYL FASE Ao eyt

FTD 1

920

M I D e - ]!

HCM

FTID 2| HTD

1
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WA AAAAE G

50cm, SD
===-50cm, LD
—+—80cm, SD
—e—80cm, LD

Y% time

81 101

Figure 8. Flexionfxtension angle of hip according to the fence

heights and take off distance



Table 9. Variance analysis result of hip angle according to the fence heights and
jumping distance in show jumping

Source 55 df MS F p n  Power
Fence height(H) 18.605 1 18.605 330 573 .018  .085
FID 1 Distance(D) 7.056 1 7.056 116 737 006  .062
HxD 85.849 1 85849 1415 250 .073 203
Error 1092.093 18 60.672
Fence height(H)  258.216 1 258216 1962 178 .098 264
FTO Distance(D) 29.946 1 29.946 457 508  .025 .098
HxD 8.845 1 8.845 135 718 .007  .064
Error 1180.692 18 65.594
Fence height(H) 23.058 1 23.058 179 677 010 .069
HCM Distance(D) 29.670 1 29670 433 519 .023 .09
HxD 340.998 1 340998 3462 071 217 560
Error 1233.168 18 68.509
Fence height(H) 99.982 1 99982 745 399 040 129
FID 2 Distance(D) 36.749 1 367499 1899 185 .095 257
HxD 10.486 1 10.486 542 471 029 107
Error 348.389 18 19.355
Fence height(H) 358.322 1 358.322 4.055 .059 184 479
HTD Distance(D) .025 1 025 000 984 .000 .050
HxD 112.560 1 112560 1.898 185  .095 257
Error 1067.595 18 59.311

NOTE: FID I(forelimb touch down 1), FTO(forelimb take off) HCM(high center of mass) FID
2(forelimb touch down 2), HTD(hindlimb touch down)
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Table 10. Flexion/fxtension angle of shoulder according to the fence heights and take
off distance in horse riders during show jumping(unit: degree)

Distance

Event  Fence heights Total average

Shortest distance  Longest distance

50cm 32.16£6.92 30.85£6.94 31.5146.78

FID 1 80cm 30.77+6.25 23.91+3.56 27.34+6.08
Total average 31.46£6.46 27.38+6.44 29.42+6.70

50cm 27.28+12.08 24.88+8.51 26.08+10.25

FTO 80cm 28.17+15.18 27.69+15.79 27.93+15.08
Total average 27.73£13.36 26.29+12.43 27.01£12.76

50cm 26.79+9.15 27.64+9.99 27.2149.33

HCM 80cm 25.38+8.88 29.32+7.70 27.35+8.34
Total average 26.08£8.81 28.48+8.72 27.28+8.74

50cm 26.14+7.17 25.48+6.26 25.81+6.56

FID 2 80cm 25.12+4.20 26.85+8.54 25.98+6.61
Total average 25.63+5.74 26.17+7.32 25.90+6.50

50cm 20.03+6.55 20.49+7.23 20.26+6.72

HTD 80cm 19.46+4.32 21.70+8.91 20.58+6.91
Total average 19.75+5.41 21.09+7.92 20.42+6.73

NOTE: event: FID I(forelimb touch down 1), FIO(forelimb take off) HCM(high center of mass),
FID Z(forelimb touch down 2), HID(hindlimb fouch down)
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Figure 9. Flexion/xtension angle of shoulder according to the
fence heights and take off distance
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Table 11. Variance analysis result of shoulder angle according to the fence heights
and jumping distance in show jumping

Source 58 df MS F p n  Power
Fence height(H)  173.889 1 173.889 2789 112 134 353
FID 1 Distance(D) 166.709 1 166.709 14421 .001 445 948
HxD 77.173 1 77173 6.676 019 271 686
Error 208.088 18 11.560
Fence height(H) 34.170 1 34.170 113 740 .006  .062
FTO Distance(D) 20.779 1 20.779 439 516 .024 .09
HxD 9.206 1 9.206 195 664 011 070
Error 851.041 18 47.280
Fence height(H) 186 1 186 .001 970  .000  .050
HCM Distance(D) 57.241 1 57241 1755 202 .089 241
HxD 23917 1 23917 733 403 039 128
Error 587.103 18 32.617
Fence height(H) 306 1 306 005 947 000  .050
FID 2 Distance(D) 2.905 1 2.905 122731 007 .063
HxD 14.256 1 14.256 600 448 032 114
Error 427.364 18 23.742
Fence height(H) 1.043 1 1.043 012 913 001  .051
HID Distance(D) 18.117 1 18117 1442 245 074 206
HxD 7921 1 7.921 631 437 034 117
Error 226.094 18 12.561

NOTE: FID I(forelimb touch down 1), FIO(forelimb take off) HCM(high center of mass) FID
2(forelimb touch down 2), HTD(hindlimb touch down)
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Table 12. Flexiongxtension angle of elbow according to the fence heights and take
off distance in horse riders during show jumping(unit: degree)

Distance

Event  Fence heights Total average

Shortest distance  Longest distance

50cm 135.11+12.81 135.77+17.17 135.44+14.75

FID 1 80cm 135.03+13.98 138.52+11.36 136.78+12.52
Total average 135.07+13.05 137.15+14.24 136.11+13.52

50cm 120.09+18.15 124.24+8.78 122.17+14.04

FTO 80cm 118.36+13.31 123.43+22.60 120.89+18.24
Total average 119.22+15.52 123.84+16.69 121.53+16.08

50cm 101.56+17.87 108.72£9.62 105.14+14.44

HCM 80cm 113.04+20.33 128.35+13.86 120.69+18.67
Total average 107.30+£19.54 118.53+15.37 112.92+18.26

