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ABSTRACT

The purpose of this study was to analyze of the rider postural alignments according to the fitting of stirrups lengths during walk
of high level riders. Participants selected as subject were consisted of horse riders of high level (age: 47.66+3.51 yrs, height:
168.40+4.84 cm, body weight: 73.36+15.58 kg, low extremity length: 94.76+3.98 cm, career: 23.33+5.77 yrs) and walk with 3
types of stirrup lengths(ratio of low extremity 68.04%, 73.25%, 78.48%). The variables analyzed were consisted of the dis-
placement of Y axis (center of mass, head, thigh, shank and foot), FR angle, LR angle, dynamic postural stability index (DPSI),
coefticient of variation (CV%), and distance (X axis) of low extremity limb between right and left. The displacement of Y axis
in COM, thigh, shank, foot limbs were not statistically significant, but movements of head showed greater distance of B type and
C type than that of A type during 1 stride of walk. The FR and LR angle in trunk of horse rider, dynamic postural stability index
and, coefficient of variation didn't show significant difference statistically according to the fitting of stirrup lengths. Also the dis-
tance (X axis) of low extremity in thigh and shank didn't show significant difference statistically in between right and left, but
right and left foot showed greater distance in C type than that of B and A types during walk in horse back riding. The hip and
ankle joint angle not statistically significant according to stirrups lengths, But knee joint angle showed more extended according
to the increase of stirrups lengths during stance and swing phase in walk.
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o 2014). SR B AlgEC] SriaExd] Holshs
Wt el b o A9 5 glom, 3 e 7
SA7V) A oldls] e e el
al F, QExfo| Hu|H.
o o A _—_‘-j_;i oWEbz AE}(Bau, C. G, Ball,
J. E., Kirkpatrick, & Mulloy, 2007; Buckley, Chalmers,
& Langley, 1993; Norwood et al., 2000; Smartt &
Chalmers, 2009). &3} ZHEE F2d2 A F4d0] A4
ZAHeE AFE(Ball et al, 2007; Barone & Rodgers,
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2009; Dekker et al, 2004; Hobbs, & Yealy, 1994;
Petridou et al., 2004; Sorli, 20002 < ZH(epidemiology)
e Bl EEsiet A A7 9)H ey e] 7P &
3 Y2lo 7 | ZI¥(concussions), =4 (fractures)°] AWHA
o] A thBall et al, 2007; Buckley et al, 1993; Norwood
et al.,, 2000; Smartt & Chalmers, 2009).

oje} o] Fuldy Al F2 o7 7] Rl <3
WA =M (Ball et al, 2007; Ball, J. E, Ball, C. G,
Mulloy, R. H., Datta, & Kirkpatrick, 2009; Ecker,
Lockemann, Piischel, Meenen, & Hessler, 2011), %&3%}
T FEeE SEAFe] Alge] BAAE oWE F dle &
3t " oltk(Ball et al., 2007; Sorli, 2000; Buckley et
al., 1993; Havlik, 2010). ©]oll 7]&A}e] #-oi7-4go]-t
Fgole] FAMAY FA9F Ao H ER] A
st AZE fFAIsks Aol FEE AHE Barstal glom
(Ceroni, Rosa, Coulon, & Kaelin, 2007; Lovett, Hodson-
Tole, & Nankervis, 2005), Z2] AR|9} FA|o] &3¢
PFE HZ(cadence)?] E7ol ulehr E7lsl] wiel] 7]
A 2ol ARl 7k Hxe] B4 A8E F A
= A 58S Lfslok ShRyew, 2012).

U E o] &gt 2x=(olE, Z2, Fol, w=dlel,
7], 271-=Z, 8, Aol he 471e 4
el flall 1] EAdol Ader A< I (fitting)
0] wg F8sH, SridE T3k Ags S0
(stirrup length) I ¥o] A g3} Tel(fall from a
horse) ¥ - (injury)dl S f1g Wl Fag Wdojzt
g g Aok

SARE 71585 A FAeE Al Aot o
iAo Z2Ql vl (hamess)E 2 Yol 22U W
g = AR TAF AR Al 2] YR SHERI7E A
(forward}3FS &Fslal FwA= SHdowny§d-S sl
FAE FAS A & glon, o] HE T 7|sA
= 5AE AH88le] dlEARFZ(quadriceps muscle)? H]Z
(peroneal muscle)®] H414d4 == (eccentric contraction)S-
=z o 2 =88 $CH(Ceroni et al., 2007).

