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ABSTRACT

Fourteen horses with different conformation wereedusto study the linear and
hippotherapeutical kinematics of the free walk. $t& were recorded with two digital
video cameras in a sagittal plane at a rate of 2mfes/s. Body proportions, linear and
hippotherapeutical data were extracted from theordings by APAS (Ariel Performance
Analysis System). Results of ANOVA and Duncan spheutange test indicated that the
linear and hippotherapeutical variables of horsesrevsignificantly different. Correlation
coefficients between the equine conformation anérkatic variables were determinate.
The study showed significant correlations (P<0.b&jween step-, stride length and body
parameters in free walk. It shows that taller andder horses have longer step and stride
length. Correlations were not observed between dtipgrapeutical measurements and
body parameters.
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OSSZEFOGLALAS

Lovak testalakulasanak hatasa a lineéris és hippotépias szempontbdl |ényeges
kinematikai valtozdkra szabad |épésbhen
Jambor P., Bokor A., Stefler J.
Kaposvari Egyetem, Agrar- és Kornyezettudomanyi, lélattudomanyi Intézet
7400 Kaposvar, Guba Sandor u. 40.

14, kilénboé testalakulasu lovat vizsgaltunk szabad lépésbénedris és hippoterapias
szempontbdl Iényeges kinematikai valtozok vizsg@i@liabdl. A lovakat két digitalis vided
kameraval filmeztik a szagitalis sikban 25 képkmckaodperc sebességgel. A
testméreteket, a linearis és hippoterapias kindraatvaltozékat meghataroztuk APAS
(Ariel Performance Analysis System) szoftver séggteel. A varianciaanalizis és a Duncan
féle teszt eredményei alapjan a lineéaris és hipppids valtozok esetén a lovak kozott
szignifikans kilonbségeket tapasztaltunk. A loeaskatakulasa és a kinematikai valtozok
kodzotti korrelacios koefficienseket meghatarozfuikanulmany efs korrelaciot (p<0,01)
allapitott meg a Iépés- és mozgasciklus hossz #stalakulas kdzott, szabad |épésben.
Ezek alapjan a magasabb és hosszabb lovaknak nagyt#ipés és mozgéasciklus hossza. A
hippoterapias valtozok és a testalakulas kozottoszkorrelaciot nem tapasztaltunk.
(Kulcsszavak: 16; mozgas elemzés; linearis kinekaati valtozok; testalakulas;
hippoterapia)

INTRODUCTION

Horses differ from most other domestic species b&eaheir individual value is higher and
the objective measurement of their most importantpction— the quality of the basic
movement— run into difficulties. Therefore, the accurate lizgtion of the classical
breeding principles is also complicated. Selectibhorses is based on the judgment of the
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experts that carries all the risks that derivesnfithe subjectivity. At present, due to the
development of computer technology methods haveorhec wider to increase the

objectivity of these measurements. Video analysithe most frequently used type of
motion analysis, which is able to discern many afspef gait that are not perceived by the
judge due to the poor temporal resolution of thman eye.

The exploitation of horses seems to be expandiegjdbs racing, sport and hobby,
due to the recent popularity of hippotherapy. Hippoapy is a treatment that uses the
multidimensional movement of the horse for cliemtso have movement dysfunction
(American Hippotherapy Association 1nc2010). Hippotherapy employs locomotion
impulses that are emitted from the back of a havkde the horse is walking. These
impulses stimulate the rider's postural reflex nsdbms, resulting in training of balance
and coordinationJanuraet al., 2009). The horse's walk provides sensory input through
movement which is variable, rhythmic and repetitieauffkirchen 2000).

Hippotherapy as a special utilisation makes sévgreat demands of horses.
Hippotherapy requires higher physical and mentairstfrom a horse. Gyérgypal Z,
2002). An essential prerequisite for success isftleatment method is the selection of a
suitable horse for a given patiedaturaet al.,2009). The leverage of the horse is affected
by its conformation, movement mechanics when walkiits temperament, and other
variables Hermannova 2002).A survey of horse temperament for therapeutic gdias
been published byAndersonet al. (1999). If a horse’s temperament is suitable, the
conformation becomes an important selection cateRDA 1990).