50cm 145.43+19.33 154.74+9.20 150.08+15.49

FID 2 80cm 153.57+9.58 155.88+7.27 154.72+8.36
Total average 149.50£15.42 155.31£8.09 152.40£12.51

50cm 137.33+7.52 143.48+9.41 140.41+8.87

HTD 80cm 143.16£7.61 148.19+13.99 145.68+11.26
Total average 140.25+7.95 145.84+11.85 143.04+10.35

NOTE: event: FID I(forelimb touch down 1), FIO(forelimb take off) HCM(high center of mass),
FID Z(forelimb touch down 2), HID(hindlimb fouch down)
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Figure 10. Flexion/xtension angle of elbow according to the
fence heights and take off distance
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Table 13. Variance analysis result of elbow angle according to the fence heights and
jumping distance in show jumping

Source 58 df MS F p n  Power
Fence height(H) 17.862 1 17.862 .080 781 .004  .058
1
1

Distance(D) 43.119 43.119 258 618 014 077
HxD 20.008 20.008 120 733 .007  .062

Error 3007235 18  167.069
Fence height(H) 16.167 1 16.167 046 832 .003  .055
Distance(D) 212.659 1 212659 1.067 315 .056  .165

FID 1

FTO

HxD 2.176 1 2176 011 918  .001 .051
Error 3588.872 18 199.382
Fence height(H) 2420.047 1 2420.047 6.757 018 273 691
HCM Distance(D) 1262.589 1 1262589 8390 .010 .318 782
HxD 165.690 1 165.690 1.101  .308  .058 169
Error 2708.687 18 150.483
Fence height(H)  215.389 1 215389  1.230 282  .064 183
FID 2 Distance(D) 337.793 1 337793 2673 119 129 340
HxD 122.500 1 122.500 969 338 051 154
Error 2274.459 18 126.359
Fence height(H)  277.887 1 277887 2351 143 116 306
HID Distance(D) 312.425 1 312425 3851  .065 176 459
HxD 3.097 1 3.097 .038 847 002 .054
Error 1460.389 18 81.133

NOTE: FID I(forelimb touch down 1), FTO(forelimb take off), HCM(high center of mass) FID
2(forelimb touch down 2), HTD(hindlimb touch down)
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Table 14. Horizontal displacement of COM according to the fence heights and take
off distance in horse riders during show jumping(unit: cm)

. Distance
Phase  Fence heights X 5 Total average
Shortest distance  Longest distance

50cm 102.44£13.99 92.78+12.32 97.61+£13.75

TO 80cm 85.94+18.42 71.18+30.20 78.56%25.50
Total average 94.19+18.03 81.98+25.03 88.08+22.40

50cm 78.03£53.21 90.72+41.70 84.38+46.98

Swing 1 80cm 138.00+52.45 189.15+26.59 163.57+48.24
Total average 108.01£59.92 139.94£60.89 123.98£61.78

50cm 127.20£59.25 168.47+58.05 147.84+60.89

Swing 2 80cm 120.45+50.75 87.01+£21.29 103.73+41.58
Total average 123.83+53.80 127.74+59.64 125.78+56.10

50cm 118.52+25.08 123.96+37.47 121.24+31.16

GL 80cm 109.31+23.80 98.93+43.68 104.12+34.65
Total average 113.92£24.26 111.45£41.64 112.68+33.66

50cm 472.91+74.50 429.22+63.06 451.06+70.82

Total 80cm 453.70+46.04 446.27+44.83 449.99+44.39
Total average 463.30+61.08 437.74+53.97 450.52+58.34

NOTE: phase TO(take-off), S 1(swing 1), S 2(swing 2), GL(ground landing)



Table 15. Variance analysis result of horizontal displacement of COM according to
the fence heights and jumping distance in show jumping

Source 58 df MS F p n  Power

Fence height(H) 3627.882 1 3627882 8051 .011 309  .765
Distance(D) 1490.841 1 1490.841 4272 053 192 499

10 HxD 64.821 1 64.821 A86 672 010  .069
Error 0280.981 18 348.943
Fence height(H) 62720.064 1 62720.064 19.692 .000 522 987
S 1 Distance(D) 10189.502 1 10189.502 12293 .003 406 912
HxD 3699.852 1 3699.852 4464 049 199 516
Error 14920102 18 828.895
Fence height(H) 19455.598 1 19455598 6.392 .021 262  .667
S 2 Distance(D) 153.155 1 153.155 080 .780 .004  .058
HxD 13955.828 1 13955.828 7304 .015 289 725
Error 34394410 18  1910.801
Fence height(H) 2930.773 1 2930.773 1901 185 .09 257
GL Distance(D) 60.935 1 60.935 08 773 .005  .059
HxD 026.235 1 626.235 879 361 .047 144
Error 12819.079 18 712171
Fence height(H) 11.642 1 11.642 002 963 .000  .050
Total Distance(D) 6533.136 1 0533.136  3.839 .064 178 463
HxD 3288.420 1 3288420 1957 179 098  .263
Error 30240596 18  1680.033

NOTE: phase: TO(take-off), S 1(swing 1), S 2(swing 2), GL(ground landing)
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Figure 11. Horizontal displacement of COM according to the
fence heights and take off distance
EAEYE RAFA vk T3 50em FHEA SD T%AL 7 TOS Totalol Al 7HE 71
Aol s A el E eI,

Ao E vldoA TofAg e} Fold mE Ve AAFTAAA Y FH oSt g
B @S <Table 16>3 2T}

ol we} BE oMIE A TAE, WAd(FE Eol, TfAxFNE Eo))o O
g Mauchly®] T84 AF 2%, $HIAL 72 wFshe Zii u
<Table 17>3} %¥o] FTD 1, FTO, HCM, FID 2, HTDIA =oFA 2 9}
A g Aol YL F5AE AAE gl AOE YERT

