CONTENTS

DROSREIY (= e e S s e e 1
Chapter 1 - Introduction..........ccccceciiiienniinnnns s riA aas e 9
TheLanguageof BiomeshamICE . ... .oooovei o miiininns iiiliidin. 9
Observations and Measuremems ......c.cc.iviiiiaimaiiitinsisssrisisarnsoss 10

{5 RO RN e 0 g L L e e SR DO PR Se R o 1N 11
Seulnrs a0 VECIONS i e i it i bssiins baisvirsas it ens 12
TypesoEMOVEmeRt ... g dahdmR alins v v 12
TERBIBEON .o .o sintitisecisiiabtonir it R S ARRE b ovh s e d i o ins 12
RotRlion . i ci i vt i b A S i San it hanss 13
General Mobion i o i/ i R s W SR st s e 16
PART 1 KINEMATICS........... RIS EO e S S S 17
Chapter 2 - Temporal Kinematics .............ccooecvernnnnaees 19
T e T R i SRR e AR e s S Ry e 19
B o vt o e R o e 21
TR S i e e 21
L A e i ees st L ety Sn i s LG 21
SR BORURRDS v i B S e s 2
£ e S S €t ¥ M R G Vo) e bt B ek ot e LR 23
Temporal Ciait Variables ... ibaidnis Sadgiusi e 24
BTN - ... e e T Gl G i s 24
SEIRE RELE OFTOMPO - .ivroovnvrriivitimns s s p s st Sy o rsohs 24
L L PR T RO SR s St D B e SRR 25
T T SRy e 0 R g S R S e ee v i e 26
Stnceand Swag Durslions s Ga i SR SR e 26

Time Debneen POOHEIE ... i i reineriiiiii v s isisveinh sasesrane 26
TENEDWORN LI-OMIN oo il i Ot ik ne s it e s o 2
Stanidardization of Temporal VAFADIES ..............ccmmsmsicamsssimnesinns 29

Limb SUDPOE SEQUENCE ... ioiiiiiv oiion - S5a5 i s s inaits ses s siviuss diviess =
TETDONR SR DNBBIIINN ..o oiorovisnssiovssiinsons anpanicheps 30
e (BRI e R R MR SR S b e S @ Wt e 30
FOGENI R DB . oo ol i i i tonsbiaaimratsosinsenssivatins 31
DU DINEIR . vt e A s Tans S e 31

o T e e SR S T AR s VL R et e R 32



Chapter 3 - Linear Kinematics ......cccccccovvirreeennicciinnnnns 33

Linear Distance and Linear Displacement .............cccceevveenen. 33
Stide Langth ... aimihii i o st s B 37

D LBBRD .o mn thnasonssesihnssomh ey AN Rt gt s i menaend 37

P T B e R A A 5 B ST T e AR B S i, b 38
Laterpl Eength ..o s i R IS N TR 38
TracInE LEBBIN ..o oo monoidiiss ot onianiodios sdoiaet iniatosos iR IN e anve 39
Linear Speed and Linear Velocity ..............camiimiitill., 40
Standardization of Linear VANAbIEs ......ciciiidiiiimiintsmimmiibiissnes 42
Instantaneous Speeds and Velocities ............ oo nnaiiaiioee.. 43
L R e e A b SO B T -
B T R SR SR DGR s 44
Relationship between Displacement, Velocity and Acceleration ........ 46

The ERCCtofORaVILY ......ooooiiiisionniss ot iy s coeiiaionss shos s 47
Summation of Linear and Scalar Vectors ...........cccccceeviiinnnae 50
Chapter 4 - Angular Kinematics............ccccunereennnsnnnnnns 51
Angular Distance and Angular Displacement ........................ 51
Angular Speed and Angular Velocity ..........ccccovveevvenvereenvenne. 55
DO ACORINOON .. . i s R s RS 37
AR VECINE .. i niains et oa 37
Relationship between Linear and Angular Velocities ............. 59
Chapter 5 - Aerial Motion..............cceivimimiinnnnnenenneennnnn. 61
Factors that Influence Aerial Motion ...........cceeeveeeeiieeeennnnn. 61
SRR ©- oihi i i e B SR ey o T ap 63
LT e s e e e b YRy MR S OIS e 66
L ARt e S e s Do SRS Ra R SR e o 66
Hotidontl VIO ... nines GBI DR G G R b+ 67
BIIR S 8 UITURE T TRty o oiss snimsbnisnes aviss nnasiaeh s S in s PRARREATEARD S
Chapter 6 - Kineticsn Overview .............cccivvieeennnennnnna, 71
R s i e AR ek g3
Rt e SR e s . SO 72
B e G A 73
oA Se s el PR B SR 7 73