Johnstoret al. (2002) pointed out that the differences in equiseillation among
breeds would originate from differences in equineformation. The frequencies of rider
oscillation both at walk and trot were higher (F34). and the vertical (P<0.01) and
longitudinal (P<0.05) amplitudes at trot were seralbn short horses, than on tall horses.
The vertical amplitude at walk was smaller (P<0.86) the lateral amplitude at trot was
larger (P<0.01) on wide horses than on narrow IsorS@ort and wide horses should be
suitable for therapeutic riding/latsuuraet al.,2008).

The influence of equine conformation on the ridedscillation needs to be
understood to aid selection of horses for therapeiding. The aim of this study was to
determine the influence of equine conformationinadr and hippotherapeutical kinematic
variables in free walk and to use the relationstipsveen these parameters to evaluate
horses for hippotherapy.

MATERIALS AND METHODS

Markers
Eight non-active markers of 2 cm diameter were gdaon the horses after a thorough
warm up. Markers were placed to anatomical locatisignificant from hippotherapeutical
points by the same person each tirR@re 1).The marker points used for the research
were:

» left and right sitting points,

» tuber coxae distal part (distal tuber coxae),

» lateral epicondyle of the humerus (elbow),

* midpoint of the periople of the hoof (hoof).
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Figure 1.

Body proportions and marker positions

||
5. 47

Sitting point height (A), elbow height (B), tubeox@ae height (C), elbow — tuber coxae
distance (D), elbow — sitting point horizontal diste (E), sitting point — tuber coxae
distance (F). 1. expanded left sitting point, 2panded right sitting point, 3. lateral
epicondyle of the humerus (elbow), 4. tuber coxetatl part (distal tuber coxae), 5-8.
midpoints of the periople of the hooves

1. 4bra: Testméretek és markerhelyek

Ulspont magassag (A), konyok magassag (B),skétspsszoglet magassag (C), konyok-
kiilsg csipiszoglet tavolsaga (D), konyokspbnt tavolsaga (E), dpont-kiilg csipiszoglet
tavolsaga (F). 1. bal épont kinagyitott pontja, 2. jobb dpont kinagyitott pontja, 3.
kdnyok, 4. kul§ csipiszoglet legalsé pontja, 5-8. a patdk szegélyénédzsfeontja
oldalnézetben

For better observation of the motion charactesstitthe sitting points the amplitude was
expanded reproducing the human pelvis. To achibig Wwe created a trapezoid-frame
with four markers Eigure 2. The frame was secured on the back of the hbrseigh the
pads; the balls directly on the back of the hoegrasenting the sitting points were fixed
onto the pads with the nails, pierced through tketreline of the balls. The balls,
positioned on the top are the hyperbolism of tkténgi points which mark the left and right
proximal femur at cranial greater trochanter inaanerage rider. Due to the boreholes on
the balls, they sit on the pad but also can freefgte around the nails as axels or slide up
and down leaving the distance between the fous lzalhstant. The connection between the
four points on the frame is rigid making the tragidzframe similar to a human pelvis and
giving accurate data to study.
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The distances between the markers were 12( (down closer the spine of the
horse) and 300 mm (top).

Figure 2.

2. abra: A lovas medencéjét repeatald trapéz alaku markerke

Calibration, camera positioning, video recording

A calibration frame (developed at the, DepartmeftLarge Animal Breeding and
Production Technology, Faculty of Animal Scienceapdsvar University, Kaposv
Hungary) with 12 norcoplanar control points was recorded in the fidldiew (160 cm x
200 cm x 400 cm) to scale the coordinate rate. DMocameras (Scy, DCR TRV 30E)
were set up at a distance of 30 m from the horke®ef motion, as a triangle. The hor
were filmed as they walked along a track. Each éengrrformed 10 passes, led at a
walk.