Z, @ SAH9 FHES o]&aiA TIsAe DollAl A
F23HS A (Ryew, 2012)3+L HA3 A|F
AafoF spA|NE, 2z} JHIE A FaA|
gk 71527 ek = Aok &
Aol 715Ae] 5 AA 1+ &=
I T e, 71sAte] B e

S FEAE R ol
(Davies, 1996; Deuel & Lawrence, 1987, Williams &
Norris, 2007) 7157<] 2w 7102 o7 o] ujAst
ot wkEA 7177 ST SHTHPugh &

Bolin, 2004). T3k £33 548 7F T 249U

1,

N
O:-

z
oSt
o
_1

£
Iy
ey
o
o,
to
do

s

o
Ol
N
Y
o
4r
12
XN

2

i

P,L

B
oA
r

o

-

o

=

do 11 ok ¥i
Jo

N ot
=
o

X
)
of

Z

SEH0% Aojslor sAu o] AstE geloln]
AFAL BAAAN FAKIE WA B AYATE
Bl gsiasel Yok, 24, 45 % vele) A
Aol Wiy 5 9lv.

o] $rHEE A HAHe] FA40] Y A FF

oL

rlo

% BHo] olFoldo} AT, ole} el A mu|g
Ao}, olejd Boln] B AAE ks uxo] o

2B}, FHAE, AEAe] AU AARA o A
FATES Fast A3}, HE, A&H, 8|3 FEH A
Sz wEl FoJgh zpo|7t U e A7H(Schils,
Greer, Stoner, & Kobluk, 1993), &= e 7|5AA|
7% & FHRyew, 2012; Oh, Ryew, Kim, & Hyun, 2009c),
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1. 97 CHAXE

2752 7 A vt} vlaste] SHEst
7F © d3#Ao]l Qo (Peham, Licka, Kapaun, &
Scheidl, 2001), & =#4 L] H§ E3 W=t
(Schéllhorn, Peham, Licka, & Scheidl, 2006). W&k £
Ao ke AlFESHNE] Yol AL 20 o]
&el sudge] e 8 WS e R s
TS o5 WH A F 37HA] FAMECIR ol ¥
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Table 1. Overview of the main characteristics for the three riders of high level riding the horses during the walk experiments

Section Age Height Body mass  Low extremity Career Stirrup lengths ~ Ratio of low extremity
(yrs) (cm) (kg) (cm) (yrs) (cm) (o)
A 48.00 169.20 81.50 95.40 21.00 67,72,77 70.23, 75.47, 80.71
B 51.00 163.20 55.40 90.50 31.00 62,67,72 65.81,71.12,76.43
C 44.00 172.80 83.20 98.40 21.00 67,72,77 68.08, 73.17, 78.25
M#SD  47.66+£3.51 168.40+4.84 73.36+15.58  94.76+3.98  24.33+5.77 65.33,70.33,75.33  68.04,73.25,78.46

NOTE: preference stirrup lengths, A: 72 ¢cm(75.47%), B: 67 cm(71.12%), C: 72 cm(73.17%), total M+SD 70.33 cm(73.25%)

Figure 1. Stirrup length

Solf & Ao BA% HES
Folro] AR om Ay 5 Al
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Table 2. Experimental equipments
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Equipments Model Manufacturer

camcorder (Mini DV) HDR-HC7/HDV 1080i SONY

tripod 055XDB MANFROTTO
control object 2mx2mx1 m 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
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2 AFolA] St HE A SRl mE 7)SA A
A 8l 2 bt 71 3709 oWIES) le] e
A7 3FA TH(Figure 2)
1) oJHIE (event)
@ #HA 1(Right foot touch down [RETD 1]): LE%
hdro] AWl 7] HA ==

@ ©]A(Right foot take off [RFTO]) Fakgo] AA]7]
o|F AWl HojA|= =7k

@ HA 2(Right foot take down [RFTD 2): %71
o|F T Q8% ghilsro] AW FA == =7k

2) =+t (phase)