vi



FOIE bl o i i i st e IR A AT s 75
s T T T RS S PN s e B e SRS 76
FORCRDE TN o i it hr b e DRp s s 71

LAGOEEROVIBNON ... o i i bsantons iosi S 77

Laws o MOBON .5 iR B o siiises oagsi b b S st v s 79
Farst Law of Motion i i it coniemseinatiti s des o o shsas b visne o
Second Laow OFMotiol 00 e ot isimbmsi by ¥ issas gasies e,
Thid DGR NI -0 ot h e e aiiniisssiissiesssssanibensai rgarss 81

HapEIEE & R e o iRy s s 85

T e e ok s B b L B e o i e e 87

Free BOGYINBEIING ... .o L L il s 88

- RO K R B S e e 90
HIOOE PYSRBIRE ... i i s a i A R Ty T Ve T S 9
Landing frome e Helght .- S i R i st oy iess 9%
BHUIE PYCRIIE .. oieiirss srssns cxnesntars Eybas eunst HoP FptHaPEubi AR b b 91

BUCROI SN L iivins i i tin S AN IO S s 91

SOIThess nd COMPRIENCE (i oivivrisivniboidede T Wards ool sotoasas sy 92

Chapter 8 - Angular Kinetics...........ccccceiveeenn. S 93

Foroes That Uause ROWHON ... v di i pisive 93

TOBRIE < ioiocoss uoniriibiinis savenis oo i P iR 95
Muscles a8 Torque GEenerilors..... ... svissingepassssmsssgusionsse R

ARGUIRE VIOMEDIINY ... ...oiciomivisiahisiss csratapibippeyoiagh ik iobisns o 100

MOMORLOEINEItA ... ..o i i sppneit ittt 100
Moment of Inertia of the Equine Limbs .........ccccccevvienirieciinieneennen. 100

Aguler VRIOCHY . ... i csiidin i tusprn domspa itk g it s s wies 101

Eaws of Anpular Motin: 2. il sl il cmmermiaise tevises 101
First Law of Angular MOUON 1. ccoiccevinnisancsasussssionermississsenssisssasssseacsnss 101
Second Law 0f ANGUIar MOON ... ..cviniasissmingsrsnisamscssnonsssssnsonse 103
ThE L oL Anstilar MIGHOR ... . iac s s iviiiorminesssess 103
TranIer OF MOINEIUIL ... .ocvio ool iiniinerssimssissasisrssressssaviossnsas sense 104

VECHO trongh 8 T (i GRS e n i 104

vii



Chaptor 9 - Lavers ..o i il it 107

How Leverage Wotks ... iuciai s i 107
Using Leverage to Increase the Effect of a Force...........ccccueeneee... 108
Using Leverage to Increase the Speed or Distance of Movement ... 108

TVDETLOVES o aaa e e 109
FINECHBELBVel . A e e 109
SEcONUCIasE Lovers «.......iiiiinaiiiiiiniinnis i ot 110
SRS LIS il i st B e s e s 112

CHAPIT S PHIEHON .. i e it e 113

PR SRR ST (.. voiocinersoionsiviions i oo mnnss i ns s 114
E T e U e e R R e e s e e 115

CORBREOI NI .. i e 116

BOMER IR oo i s 118

Grip and Slip in Equestrian Sports ..........cccceeeeveveiiieeivnnenns 119

Ghapler 11 = IMpPBCE.. ... ic i sniiita s ianisursininess 121

B oo nino s o sasam e G 121
Hoof Contact With the Gronnd ........ic.ninaniiimin b Somsding 121
VIS B PRI SN & i s Gl ek S S R s 121
L O it s P SRR e 122
S R o RN R e S e R e 123