Horses —-measurement of equine conformatio
In the research we used 14 horses, trained and fosddppotherapy, Hungarian war
blood breeding, and had a mean age of 12 yearggr&nto 19 years), a mean sitting pc
height of 145 cm (range 122 to 158 cm). All horlsad a minimum of 1 year exrience of
hippotherapeutic work and they were all used totéiséing procedure (placing on marke
moving in the experimental track). The horses weckin free walk by their ust horse
leaders(the person who is in charge of the leading of tipgpdtterapy horse during the
treatment session.), and were thoroughly warmegrriap to the start of the stud

APAS (Ariel Performance Analysis System, Semmelwéisversity, Faculty o
Physical Education and Sport Sciences, Budapelsé)obdy dimension vees used in this
research differ from the conventional values usebdrse breeding (Fght of the withers,
heart girth. In this case we used markers on body pointschvhiepresent mai
hippotherapeutic values and can be used in thenkatic system tgain accurate data. The
data was taken on the exact frame where the ledt dod left hind hooves are in stal
phase and close to the verticBlgure 1). The body dimension values used for the rese
are:
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sitting point height: vertical distance (cm) betwdeft sitting point and left front

hoof,

elbow height: vertical distance (cm) between léfbe and fore left hoof,

tuber coxae height: vertical distance (cm) betwledindistal tuber coxae and left
fore hoof,

elbow — tuber coxae distance: horizontal distacce) petween left elbow and left
distal tuber coxae,

elbow — sitting point horizontal distance: horizantistance (cm) between left
elbow and left sitting point,

F. sitting point — tuber coxae distance: horizontatalice (cm) between left sitting
point and left distal tuber coxae.

O 0w

m

Body proportions are shown irable 2

Analysis of videographics

Recordings were analyzed with APAS. The markertifleation was semi-automated. The
marker identification of the first frame is perfaeth by the operator. In the following
frames, the cursor automatically jumps in sequéndke location of the points identified in
the previous frame by a process known as autorpatitt prediction. The operator is still
responsible for the final adjustments in cursoritpms and for confirming the locations
prior to their acceptance.

Measured variables

Ten strides per horse were analyzed. Initial cdntdcthe hoof with the ground was
recognized as the first video frame of the starttasp and the stride as well. The toe off
was the first video frame of the swing phase.

Linear stride variables

The linear variables were th&tep length(or stance phase lengthcm), the distance
between contralateral hoof placements (LH-RH, RH-LR-RF, RF-LF); thestride length
(cm) was the distance between successive grounthatenof each limb, and thaver-
tracking distancécm) between the forelimb and the succeeding plece of the ipsilateral
hind limb (RF-RH, LF-LH). Theover-tracking distancevas negative if the hindhoof was
placed behind the forehoof, zero if the hindhoepped into the imprint of the forehoof,
and positive if the hindhoof stepped ahead of ¢tnetfoof.

Hippotherapeutical stride variables

The hippotherapeutical variables are describedithematics of sitting pointshich are the
clue of the therapy. Measured sitting point motitraracteristic show the character of the
therapeutical effect of each horse.

The hippotherapeutical variables are comparedare#planatory Table 1.

HT1 (sitting point velocity differences, cm/s)

From the aspect of hippotherapy, HT1 is one ofrttust significant kinematic parameters.
The continuous straightaway fluctuationthe mid-sagittal plané a successive acceleration
and deceleration (in the direction of the movemeat)sed by alternation of the swing and
stance phases of limbs of the horse. In the medmwteénhaces the forward and backward
movements of the rider's human pelvis including fllegion and extension of the hip, the

sacroiliac joint and the erection of the veretebcalumn. Horses with the lowest

straightforward speed difference of the sittingnt®i(low HT1) are better for riders having
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balance issues. These horses are suitable fotifirstriders or patients with spasticity. The
higher HT1 values have positive effects on trainthg rider’s trunk. Furthermore, the
higher HT1 in free walk enables the therapist tdleco the movement of the horse
according to the needs of the patient.

Table 1.

The hippotherapeutical variables
Measured parameter (1) Sitting points (2) Directios (3)
(HT1): sitting point velocity differences Accelereation— Horizontal,
cm/s (4) deceleration (8) strightaway (12)
(HT2): velocity difference between theTransverse plain Horizontal, transverse
left and right sitting points at maximummovement (9) (13)
speed of left sitting point, cm/s (5)
(HT3): the common vertica Lift—drop (10) Vertical, dorsal-
displacements of the sittingpoints, c ventral (14)
(6)
(HT4): maximum distance differenceleft—right, lift—-drop Vertical, dorsal-
between vertical amplitude of sitting(11) ventral (15)

points, cm (7)