@ AA]7](Stance) : 2% Shiksto] AWl HAE =
THE oA E7] AR O] 7

@ FF71(Swing) : LEF igo] oA HE &7HE

) Ashe AR 77
4, X2x2|

Kwon3D XP (2007) ZZ 13 (Visol, Koreays ©]-&3|
7152 58 WS AREailnh. BAIA FsEsket
A A2l g}, v % 3 Fd= Abdel-Azizo}
Karara (1971)2] &GP HZ  HHH(Direct
Transformation)S 53l AHE3I9aL,
2 Bl (low-pass filter)™ % o] -3 A I (cut-off
frequency)—— 6 Hz2 2F938le] :o]Z(noise)S |73

T AFHEIE A }9513]'.

*&%FA S5 WAL 94, SPSS 18.0(IBM, USA)
FAZZORE 01&0}04 21| 54 (conter of mass
[COM]), ™ &(head), -+ THEIR thigh), -+5 =R
shank), +Z YR foot)°] F-F(Y axis) WO Z o]gH

I-N

rz

Linear
Butterworth®] 9%

)

=
(coefficient of variation [CV])= Winter®] 3
1983)2 23 tH(Formula 1).

CV(%) = (1)

2 77+ E sample 7, o= ; —i HA AE9]
¥FHA} )?'L\f . —i AR sample2] HgkelH, CVaE 0
) 25 UERH, CV7T ARFE daifo] v
o< 9]‘:’155}‘:}

3k 1 stride B9 BAQ A-Z/A-$ 7L 4EE
299 AZSZ o] FFQFgAdA 4 (dynamic posture
stability index [DPSI])E 4H&38cH(Formula 2).

T
> |trunk8? trunk®,.,|
_ =0
DPSI A7
o), trunk 0= 77} AT(FRYES(LRY]L7] Zheo]

o, 2|9 Zho] =old4E | stride B2 B3] 7127
7F 548 F7kete] Aol AetES omlstaL, A4
7t Roldes FAe FAAGS fAske] PdAdel &
e omgitt

AEE FEE W Ao, &, A HlE(A:
68.04%, B: 73.25%, C: 78.46%)H3}o] wje} Ui
= (one—way analysis of variance)s} A4 2|3t =
A Al A}9737 (post-hoc test: Duncan)yS AAJSIAAL, ©
) BE BAA FoleEd a=052 Ak

B ox

Mo >

i
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m. 2

ot BE A SAdo] ®iste] wE 7]sAbAe] ARy
axis)°] 52| Wsl= <Table 3> % <Figure 3, 4>9}
7t} Zb 2l g 9o 22 okdkg 7]—:* 1];(]7] ”727]
:Lﬂ—7 % 1 stride %O]’ AASA, = HER thight),

$= 3}E(R shank), $= TER foot).J olEAE Wzt
= Aol st w}ﬁ‘r SAA Freld ztele /It
(p>.05). AR H (head)Ed ] WSk A#]7] A B, C
FAFC] A BAFIRT 6 71 o5AE ne] B
A felgk zpo|7F YERSAL(p<.05), ©1F F571, 1 stride
& FAA el Afol= §IATH(p>.05).

<Table 4>9} Zdo] & Shlsy 7IE 1 stride 5<%t A
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Table 3. Displacement (Y axis) according to the fitting of stirrup lengths during walk in horse back riding

types of stirrup length (M£SD)%

section phase A (68.04%) B (73.25%) C (78.46%) r P post-hoc
stance 95.47+4.30 103.63+3.27 105.02+5.40 4098  .076 -
COM (cm)  swing 59.34+5.51 55.9147.04 54.06+6.41 533 612 -
1 stride 154.81+4.68 159.555.34 159.08+11.68 328 733 -
wtio % stance 61.69+2.90 65.013.46 66.08+1.54 2070 207 -
swing 38.30+2.90 34.98+3.46 33.91+1.54 2070 207 -