B e e, s BN SR i s R S s

DINCI PRI o s s 124

¢ F o d s B R R BSOS el . S oy Sed e 125

s S U e e S S e e R S 126
G R T e SR e S o R o SN o R B S P 126
e el G LR SR S A e S R 8 S SR SR L s A 126

Chapter 12 - Balance and Equilibrium ..................... 127

L Soaes S et e o S 127
THE DRI BRI i bk b R i e v 128

T e T R e I N e e 130

EOT O VISR ..ot e e 130
TR E T BT SR e T SR SO T S e e 131
e BT 8T T e i e S R e S S 133
Calculation of Center of Mass Location ..............ccceveireeeeinsirenienenns 134

viil



What Makes the Horse Stable .........covveeevveviiiiieiiinveceenennnns 136

Stabile Bamlibaiat . o S i i iin i S ke 136
8T T T T e e e SO O e s § TR 4 136
Mgl PN & ottt ssinmaiis o isinssssnitas o ivbenss 137
Stability versus Maneuverability ...........cccccceevveiiiiereiieennne. 138
locatiopofthe L e UMY .. oo G aisiiasicadiviiveeios 138
5128 01 1he Baag OF SUNBIIY 50 o o se s o ssies asidinbineiriinssia 139
W O R B s i aiireiimririsrsrarersmvs o daesse 139
Heightof the Centerof NS - v it i Cniilimsinsstistans 139
Conforinastional CoRsiErBliOns ... ... ..o iimssesisntob fosisisvensn 140
BRIBNCE: 5. iiniis B iitomin s s e b W ssiiss 140
Balance inthe Standing Home- .. v ainmaan i Sl 141
Balarice during Locomotion ... vuv. s it e ste sz eabits sis 142
LT IR I G B RO W e B T 44
Chapter 13 - Energetics ........ccccccuverreneen. SR e e 145
RUIROUIBEMITNOING - o i s st B 145
W s e B VA R 146
1Al B ERERIWOIK o s v s st T sba s 147
PUIBEE. 0 oo virsra s v R AR TR ST £ 148
T AR S S s S I e en e i e 149
Principleof Copservation of Biergy ... . o 149
e T e R e R N A A D P At 150
T DT DT S Sl i g e e e ARl 150
PatentialBnerpy - vasna g o RS GG. 152
Energy Generation and AbSOrption .iii.....vcniineiiiiiviiviiiemmiiions 155
Energy EXChARZES ........o00 55 ot it TORS RO AU i5s s dvis ogsdoe 155
Kinetic Analysis of Equine Locomotion...........c.cccevevveennnne. 4.5
IVEESe DVERENCE . it 0 e fa S s s s e o s 157
FOPWERIS IIVIIIINICE . .. i oo ootk v i demdisat s sibems sionues 158
BART 3 LOCOMOTION ..iiiicoicnieiisasmsnsrnsnismnsassssmussnnsns 161
Chapter 14 - Gait Characteristics ...............ccccuuueeenen. 163
LR OVIIRRIY . o i ek sh s sy 163
T Rt e s e e i S e 163
L R A S R St T pSe A O DR e S, 164
RIS . i s e e SR 167




Temporal Characteristics of Symmetrical Gaits ..........ccoccvvviiniennnnene 168
THEEAHE . o Rl L 171
Wl e e e e S 171
RENBINE WHIK . i s bisisbin bl ot s i ia e S e b e 173
T .. i e R B S v A SR R 173
T SRS SRS S R B 8 Rt e S 174
B e T A o A RS Vi s 174
LR e e e R R B R e 174
R BN R TR B R SR R 175
CIBBIE P00 oo v nisnlb sk ter et 175
PRIOLINEE. 5o IR G B AR AD B Db s 57 176
SOBTERRARAAD ... i i v s e i S R ks 176
MaBRICAET i s e R e e 176
NEERE TR . i S P U B o G e e o 177
REM B o i e ey e st areh s 177