1. tAblazat: Hippoterapias valtozok

Vizsgalt paraméterek(1), Epontok(2), Iranyok(3), Wlpont sebességkilldonbség(4),
Sebességkulénbség a bal és job oldalfpdht kozott, a bol @pont maximalis
sebességénél(5), Azdibntok egyittes kdzos, fieges elmozduldsa(6), Azdpbntok
kdzotti maximalis vertikalis tavolsag(7), Gyorsulassulas(8), Mozgés a transzverzalis
sikban(9), Emelkedés 4llyedés(10), Bal-jobb, emelkedésilygedés(11), Horizontdlis,
eldre irdnyul6(12), Horizontalis, transzverzalis(13)Vertikalis, dorsoventralis(14),
Vertikalis, dorsoventralis(15)

HT2 (velocity difference between the left and rightirgit points at the maximum speed of
left sitting point, cm/s)

The degree of lateral torsion of the vertebral poiwf the horse determine the velocity of
the sittingpointin the transversal plan€This is measured quite accurately on the basis th
velocity difference between sittingpoints (cm/s}ta maximum speed of one of the sitting
points. The alternating acceleration and decetaradif the sitting points result backward

and forward swinging in the patient’s pelvis whgtimulate the erection of the spine and
intensely influence the control of balance.

HT3 (The common vertical displacements of thengiptints, cm)

Due to the phases of walk the up and down movemwietiite flexible vertebral column of
the horse lifts and drops the patient in his ugrigbsition. This effect makes the rider
coordinate the muscles of the hip and the proxithiglh. These vertical movements are
important in hippotherapy. The higher common vaititisplacements of the sittingpoints
the more favourable because it lifts and dropsp#tent forcing the erected position.

HT4 (maximum distance difference between vertiogllaude of sitting points, cm)

The axial rotation of the vertebral column of thewde can be demonstrated by the vertical
displacement differences of sitting points. Thehkig axial rotation movement of the
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vertebral column of the horse is also favourabléctviransforms to lateralflexion of the
vertebral column of the patient relaxing the muscle

Analysis of data

Statistical analyses were made on ten stridesdh karse. Means (SD) were computed for
the spatial, temporal and the hippoterapeuticabibtes with SAS software (SAS Institute

Inc., SAS Campus Drive, Cary, NC, USA). The groupams were analyzed for normality

of distribution. Than one-way ANOVA and Duncan's ltiple range test were used to

investigate the effects of the change of the horsmeasured variables. A probability value
of o = 0.05 was chosen for all the statistical testmr8on’s correlation coefficient analyses
were used to asses the relationships between thmeegonformation and kinematic

variables.

RESULTS

Body proportions are shown ifable 2 The data shows the horses in the study are quite
varied that can expectedly help to picture the kiatic differences between the individuals.

Table 2.
Body proportions
body sitting tuber elbow elbow — elbow —  sitting
parameters point coxae height tuber sitting point —
(1) height height (cm) coxae point tuber
(cm) (cm) (5) distance  horizontal coxae
3) 4) (cm) distance distance
Horse (2) (6) (cm)(7) (cm)(8)
1 152.8 141.3 91.1 87.9 42.5 45.4
2 149.2 128.4 91.0 88.5 394 49.1
3 153.6 136.7 87.0 98.9 50.4 48.4
4, 157.9 136.1 93.6 93.0 47.8 48.3
5. 148.5 133.7 81.6 99.5 47.3 52.2
6 123.6 104.9 57.5 80.3 41.8 38.5
7 152.5 141.5 79.0 100.7 47.2 53.5
8 150.6 135.8 75.3 102.8 57.9 44.8
9. 140.3 123.9 68.3 79.0 33.1 45.8
10. 137.6 124.4 77.6 88.6 48.6 39.9
11. 149.0 133.5 75.1 101.6 49.4 52.2
12. 156.0 136.4 82.0 108.2 54.2 54.0
13. 131.5 120.2 64.6 85.0 38.8 46.2
14 122.1 108.7 59.9 85.4 43.0 42.4

MeantSD 1447+  129.0+ 77.4+115 0928+9.1 458+65 4729
9) 11.8 11.4

2. tblazat: Testméretek
Testméretek(1), Lo(2), Ehont magassag(3), Kidscsipiszoglet magassag(4), Konyok

magassag(5), Konyok-kils csipiszoglet tavolsaga(6), Konyokspont tavolsaga(7),
Ulépont-kiilss csipiszoglet tavolsaga(8), Atlag+szdras(9)
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Statistics for the linear stride variables at fresdk were determined (Table 3.). Results of
ANOVA and Duncan’s multiple range test indicatet tie kinematics variables of horses
were significantly different.