stance 93.27+1.91 104.35+5.85 103.814.86 5715  .041* B,C>A
head (cm) swing 60.66+6.18 58.79+10.12 543741021 384 697 -
1 stride 153.9346.12 163.14+10.37 158.18+12.88 615 572 -
stance 95.27+4.84 103.17+2.30 103.74+5.76 3259 110 -
Rthigh(cm)  swing 59.4047.06 55.7045.70 54.76+4.74 516 621 -
1 stride 154.67+3.43 158.8743.55 158.50+10.49 363 710 -
stance 95.06+6.68 101.103.88 101.015.70 1.171 372 -
R shank (cm)  swing 60.97+6.73 57.026.49 55.42+4.09 705 531 -
1 stride 156.03+1.51 158.1243 .44 156.43+9.54 106 901 -
stance 94.58+7.08 98.22+5.47 98.75+7.39 344 722 -
Rfoot(cm)  swing 62.37+4.96 50.39410.14 54.7445.13 867 467 -
1 stride 156.95+2.69 157.6146.58 153.48+6.86 453 656 -

NOTE: *p<.05, stance: RFTD 1-RFTO, swing: RFTO-RFTD 2, 1 stride: RFTD 1-RFTD 2

B(73.25%)

COM distance (cm)

A(68.04%)

a0

w0
mstance swing

C(78.46%)

B(73.25%)

A(68.04%)

R shank distance (cm)

B
]
.
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head distance (cm)

C(78.46%)

B(73.25%)

A(68.04%)

F=5.715, p<.05
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Figure 3. Displacement (Y axis) of COM and head, R thigh limb
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Table 4. Dynamic postural stability index and coefficient of variation in FR/LR angle according to the fitting of stirrup lengths during 1

stride of the walk in horse back riding

. types of stirrup length
section F p post-hoc
A (68.04%) B (73.25%) C (78.46%)
RF angle (deg) 7.81+4.04 11.39+2.10 11.83+2.30 1.674 .264 -
DPSI 6.54+3.42 10.42+2.37 10.11+2.34 1.833 .239 -
CV (%) 11.3348.02 32.61£19.50 44.80+11.83 4.418 .066 -
LR angle (deg) 3.02+1.47 2.50+0.87 2.59+1.95 .102 .905 -
DPSI 2.55+1.29 2.27+0.77 2.19+1.67 .062 941 -
CV (%) 86.06+92.12 78.17+24.92 64.57+28.86 .090 915 -

NOTE: 1 stride: RFTD 1-RFTD 2

Table 5. Distance (X axis) between right limb and left limb according to the fitting of stirrup lengths during 1 stride of the walk (unit: cm)

. types of stirrup length
section event F P post-hoc
A (68.04%) B (73.25%) C (78.46%)
RFTD 1 38.45+3.24 38.07+3.72 36.60+4.11 207 818 -
thigh RFTO 38.49+2.92 38.39+£3.26 36.61+£3.99 287 .760 -
RFTD 2 38.2443.11 38.10+£3.59 36.90+4.21 121 .888 -
RFTD 1 66.1944.55 68.88+3.65 69.06+5.53 359 713 -
shank RFTO 68.08+3.13 68.67+3.28 70.03+4.35 228 .803 -
RFTD 2 66.20+4.19 69.07+3.49 69.03+£5.21 428 .670 -
RFTD 1 71.70+3.44 77.20+2.11 81.36+5.93 4.109 .075 -
foot RFTO 74.97+1.91 75.58+4.80 82.98+2.67 5.297 .047% C>B>A
RFTD 2 70.67+2.82 76.4442.67 80.60+6.35 4.043 .077 -

NOTE: *p<.05, 1 stride: RFTD 1-RFTD 2

A3z 71%7] Z4est, A Age 54
o] Wslol| wie} FAA ol 2lele fIAaL(p>.05), &
d Ag BEgE F Aol e AR UERHTHp>.05).
FhF HE Al ZF olE W Aol Wl upE 1A
A 7F F-9- A= <Table 5> 2 <Figure 5, 63 7+
, A5 (frontal planes)ollX] ol ek H& AzjE W
et

HE S stEe S5 wd 7 oHIE

RFTO, RFTD 2 &2 A SA4e] ®slel we} & zjo]
= e A0E YEiTthp>.05). # BH2 4= AT 7
RFTD 1 &2 Al Aol w3t wel ¢ f3ol B, A
ol sAel¢} vlwste] o IA-E fAIske] A
2 fo3k o)z YEPHIL(p<.05), RFTO, RFTD 2 &%
Al & zpole e o= ‘/]’EPX»%E]'(F>05)