<Figure 12>+ A& £ol¢} EefATd @& 7|sA4 1089 AAFAAA Y F3olF
Hste] e FAYS HA@goE JeRd Zlojth B HCME FA9 Al¥% 23, FID
1, FTO, FID 2, HTDE =% AE ¢} Ao E Folo] wiel HFEF oz Yedth A& &
o] 50cmollA SD T9fAE, LD = AEE FTO o3 g xHatE Jebd A1, 80cm
AN E ZoldA LD EAE 9] HCMo| 7Hd =& FHE HoF1

]



Table 16. Vertical displacement of COM according to the fence heights and take off
distance in horse riders during show jumping(unit: cm)

Distance

Event  Fence heights Shortest distance  Longest distance Total average
50cm 177.39+7.78 176.76+5.34 177.08+6.50
FID 1 80cm 176.53+6.10 183.37+8.65 179.95+8.09
Total average 176.96+6.82 180.07+7.78 178.51+7.39
50cm 196.14+7.10 195.10+6.57 195.62+6.68
FTO 80cm 196.04+6.13 194.93+8.93 195.48+7.48
Total average 196.09+6.46 195.02+7.63 195.55+7.00
50cm 210.37+13.18 206.33+11.21 208.35+12.09
HCM 80cm 215.99+11.11 220.37+16.03 218.18+13.61
Total average 213.18+12.21 213.35+15.27 213.27+13.64
50cm 196.87+17.22 195.86+14.23 196.37+15.38
FID 2 80cm 196.10+14.06 202.08+12.85 199.09+13.47
Total average 196.49+15.30 198.97+13.58 197.73+14.34
50cm 188.79+4.53 188.25+4.20 188.52+4.26
HTD 80cm 188.47+3.91 189.65+7.38 189.06+5.78
Total average 188.63+4.12 188.95+5.89 188.79+5.02

NOTE: FID I(forelimb touch down 1) FIO(forelimb take off), HCM(high center of mass) FID

2(torelimb touch down 2), HID(hindlimb fouch down)
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fence heights and take off distance



Table 17. Variance analysis result of Vertical displacement of COM according to the
fence heights and jumping distance in show jumping

Source 58 df MS F p n  Power
Fence height(H)  82.656 1 82.656 1106 307 .058  .169
FID 1 Distance(D) 96.410 1 96410 3730 .069 172 448
HxD 139.726 1 139.726 2778 104 072 368
Error 465.214 18 25.845
Fence height(H) 186 1 186 002 965 .000 .050
FTO Distance(D) 11.460 1 11.460 1182 291 062 178
HxD 014 1 014 001 970 .000  .050
Error 174.507 18 9.695
Fence height(H)  965.699 1 965.699 3225 089 152  .398
HCM Distance(D) 282 1 282 007 934 .000 .051
HxD 177.157 1 177157 4386 .051 196  .509
Error 726.985 18 40.388
Fence height(H) 74.338 1 74.338 190 668 .010  .070
FID 2 Distance(D) 61.827 1 61.827 1582 225 081 222
HxD 122.255 1 122255 3128 .094 148  .388
Error 703.478 18 39.082
Fence height(H) 2.965 1 2.965 075 787 .004  .058
HID Distance(D) 1.040 1 1.040 072 791 .004 .057
HxD 7.387 1 7.387 515 482 028 104
Error 258.311 18 14.351

NOTE: FID I(forelimb touch down 1), FTO(forelimb take off), HCM(high center of mass) FID
2(forelimb touch down 2), HTD(hindlimb touch down)
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Table 18. Velocity of CMP(Y axis) according to the fence heights and take off

distance in horse riders during show jumping(unit: cmj/ec)

. Distance
Event  Fence heights ; 5 Total average
Shortest distance  Longest distance

50cm 496.52+84.29 511.34+101.65 503.93+91.20

FID 1 80cm 527.55+53.67 496.63+54.16 512.09+54.82
Total average 512.04+70.59 503.99+79.63 508.01+74.39

50cm 427.60+99.78 445.53193.73 436.56194.67

FTO 80cm 446.21+60.79 442.48+85.77 444.34+72.38
Total average 436.90+80.98 444.00+87.46 440.45+83.27

50cm 44414+71.56 460.73+£89.15 452.43+79.14

HCM 80cm 477.85+39.03 538.88+75.06 508.37+66.11
Total average 460.99+58.71 499.80+89.67 480.40+77.35

50cm 469.74+66.24 500.24+88.68 484.99+77.77

FTD 2 80cm 487.35+40.83 517.67+66.11 502.51+55.70
Total average 478.54+54.31 508.95+76.66 493.75+67.35

50cm 405.96+74.88 441.89+105.56 423.92+90.96

HTD 80cm 429.74+40.37 450.01+53.27 439.87+47.16
Total average 417.85+59.80 445.95+81.49 431.90+71.97

NOTE: FID Ifforelimb touch down 1), FIO(forelimb take off), HCM(high center of mass), FID
2(torelimb touch down 2), HID(hindlimb fouch down)
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Figure 13. Velocity of CMP according to the fence heights and
take off distance
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Table 19. Variance analysis result of CMP velocity according to the fence heights
and jumping distance in show jumping

Source 58 df MS F p n  Power
Fence height(H)  665.938 1 665.938 064 803 .004 .057
1
1

Distance(D) 647.945 647.945 529 476 029 106
HxD 5230.140 5230.140 4270 .053 192 498

Error 22046.673 18 1224815
Fence height(H)  605.595 1 605.595 046 833 .003 .055
Distance(D) 504.100 1 504.100 293 595 0l6  .081