Linear stride variables
Means (SD) of the linear stride variables are surired inTable 3

Table 3.

Means and SD of the linear variables in the 14 hoes in free walk. Accentuatation
indicates the extreme values in the examined populan

Variable (1) Step length Stride length Over-tracking

(cm) £ SD (cm) £ SD distance (cm) + SD
®3) 4) (5)

Horse (2)

1. 85.9+ 3 169.2+7.0 85+26

2. 84.7x2.1 166.2 £ 10.3 7.7+£3.7

3. 83+2 16122 9+31

4, 955+24 187 +7.3 19.9+4.2

5. 98.1+2.8 196.4£4.3 27227

6. 65.3+1.3 128.9+2 38+1.8

7. 919%17 184314 26.8+3

8. 84.8x1.6 172.2+3 108+1

9. 89.8x1.7 177.7+3.4 18.4+25

10. 745+1 148.8 £ 2 3.6+0.5

11. 911+11 181.6 +1.8 17.8+3.1

12. 895+18 179.7 2.7 11.1+36

13. 84.6+1.6 168.7 + 3.5 25.8+34

14. 70+25 139.1+£3.2 13.7+29

Mean * SD (6) 84.9+94 168.6 + 18.9 146 +8.2

3. tablazat: 14 16 lineéris valtozéinak atlagai ézoérasa szabad lépésben. A félkdovér
kiemelések a vizsgalt populacio kiugré értékeitdaketik

Valtozok(1), LoO(2), Lépéshossz(3), Mozgasciklus sz(dp Tullepes merteke(5),
Atlagtszoras(6)

The linear variables of horses were significantiffedent. The system recorded and
processed data determining individual kinematiaatters.

Hippoterapeutic stride variables
Statistics (mean, SD) of the hippoterapeutic stvaléables are summarizedTable 4

Correlation coefficients between the equine confiiom and kinematic variables are
shown inTable 5
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Table 4.

Statistics for the hippoterapeutic variables in thel4 horses in free walk. Values are
mean and SD. Accentuatation indicates the extremeiues in the population examined

Variable (1) HT1 (cm/s)+  HT2 (cm/s) £ HT3 (cm) £ HT4 (cm) £
SD SD SD SD

Horse (2)

1. 25.3+7.3 6.4+ 1.0 46+1.2 1.6+0.7

2. 43.3+ 7.4 7.1+ 0.8 1.6+0.3 1.5+ 0.6

3. 8.6+ 6.1 43+1.6 3.5+0.7 2.2+0.4

4, 34.3+11.9 109+ 15 3.8+£0.7 1.4+ 0.8

5. 67.7+ 15.0 11+1.2 3.2+ 0.4 2.3t 0.4

6. 6.8+2.1 28+1.4 2.9+0.3 2.3+ 0.6

7. 38.2+ 2.9 27+1.1 3.3t 04 1.3+0.4

8. 28.3+5.1 6+ 1.2 3.4+ 0.6 2.9+ 0.7

9. 41.9+5.0 3.2+ 1.8 3.9+ 0.6 2.2+0.5

10. 25.2+5.6 3.6+ 0.8 2.3 0.5 2+ 0.5

11. 32.3+t4.1 3+1.0 4.6+£0.4 4+ 0.4

12. 36.9+ 8.4 8.3+2.1 3.8+ 0.6 2.2+0.7

13. 57.2+11.1 7.7+1.7 2.7+ 0.5 3.4+1.0

14, 35.8+ 8.4 10+ 2.2 4.1+0.4 2.1+0.7

MeanzSD (3) 34116 613 3+1 2+1

4. tablazat: 14 16 hippoterapids valtozoinak stlisaja szabad lépésben. A félkovér
kiemelések a vizsgalt populacio kiugro értékeitrdaketik

Valtozok(1), L6(2), Atlagszoras(3)