BE Al SAE Zolo w} sixdE Ztee] Wske
7l1sAe] 5 7o E BASH AL <Table 6> ¥
<Figure 7, 8>3 2t} Y(hip), L= (ankle) FHL 522

lo] w}a} ARk 7] Al & Aole fle AeE
E}‘X)\L‘:}(p>.05). SR P (knee) TS| ZH WS A|A]

o 1o

AUy

Thigh (cm)

w
o

35.5
A(68.04%)

ORFTD1 mRFTO mRFTD 2
Figure 5. Distance (X axis) between right thigh and left thigh (cm)

B(73.25%)

C(78.46%)

7l A C f¥e] A, B #3158 o AdE FejE 1o
K] 0«]—& Apol7F WERAIL(F=12.237, p<01), 3571
w5k ¢ 930 A, B SR o A AAE HelE 1
of FAA Felgk AfolE YERATHE=86.524, p<.001).
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Table 6. Lower extremity joint angle according to the fitting of stirrup lengths during 1 stride of the walk (unit: deg)
. types of stirrup length
section phase F p post-hoc
A (68.04%) B (73.25%) C (78.46%)
hi . stance 112.56+4.91 116.15+2.51 120.08+4.49 3.314 107 -
ip angle
pang swing 109.50+4.03 112.78+4.81 116.46+5.24 1.631 272 -
I ) stance 110.80+3.46 116.12+6.07 127.7442.51 12.237 .008** C>A,B
ee angle
¢ swing 111.68+0.52 118.80+0.56 127.05+2.35 86.524 L001%%* C>B>A
stance 98.99+8.40 108.55+9.69 107.17+4.40 1.306 338 -
ankle angle .
swing 100.61+6.61 107.53+11.06 106.43+4.35 672 545 -

NOTE: **p<.01, *p<.05, stance: RFTD 1-RFTO, swing: RFTO-RFTD 2

o] 159.55+5.34 cm, AA718F 3571 HIEe] 22t 65, 35%
2 UERea, sHA oA thE et shE, @ 2E L] ol
S787F Z+7zb 158.87+3.55cm, 158.12+344 cm, 157.61+
6.58 em= 7|52 A Ho| dX|sl= FEE KT

WA MSste FAbdoleh vlwste] A {32 7t 4
7k, COME] A ol A=I7F #A Jehrd, 715 Al 81A
o] ==t FHv= Lr1sA 7 #-8ol AgEe] 715l
Agto] Yehbe Ao 7w, BHEE= | stride 571
Al 715AA1 o] o] ErE A dS AlALeit

gLl C 382 &2 A7or] AHs 7K /3 5 7t
71 SAe|=, coMZ HE], tE= e AW
SAYE Hola A, shEe & BH 7 fAARE
9 A Ueth ole 7lsAke] a3 9 FERde]
F=gt AHe 7 52 ZA 7 Hhorse trunk)O 2 AL
= 715A] Al 7o) 1AaE 4 o, el &
4% Al W71 7](lateral bending), 5= 3] A (axial
rotation), =7 (axial skeleton)?] PAH|EF £-2]¢lo] A
Hoil Bl Qlof(Faber et al, 2000), & A 3=
o] AdsA st Wtk o}t Bt ARl SA Yol fEE
UTHL AZFETE &, we] Bt A Q] $=(hindquarters)
AU 7159 57950l 9 AskE 4 A 2H(Dyson,
Murray, Branch, & Harding, 2003), 7]5#ke] v Ed2
AAFAHE] A-7 F7tE = ®F H(anterior) F
(posterior) ¥3Fe] EFAAQ1 & o] YeRY, 83
o AslEe Ze® AlsH

2 b 71 1 stride BF AZF] A-F 7187 7}
=9 Hale 7] AN BT A7 AAE YERE
3, 0% A f80] 7.81x4.04 =2 SR dx)EE
ZHA1E HATE ©]33 ZAZ= Oh et al. (2009b)0] <&
A 310%E St $44% 8 £ Halskal 3l
SRS Assl= B §37 olHT) 21 54 C F3<l
o 2 #AA7Z AHE Bola k. o]= Keshner (2003)
o] AfelA] ZHALe] 749, o] o] gt FRIERS
29 $FF HAI=E 8 FAE T =2 AU &