FID 1

FTO HxD 1172.023 1 1172.023 682 420 .037 123
Error 30934844 18  1718.602
Fence height(H) 31286.124 1 31286.124 3.644 072 168 439
HCM Distance(D) 15062.937 1 15062937 9.865 .006 354 .84
HxD 4937.284 1 4937.284 3234 089 152 398
Error 27483120 18  1526.840
Fence height(H) 3069.854 1 3069.854 390 540 .021  .091
FTD 2 Distance(D) 9247.073 1 9247073 7222 015 286 720
HxD 071 1 071 000 994 .000  .050
Error 23046291 18  1280.350
Fence height(H) 2544.185 1 2544185 270 610 .015  .078
HTD Distance(D) 7893.009 1 7893.009 6.624 019 269  .683
HxD 013.011 1 613.011 514 482 028 104
Error 21447432 18  1191.524

NOTE: FID I(forelimb touch down 1), FTO(forelimb take off), HCM(high center of mass) FID
2(forelimb touch down 2), HTD(hindlimb touch down)
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Table 20. Front-rear angle of trunk according to the fence heights and take off

distance in horse riders during show jumping(unit: degree)

. Distance
Event  Fence heights X ; Total average
Shortest distance ~ Longest distance
50cm 0.30+8.41 -3.3548.33 -1.53£8.36
FID 1 80cm -4.16%9.50 0.82+17.12 -1.67+13.71
Total average -1.93+9.03 -1.27+13.27 -1.60£11.21
50cm 7.44+15.67 2.73+13.75 5.08+14.55
FTO 80cm 6.71+14.70 5.35+20.77 6.03+17.53
Total average 7.08+14.80 4.04+17.19 5.56+15.91
50cm 16.10+19.87 12.78+17.63 14.44+18.36
HCM 80cm 10.53+21.27 -4.94+16.19 2.79+20.04
Total average 13.32420.23 3.92+18.82 8.62£19.86
50cm -0.45+15.13 -10.26+15.57 -5.36+15.77
FID 2 80cm -6.43+9.45 -12.15+9.18 -9.29+9.53
Total average -3.44+12.65 -11.21+12.47 -7.32+13.01
50cm 7.21+14.10 3.47+8.94 5.34+11.65
HTD 80cm 7.03+8.51 2.29+13.10 4.66+11.02
Total average 7.12+11.33 2.88+10.93 5.00+11.20

NOTE: FID Ifforelimb touch down 1), FIO(forelimb take off) HCM(high center of mass) FTD

2(torelimb touch down 2), HTD(hindlimb fouch down)
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Figure 14. Front-rear angle of trunk according to the fence
heights and take off distance
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Table 21. Variance analysis result of front-rear angle according to the fence heights
and jumping distance in show jumping

Source 58 df MS F p n  Power
Fence height(H)  185.890 1 185.890 2142 161 106  .283
FID 1 Distance(D) 4.349 1 4.349 050 825 .003  .055
HxD 185.890 1 185890  2.142 161 106  .283
Error 1561.929 18 86.774
Fence height(H) 8.978 1 8.978 021 888 .001  .052
FTO Distance(D) 92.082 1 92.082 892 357 .047 146
HxD 28.174 1 28.174 273 608 015  .079
Error 1857149 18 103.175
Fence height(H)  1356.759 1 1356.759  2.018 172 101 2.018
HCM Distance(D) 882.848 1 882.848 23339 .000 565  .995
HxD 369.299 1 369.299  9.763 .006 352  .840
Error 680.875 18 37.826
Fence height(H)  154.653 1 154.653 629 438 034 117
FID 2 Distance(D) 603.356 1 603.356  7.873 012 304 756
HxD 41.968 1 41.968 548 469 030 108
Error 1379.412 18 76.634
Fence height(H) 4.624 1 4.624 027 871 .002 .053
HID Distance(D) 180.115 1 180.115 1979 177 099 266
HxD 2460 1 2.460 027 871 .001 .053
Error 1638.395 18 91.022

NOTE: FID I(forelimb touch down 1), FTO(forelimb take off), HCM(high center of mass) FID
2(forelimb touch down 2), HTD(hindlimb touch down)
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Table 22. Left-right angle of trunk according to the fence heights and take off
distance in horse riders during show jumping(unit: degree)

Distance

Event  Fence heights Total average

Shortest distance  Longest distance

50cm 0.73+3.89 0.25+2.50 0.49+3.19

FID 1 80cm 0.38+3.64 -0.44+3.16 -0.03+3.34
Total average 0.56£3.67 -0.10£2.79 0.23£3.24

50cm -0.91£3.48 1.79+4.18 0.44+3.99

FTO 80cm 1.31+4.48 -0.43+3.15 0.44+3.87
Total average 0.20+4.07 0.68+3.78 0.44+3.88

50cm 2.22+4.64 2.73+3.44 2.48+3.98

HCM 80cm 2.56+6.05 -0.42+3.22 1.07+4.96
Total average 2.39+5.25 1.16+3.62 1.77+4.50

50cm -0.25+2.43 1.90+4.87 0.83+3.90

FID 2 80cm -1.26+4.31 -0.43+3.26 -0.85+3.74
Total average -0.75+3.44 0.73£4.21 -0.01+3.87

50cm 2.81+5.79 1.71+4.24 2.26+4.97

HTD 80cm 2.61+2.90 -0.42+3.24 1.10+3.37
Total average 2.71+4.46 0.65+3.83 1.68+4.23

NOTE: FID Ifforelimb touch down 1), FIO(forelimb take off), HCM(high center of mass), FID
2(torelimb touch down 2), HID(hindlimb fouch down)
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Figure 15. Left-right angle of trunk according to the fence
heights and take off distance



Table 23. Variance analysis result of left-right angle according to the fence heights
and jumping distance in show jumping