§ 55, SR G LA rara i SR R St SRR e e oA 177
JOR THOE i it v savisantivsiarih s oS eues W L A id v LV AP s 5 s 180
PRUBREE O i ilaiiiicimiimesviinmie obos iobvokek wleds bids sossb SOREHBoV Y bx 180
BRI o i it i iR v SRR S KOG SRR T T 181
LTSS TR e T4 W S R S et e 182
ST L G S et i R MO Y OOy B 182
B SRR S R R T e e S e 183
T Rl T S e e e R el S e e S U 186
GaitAdaptations Tor Racing ... vnmmmiioninominsi 187
Gait Quality in Sport Horses: ol siavanas siinee. 190
How Locomotion Changes With Age ..........c.cccciiiiiiinnnnnnn, 192
Changes in Gait DuetoTrathing ........0.......0 i nniii 193
Chapter 15 - Ground Reaction Forces........... St 195
CIRENBCIOR L niadhiivich s mt i i r st ssivs 196
e A AR i g SRR T el RS e AT 199
Vertical Component of the GRF (GRFyert) «+ivoreeeeenenennniiicianssussioneanes 199
Longitudinal Component of the GRF (GRFjgpg) «-.vvvevveeeriviiinuiiinns 200
Transverse Component of the GRF (GRFrang) «vvvrvevevernnnessscnesunnene 203
LB LAl DRI mMBESIENCE .. s 204
COBCUBNION SUPING TIPHOL .......oicio oo it itsssphosasssigens 204



T SRR TR N R R T L e 206

Ground Reaction Forcesat Walk ..........c.ccoovviiiiiiiiiiiininenenns 206
Ground Reaction Forcesat Trot ............ccovvveivenriininrencrannen. 207
Ground Reaction Forces at Canter ..............coccvviiveesrennsnnaes 208
Ground Reaction Forces during Jumping .............cccccoeueeee 210
Rider Effect on Ground Reaction Forces .............cccovvvvunnee 213
Ground Reaction Forces in Lameness ............ccccceeveervennnnn. 214
Footing and Ground Reaction Forces ............cccccceviennnnn. 215
NOMIBIRCHCHIILPOIIER v st nssitssrinsasvonnos 216
Chapter 16 - Limb Mechanics ...........ccccccmiiiiiinnnenenn. 217
MUSCUIOSKEIEtAl TISSUES ....oviiiiiiissirsssrssssasasassssssrsassannssansens 217
MOVEEE I IOMIS . e 218
ARV OT INIISBIES - i v it i e B e 220
Ehergyiipvimp Tondons ... .0 i R s 223
RECIDIONNE AEDUEAIES <..... o ovconveesimismvisesemerssoriiaimbius issibwinses ot ess 223
SHIDSOROTY ADDBEBRTUS ..o cvosinsisnrisainssnssestosiynonesyspinsassssstssasastsas 224
Digital PleXor TERAONE .iocivrussmoimioieisssssiinissssasssiionssiininsnssssiessipss 225
R A OONR o ia s rtsan seie 226
Unguligrade STANCE ..o o comiimien ivssndssimsnisiinmsnivaisssessisssssressreion 226
Elongation of the Limbs . ciiiiiiiiinniniiiinsmmiiminmsmisisi sonisiisis L7
Reduction of the Moment of Inertia ...........cccccoeevvivnvvieiiiniinneeneessenns 27
s b B e o SRR MU e e e S i S Ok 231
LIibs a8 SHINDR ...l ininanmmambens i G 233
Energy Exchanges During Locomotion ...........ccccceeenuieneen. 234
Inverted Pendulum MecRaniSm i v main s s i 235
Spring MEChRRIBIIY &, .ot umiitvansisstiasitinssbenssuastsisiorvasnsiarss 235

L aeness VI RANICE - o Bl s s s reaonat 237
BIDHOGraphy ......ccccccccvnunmensinmsnsnmsmnsasssasenisssnnssonsnsasnas 239
Appendix A - Sl Units of Measurement..................... 247
Appendix B - Index of Symbols..........ccccccerrininnnnnns 249
Appendix C - Dealing with Vectors ........ccccccccuuueeein 251
T S S R RS e It O S O Bl S 257
Order FOrM..........ccouvieisnnenmnansesmsassssmsnsnssmsnsassssnsesssassasssassnas 267