A& Fsths Hare} vlas)
HAxpZA Te] FAT 521
FAolA WA AAE Hl
AL 7€) HEE AQE AIZFSE Fo] A<
Wl wof we SPYARSH(DPSHSF YA A5 A=
sk A TAA st Aol IStk sEAINE A7k A
F 71e71E A 780 9 ¢4 e FEE BEA, F
T 71871 ol¢hs W= SA4e] 7t o 21 C f3<]
dHde =2 Zo= Yt olof] 7|$Ak= 1 stride
Bt SAAe] Wl wet A7kl 7187] Al G
e Zos s, 15 g 795 shlRko R 7187
| A S7HEIA %= B #39 AAg#AAde] =ut

B 7 A7) Wske ¥ E 7, o 7

A
BAH feld Aol YAAT, FA0I} 71 € Fol

C

= A9 Aldoe=m diFE 7k 7P wHs A—lE yEr
Wil % 24 7F RFTO Al f+AAEl= 7H8 711 534S
Ho] BAA fogt zpols YERITE W A F32 3t
A7t =18 FEE A & B4 7 AEHoE F
2 AE fX8k=s AHAE YER b, ol 7% &5 Al
752 7F S (frontal plane)ollA] 715AF dFx]2] 3}
T3 gE o] TollA HeE 4 3o, oyt Axz
2712 7F {84 2 diskrdel] FAQl JEe] mA
I Aok ek

Al Zhee] Wist & EFAQl 22l JERt
= HEAEE Sl wet A §30]
o 108 = C 1389
FeE etk =3 § #E dxe BAE s &
ol& UUAR TAHo] F7tel ulet v
He FHE Uely, 5 348 dae
A SAA Frelgk zfolE YR ©]= Ryew (2012)
7} 2452 A DAL T AAE Ak § #E 7
T 11715 =9 B A¢e] B 8o AA7] A Yehd
116.15 =7}t w9 fAkeh Aspolo), E3F <z} 58-S o

odh
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= E43% Oh % (2009¢c) A|A]7]9} &
271 Al B pEo] b= 7b7h 894 = 88.81 & FE
45 &= 11806 &= 3 #HES
123.70 =, 12435 2 Hysla YA|RF Sx14o)e}
AHE AFEA & Tk o) 5AF AR A 2o
Aol met e Ad Ztes tEA veRd 5 A, i
Qle] AAA SRR Qe sAHE Zh o] Wsto| x}o]
b AE AT B8 3 e B AgeA] B
o] YA FF71e B FAES ¢ 7 Ak
T = W, 2 AvelM 2 comt 7 e
wols Ao Mgk FAe] 9" B {3l dAst
doz AL fAEE FHE B, A9
T2 7187 ZtENE dBAgo] E=XE ANk

op

ool I3
oo i |

O

o 2
)

TS s B w B §30] A3st SAA= A7t
1=

53], To] ARe} FAS] AU P BEo] TR
weks g2)éh7] wEol (Ryew, 2012) 9] 588 UA
F SARA 7 AL fAGe] ABAYE FELE 2f
dlof st} o]Fde Eel B o), X719k F57] Al §
A4 ZA=7F 72H7F 11615 & 11278 & &2 #A-Le

116.12 = 118.80 = & -2 108.55 = 107.53==
ZH7F debbe B 3G BlE 73.25%)°] 1 stride
Bt & Ws) glo] I3 o5l fAHE A%t &
o] F¥ S AlALSE
V.2 £
2 A4e Sk BRE A S0 HYef e 7]eA}
A7 253 "1S A s) ol fl8 =
AR} 38E O e = 7] TRl 3 (EHAA v
A: 68.04%, B: 73.25%, C: 78.46%)° w& 7z} &
g, di&, sk, Tk coMel dolsAz], A9 -5
25 A7E, T/, dBAEAE, A B 7 AA1A
g 2 &K #4d g B A e 22 AES
At
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