Source 58 df MS F p n  Power
Fence height(H) 2.647 1 2.647 263 614 014 077
FID 1 Distance(D) 4.265 1 4.265 348 563 019  .087
HxD 282 1 282 023 881 .001 .052
Error 220.537 18 12.252
Fence height(H) .000 1 .000 .000 1.000 .000  .050
FTO Distance(D) 2.344 1 2.344 172 683 009  .068
HxD 49.224 1 49.224 3618 073 167 437
Error 244923 18 13.607
Fence height(H) 19.800 1 19.800 821 377 044 138
HCM Distance(D) 15.100 1 15.100 940 345 050 151
HxD 30.436 1 30.436 1896 185 095 256
Error 289.028 18 16.057
Fence height(H) 27.988 1 27.988 1.766 200 .089 242
FID 2 Distance(D) 22.107 1 22.107 1.634 217 083 228
HxD 4.306 1 4.306 318 580 .017  .083
Error 243574 18 13.532
Fence height(H) 13.578 1 13.578 549 468 030 108
HID Distance(D) 42521 1 42521 4055 .059 184 479
HxD 9.345 1 9.345 891 358 047 145
Error 188.737 18 10.485

NOTE: FID I(forelimb touch down 1), FTO(forelimb take off), HCM(high center of mass) FID
2(forelimb touch down 2), HTD(hindlimb touch down)
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Table 24. FRAE and LRAE according to the fence heights and take off distance in
horse riders during show jumping

Distance

Section  Fence heights Total average

Shortest distance  Longest distance

50cm 15.1246.48 14.58+6.59 14.85+6.37

FRAE 80cm 15.91+3.52 13.41+6.63 14.66+5.32
Total average 15.5145.09 14.00+6.46 14.76£5.79

50cm 5.60+2.83 4.48+1.84 5.04£2.39

LRAE 80cm 5.20+£2.12 5.93+2.98 5.57+2.54
Total average 5.40+2.44 5.20+2.52 5.30+2.45

NOTE: FRAE(front-rear angle excursion), LRAE(left-right angle excursion)

Table 25. Variance analysis result of FRAE and LRAE according to the fence heights
and jumping distance in show jumping

Source S5 e/ d MS F p n  Power
Fence height(H) 371 1 371 006 939 .000 .051
FTD 1 Distance(D) 23.009 1 23.009 2332 144 115 304
HxD 9.606 1 9.606 974 337 051 155
Error 177.599 18 9.867
Fence height(H) 2.781 1 2.781 280 603 015  .079
FTO Distance(D) 377 1 377 155 698 .009  .066
HxD 8.596 1 8.596 3539 076 164 429
Error 43.723 18 2.429

NOTE: FRAE(front-rear angle excursion), LRAE(left-right angle excursion)
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Table 26. Potential energy according to the fence heights and take off distance in
horse riders during show jumping(unit: Joule)

. Distance
Event  Fence heights X X Total average
Shortest distance  Longest distance

50cm 1273.38+210.23 1268.29+199.66 1270.83+£199.56

FID 1 80cm 1267.26+203.77 1310.63+176.36 1288.95+186.81
Total average 1270.32+201.53 1289.46+184.63 1279.89+191.02

50cm 1407.15+223.07 1398.98+216.37 1403.07+213.93

FTO 80cm 1405.57+215.29 1399.96+234.33 1402.77+219.03
Total average 1406.36+213.37 1399.47+219.52 1402.92+213.70

50cm 1512.67+270.89 1481.16+247.93 1496.92+253.26

HCM 80cm 1552.05+265.11 1583.01£286.96 1567.53+269.35
Total average 1532.36+261.65 1532.09+266.18 1532.22+260.52

50cm 1414.83+271.47 1409.33+263.83 1412.08+260.55

FID 2 80cm 1408.48+252.08 1453.58+266.20 1431.03+253.38
Total average  1411.66+254.99 1431.45+258.95 1421.55+253.86

50cm 1351.79+193.40 1348.04+£192.89 1349.91+188.00

HTD 80cm 1348.72+185.76 1360.28+214.53 1354.50+195.40
Total average 1350.25+184.57 1354.16+198.65 1352.21+189.28

NOTE: FID I(forelimb touch down 1), FIO(forelimb take off)) HCM(high center of mass) FID
2(torelimb touch down 2), HTD(hindlimb touch down)



Table 27. Variance analysis result of Potential energy according to the fence heights
and jumping distance in show jumping

Source 58 df MS F p n  Power
Fence height(H) 3281.824 1 3281.824  .043 839 .002 .054
FID 1 Distance(D) 3663.679 1 3663.679 3247 088 153  .400
HxD 5870.332 1 5870.332 150  .701 .004  .066
Error 20309.276 18 1128.293
Fence height(H) 906 1 906 000 998 .000  .050
FTO Distance(D) 474150 1 474150 986 334 .052 156
HxD 16.413 1 16.413 000 .98 .000 .050
Error 8654.627 18 480.813
Fence height(H) 49866.927 1 49866.927  .352 560 .019 .087
HCM Distance(D) 754 1 754 000 .98 .000 .050
HxD 9754.588 1 9754.588 136 715 .004 065
Error 39751546 18 2208.419
Fence height(H)  3588.873 1 3588.873  .026 873 .001  .053
FID 2 Distance(D) 3919.906 1 3919.906 2025 172 101 271
HxD 6401.421 1 6401.421 3307 .086 .155 406
Error 34837993 18  1935.444
Fence height(H)  210.205 1 210.205 .003 959 .000 .050
HTD Distance(D) 152.419 1 152.419 180 676 .010  .069
HxD 585.944 1 585.944 694 416 037 124
Error 15202.739 18 844.597

NOTE: FID I(forelimb touch down 1), FTO(forelimb take off), HCM(high center of mass) FID
2(forelimb touch down 2), HTD(hindlimb touch down)
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Figure 17. Potential energy according to the fence heights and
take off distance
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Table 28. Mechanical work according to the fence heights and take off distance in
horse riders during show jumping(unit: Joule)

. Distance
Fhase Fence heights Shortest distance  Longest distance Total average
50cm 944.36+500.19 802.27+609.68 873.31+547.63
Swing 1 80cm 1421.92£610.52 1899.75+252.14 1660.83+516.49
Total average 1183.14+595.89 1351.01+723.29 1267.07£659.61

NOTE: swing 1(forelimb take off-high center of mass)



Table 29. Variance analysis result of work according to the fence heights and
jumping distance in show jumping

Source S5 df MSs F p 1 Power
Fence height(H) 6201883272 1  6201883.272 13.959 .002 437 942
1
1

Distance(D) 281806.347 281806.347  3.323 .085 156  .407
HxD 960764.214 9%0764.214 3.632 .065 .092 458
Error 1526625321 18 84812518

NOTE: swing 1(forelimb take off-high center of mass)
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Figure 18. Mechanical work according to the fence heights and
take off distance
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Table 30. Power of COM according to the fence heights and take off distance in
horse riders during show jumping(unit: Watt)

Distance

Phase Fence heights Total average

Shortest distance  Longest distance

50cm 980.73+526.13 791.22+596.72 885.98+556.10
Swing 1 80cm 1553.17+433.83 2010.00+278.55 1781.59+425.23
Total average 1266.95+553.63 1400.61£772.22 1333.78£666.65

NOTE: swing 1(forelimb take off-high center of mass)

Table 31. Variance analysis result of COM power according to the fence heights and
jumping distance in show jumping

Source S5 df Ms F p 1 Powe
Fence height(H) 802118598 1  8021185.987 22327 .001 .554 994
1
1

Distance(D) 178643.076 178643.076 1983 176 .099  .266
HxD 1044363.16 1044363.163 11.592 .003 392 .8%
Error 1621634.17 18 90090.788

NOTE: swing 1(forelimb take off-high center of mass)
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Figure 19. Power of COM according to the fence heights and
take off distance

<Figure 19>= A& Folo} EofAL el W 7oA 108 2 WstE g
Uebd Zlolth 80em AolE EoI7F 50em FojE Erk tf & 99§ Hola glon, o
el S7tel wet SD Bo} LD7} tf & 391 yvEha ok



4) 7lsAe Hd 44

ON

Aoz wldoA =AZet goldl ZleAe Hd FA4HLS HCM °|F FID 2%-H
HTD AA7A S 77He 45901, IN)GS 2 tldake] Al F(body weight) o2 1}
ol EZ3HN/BW)stAIL o] thak H3tS <Table 32>¢ 2Tt

olel wzt GLlAM =<FAg, W xol, EATxAAE o)l ot
Mauchly® 7384 %5 A}, FHEFY 7HEL whEste Aoz Uetdth(p.05). <Table
33>37 Zo] AojE Folo] we} 80cm7} 50em Etk O £ HF FAHFE YEYL, LD
=AY EYG SD =AY ¥ A SAA fFoA AolE UEth oo mE A%

& 3= fle ALE Y.

<Figure 20> ol& Fol9t EAL | WE 7|sA 1082 e F4E ¥stE B+
oz Jepd Aol 80cm AHE =0|7F 50em AojE Hub ¢ & 9 E Hola glo

o, EobAe] Z7kel weh SD Wi} LD7F O 2 welg vehfa ok

Table 32. Average vertical force according to the fence heights and take off distance
in horse riders during show jumping(unit: N/BW)

Distance

Phase Fence heights Total average

Shortest distance ~ Longest distance

Cround 50cm 132:021 1245019 12820220
_ 80cm 150+0.19 1.44+0.20 1.47+0.19
landing 1451 average 1.41£0.22 134£0.22 1.38+0.22

NOTE: Ground landing(forelimb touch down 2-hindlimb touch down)

Table 33. Variance analysis result of average vertical force according to the fence
heights and jumping distance in show jumping

Source 55 daf MS F p 1 Power
Fence height(H) 350 1 350 4656 .045 205 .533
Ground  Distance(D) 047 1 047 15349 001 460 959
landing HxD 001 1 001 313 583 017 083
Error .055 18 .003

NOTE: Ground landing(forelimb touch down 2-hindlimb touch down)



1.8

N/BW)

-
N

Average vertical force(
s "o 9
- =) @ -

e
N
.

@ 50cm(SD)
0O50cm(LD)
= 80cm(SD)
O080cm(LD)

Figure 20. Average vertical force according to the fence

heights and take off distance



4. 715X Y& A - 51X BT 7 H2SM

o= HEA ZoFAE S Fold WE 45 AskA BEARE I P8-S WA
Z*(Robinson et al., 1987)2 A8ttt o]dl whe} Z2KTO) 2
A(GL) TRre® Tt FRARAE, o Hd, dEHE, FERE, FERE 45

THhoR BASRON, d7ATE Gen Lk

of
ofy
ot
_)
29
2
D
=
wn

—_

) BEADY 2T 2 uigE A5

o= uldolA =g} wolo mE reAd 45 BEARE 4= b vt A
Z

7o WHERLS <Table 34>} 21, HihA QoA =/ 24

b
o
W
X
rr
>
=
v
!
K
o
ft

& Mauchly®] 734 AF Ax, sHFH /L 953
<Table 35>¢} #o] TO, S 1-S 2 =

Ztole YA FEAE AR gle AoE et AR @A G
olef we} 80em LD EFAE A 9% BEX AErt 2B BEX FEAE Wi o
ARAE WOPEe B BAH fold

Fol® Aol QUL FBAE ERE g A0 kg

5
~
i
o
30
£
s
Pt
krl
L
N
A
=
=)
)
oft
)
1

Table 34. Asymmetric index between elbow joint angle according to the fence
heights and take off distance in horse riders during show jumping(unit: %)

Distance

Phase  Fence heights Total average

Shortest distance  Longest distance

50cm 361£1.96 (L>R)  329+315 (L>R) 345256 (L>R)

TO 80cm 174127 (L>R)  438+248 (L>R)  3.06:2.35 (L>R)
Total average  2.68+1.87 (L>R)  3.8432.82 (L>R)  3.26%243 (L>R)

50cm 397356 (L>R) 3562332 (L<R)  3.76+335 (L>R)

S 1S 2 80cm 340169 (L>R)  3.14%394 (L>R) 327295 (L>R)
Total average  3.68+2.72 (L>R) 3353355 (L>R)  3.52+3.13 (L>R)

50cm 1601.01 (L<R)  1.02:0.74 (L>R)  131x091 (L>R)

GL 80cm 198+137 (L>R)  220:098 (L>R) 209117 (L>R)

Total average 1.79£1.19 (L>R) 1.61£1.04 (L>R) 1.70£1.11 (L>R)
NOTE: phase: TO(take-off), S 1(swing 1), S 2(swing 2), GL(ground landing), LR(left joint angle and
right joint angle/ extension > flexion)




Table 35. Variance analysis result of Asymmetric index of elbow joint angle
according to the fence heights and jumping distance in show jumping

Source 55 df MS F p n  Power
Fence height(H) 1.486 1 1.486 260 616 014  .077
TO Distance(D) 13.454 1 13454 2664 120 129 339
HxD 21.946 1 21946 4346 052 194 505
Error 90.896 18 5.050
Fence height(H) 2428 1 2428 189 669 .010  .070
S 1.5 2 Distance(D) 1.121 1 1.121 138 715 .008 064
HxD .059 1 .059 007 933 .000 .051
Error 146.434 18 8.135
Fence height(H) 6.061 1 6.061 5257 .034 226 583
GL Distance(D) 323 1 323 307 58 .017  .082
HxD 1.565 1 1.565 1487 238 076 211
Error 18.940 18 1.052

NOTE: phase: TO(take-off), S 1(swing 1), S 2(swing 2), GL(ground landing)
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Figure 21. Al of elbow joint angle according to the fence
heights and take off distance
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Table 36. Asymmetric index between shoulder joint angle according to the fence
heights and take off distance in horse riders during show jumping(unit: %)

Distance

Phase  Fence heights Total average

Shortest distance ~ Longest distance

50cm 131.86+5.65 (L<R)  133.72+444 (L<R) 132.79+5.04 (L<R)

TO 80cm 135.0845.36 (L<R)  133417.81 (L<R) 134.25%6.57 (L<R)
Total average 13347561 (L<R) 13357618 (L<R) 133.52#5.83 (L<R)

50cm 134904585 (L<R)  133.16+4.93 (L>R) 134.03%5.34 (L<R)

S 1S 2 80cm 133.89+3.90 (L<R)  135.15+642 (L<R) 134.52+521 (L<R)
Total average 134.39+487 (L<R)  134.16+5.66 (L<R) 134.28%521 (L<R)

50cm 133343519 (L>R)  133.00+3.78 (L>R)  133.17+4.42 (L>R)

GL 80cm 135.04+3.94 (L<R)  133.10+5.01 (L>R) 134.07+4.50 (L<R)

Total average 134.19+4.57 (L<R)  133.0514.32 (L<R) 133.62+4.43 (L>R)
NOTE: phase: TO(take-off), S 1(swing 1), S 2(swing 2), GL(ground landing), LR(left joint angle and
right joint angle/ extension > flexion)




Table 37. Variance analysis result of Asymmetric index of shoulder joint angle
according to the fence heights and jumping distance in show jumping

Source 55 df MSs F p n  Power
Fence height(H)  21.126 1 21.126 329 573 018  .084
TO Distance(D) .090 1 .090 014 907 .001 .051
HxD 31.182 1 31.182 882 354 .024 150
Error 115.422 18 6.412
Fence height(H) 2423 1 2423 048 829 003 .055
S 1.5 2 Distance(D) 543 1 543 080 .780 .004 .058
HxD 22.417 1 22417 3317 085 156 407
Error 121.660 18 6.759
Fence height(H) 8.065 1 8.065 335 570 018  .085
GL Distance(D) 13.064 1 13.064 776 390 041 133
HxD 6.422 1 6.422 381 545 021 .090
Error 303.117 18 16.840

NOTE: phase: TO(take-off), S 1(swing 1), S 2(swing 2), GL(ground landing)
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Figure 22. Al of shoulder joint angle according to the fence
heights and take off distance
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Table 38. Asymmetric index between hip joint angle according to the fence heights
and take off distance in horse riders during show jumping(unit: %)

Distance

Phase = Fence heights Total average

Shortest distance  Longest distance

50cm 460:253 (L<R)  459+379 (L<R)  459:314 (L<R)
TO 80cm 539401 (L<R)  7.64*448 (L<R) 652430 (L<R)
Total average  5.00:329 (L<R)  6.11%433 (L<R) 555384 (L<R)
50cm 633384 (L<R) 576346 (L<R)  6.05:357 (L<R)
S 1S 2 80cm 5664267 (L<R) 569222 (L<R)  5.68+2.39 (L<R)
Total average  6.00+324 (L<R)  5.7332.83 (L<R)  5.86%3.00 (L<R)
50cm 926451 (L<R)  812+346 (L<R)  8.69+3.95 (L<R)
GL 80cm 868463 (L<R)  9.30%393 (L<R) 899419 (L<R)
(

Total average  8.97t4.46 (L<R) 8.71+3.66 (L<R) 8.84+4.02 (L<R)
NOTE: phase: TO(take-off), S 1(swing 1), S5 2(swing 2), GL(ground landing), LR(left joint angle and
right joint angle/ extension > flexion)
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Table 39. Variance analysis result of Asymmetric index of hip joint angle according
to the fence heights and jumping distance in show jumping

Source 55 df MS F p "  Power
Fence height(H)  37.029 1 37.029 3945 062 180  .468
TO Distance(D) 12.523 1 12.523 656 429 035 120
HxD 12.843 1 12.843 673 423 036 122
Error 343.651 18 19.092
Fence height(H) 1.385 1 1.385 0% 760 .005  .060
S 1.5 2 Distance(D) 720 1 720 146 707 008  .065
HxD 905 1 905 183 674 .010  .069
Error 89.086 18 4.949
Fence height(H) 915 1 915 034 86 .002 .053
GL Distance(D) 681 1 681 092 766 .005  .059
HxD 7.842 1 7842 1055 318 055 @ .164
Error 133.753 18 7431

NOTE: phase TO(take-off), S 1(swing 1), S 2(swing 2), GL(ground landing)
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Figure 23. Al of hip joint angle according to the fence heights
and take off distance
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Table 40. Asymmetric index between knee joint angle according to the fence heights
and take off distance in horse riders during show jumping(unit: %)

Distance

Phase = Fence heights Total average

Shortest distance  Longest distance

50cm 241+143 (L>R) 260238 (L>R)  254:1.92 (L>R)

TO 80cm 410£255 (L>R) 412286 (L>R)  411x2.64 (L>R)
Total average  3.25¢2.19 (L>R)  3.40:2.67 (L>R)  3.33%241 (L>R)

50cm 169158 (L<R)  3.16%1.72 (L>R) 242177 (L<R)

S 1S 2 80cm 280250 (L>R)  358%215 (L>R)  3.19+231 (L>R)
Total average  2.25+2.11 (L>R)  337+191 (L>R)  2.81%2.07 (L>R)

50cm 3224229 (L>R) 396283 (L>R)  359:253 (L>R)

GL 80cm 2704249 (L<R)  332+1.63 (L<R)  3.01:2.08 (L<R)
Total average  2.96+2.34 (L<R)  3.64+2.27 (L>R)  3.30%2.30 (L<R)

NOTE: phase: TO(take-off), S 1(swing 1), S5 2(swing 2), GL(ground landing), LR(left joint angle and
right joint angle/ extension > flexion)
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Table 41. Variance analysis result of Asymmetric index of knee joint angle
according to the fence heights and jumping distance in show jumping

Source 55 & M5 F P n  Power
Fence height(H) 24.567 1 24.567 2860 108 137 360
TO Distance(D) 205 1 205 078 783 .004 .058
HxD 158 1 158 061  .808 .003 .056
Error 47.051 18 2.614
Fence height(H) 5.933 1 5.933 979 336 052 155
S 1 2 Distance(D) 12.642 1 12.642 6.006 .025 250 .640
HxD 1.189 1 1.189 565 462 030 .110
Error 37.893 18 2.105
Fence height(H) 3.389 1 3.389 501 488 027 103
GL Distance(D) 4.616 1 4.616 1.077 313 .056 166
HxD .039 1 .039 009 925 001 .051
Error 77.169 18 4.287

NOTE: phase: TO(take-off), S 1(swing 1), S 2(swing 2), GL(ground landing)



wo

@m50cm(SD)
050cm(LD)
@ 80cm(SD)
080cm(LD)

Al of knee joint angle(%)

e
2]

TO S$1-S2 GL

Figure 24. Al of hip joint angle according to the fence heights
and take off distance
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Table 42. Asymmetric index between ankle joint angle according to the fence heights
and take off distance in horse riders during show jumping(unit: %)

Distance

Phase = Fence heights Total average

Shortest distance  Longest distance

50cm 290+325 (L<R) 447308 (L<R)  3.69:3.19 (L<R)

TO 80cm 3.60+2.82 (L<R) 616323 (L<R)  4.88:3.23 (L<R)
Total average  3.25¢2.98 (L<R)  532:3.19 (L<R)  4.28+322 (L<R)

50cm 326256 (L<R)  2.79+254 (L<R)  3.03+249 (L<R)

S 1S 2 80cm 349+272 (L<R) 411218 (L<R)  3.80+2.42 (L<R)
Total average  3.37+2.57 (L<R) 3453240 (L<R)  341%246 (L<R)

50cm 330+437 (L<R) 263184 (L<R)  2.96:3.28 (L<R)

GL 80cm 450+334 (L<R)  4.92+333 (L<R)  4.71:325 (L<R)

Total average  3.90£3.83 (L<R) 3.77+2.87 (L<R) 3.84+3.34 (L<R)
NOTE: phase: TO(take-off), S 1(swing 1), S5 2(swing 2), GL(ground landing), LR(left joint angle and
right joint angle/ plantarflexion > dorsiflexion)

Table 43. Variance analysis result of Asymmetric index of ankle joint angle
according to the fence heights and jumping distance in show jumping

Source 55 df MS F P n  Power
Fence height(H)  14.279 1 14.279 900 355 .048 146
TO Distance(D) 42.494 1 42494 12756 .002 415 @ 922
HxD 2425 1 2425 728 405 039 128
Error 59.964 18 3.331
Fence height(H) 5.971 1 5971 782 388 042 133
S 1S 2 Distance(D) 062 1 062 013 912 001 .051
HxD 2927 1 2927 594 451 032 113
Error 88.642 18 4.925
Fence height(H)  30.444 1 30444 2334 144 115 304
GL Distance(D) 156 1 156 017 899 001  .052
HxD 3.000 1 3.000 322 577 018  .084
Error 167.770 18 9.321

NOTE: phase TO(take-off), S 1(swing 1), S 2(swing 2), GL(ground landing)
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