Table 5.
Correlation coefficients between the equine conforation and kinematic variables
(P<0.01)
body parameters (1) sitting elbow height  tuber sitting point
point 4) coxae —tuber
height height coxae
linear variable (2) 3) (5) distance (6)
step length (7) r=0.77 r=0.59 r=0.77 r=0.81
stride length (8) r=0.75 r=0.54 r=0.77 r=0.81
over-tracking distance (9) r=0.15 r=-0.04 r=0.23 r=0.54
HT1 r=0.05 r=0.02 r=0.1 r=0.4
HT2 r=0.09 r=0.22 r=0.03 r=0.15
HT3 r=0.17 r=0.01 r=0.21 r=0.19
HT4 r=-0.17 r=-0.35 r=-0.14 r=0.03

5. tablazat: Testalakulds és a kinematikai valtoZdkotti korrelaciés koefficiensek
(P<0,01)

Testméretek(1), Linearis valtozok(2),6pbnt magassag(3), Kényok magassag(4), Kiils
csipiszoglet magassag(5), &font-kilg csipiszoglet tavolsaga(6), Lépés hossz(7),
Mozgas ciklus hossz(8), Tullépés mértéke(9)
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Significant correlations were observed betweenngitpoint height and step- and stride
length and we found the same correlation withrgjtpoint — tuber coxae distance.

Significant correlations were not observed betweéippotherapeutical
measurements and body parameters, but we foundfisigm correlation between the
vertical amplitude of the tuber coxae and thergitipoint height (r=0.72) and the elbow
height (r=0.75) and tuber coxae height (r=0.68). Weo find significant correlation
between the maximum speed of the sitting pointelbdw height (r=0.74)Table 6 shows
correlation coefficients between all linear andpuitherapeutical variables.

Table 6.

Correlation between linear and hippotherapeutical ariables (P<0.01)

step stride over HT1 HT2 HT3 HT4

length length tracking

Q) (2 distance

3)

step r=1.00 r=0.98 r=0.66 r=0.50 r=0.24 r=0.20 r=0.01
length (1)
stride r=0.98 r=1.00 r=0.67 r=0.53 r=0.23 r=0.22 r=0.04
length (2)
over r=0.66 r=0.67 r=1.00 r=0.65 r=0.25 r=0.17 r=0.12
tracking
distance
(3)
HT1 r=0.50 r=0.53 r=0.65 r=-1.00 r=0.47 r=-0.10 r=0.13
HT2 r=0.24 r=0.23 r=0.25 r=0.47 r=1.00 r=0.05 r=-0.06
HT3 r=0.20 r=0.22 r=0.17 r=-0.10 r=0.05 r=1.00 r=0.18
HT4 r=0.01 r=0.04 r=0.12 r=0.13 r=-0.06 r=0.18 r=1.00

6. tablazat: A linearis és hippoterapias valtozékatti korrelacioé (P<0,01)
Lépés hossz(1), Mozgas ciklus hossz(2), Tullépéékaés)

Significant correlations were observed betweenliadlar stride variables. We also find
medium correlation between HT1 and the over tragkiistance. There also was a tendency
(r=0.47) between HT1 and HT2.

DISCUSSION

In our study the kinematics variables of horsesevggnificantly different, so the method
we used is suitable for assessing and comparirgebarsed in hippotherapy.
Horse nr.3 is ideal for the first hippotherapeutaining, due to the extremely low speed
differences the riders can find their balance megsier, furthermore, it is also ideal choice
for spastic patients. Horses nr.4 and nr.5 haveellxt axial rotation effects on an
experienced well-postured rider, this also resthis most effective muscle relaxation.
Horses nr.1 and nr.2 are ideal as hippotherapéotises as in motion characteristics they
provided medium results suitable for patients midtimpairments.

Little work has been published on the effect of irquconformation on rider
oscillation. This study showed significant correlas between step-, stride length and body
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parameters in free walk. It shows that taller amuger horses have longer step and stride
length. Correlations were not observed betweendtirapeutical measurements and body
parameters. We suppose that there are too mangrdathody parameter) effect the
movement of the sitting point of the horse.

We found significant correlation between the veitemplitude of the tuber coxae
and body parameters. It shows that tuber coxaallef thorses move on a bigger vertical
range. Barrey et al. (2002) showed that Andalusia horses whoikers height, back
length and forelimbs were smaller than German Isonsel smaller vertical amplitude.

There was a strong tendency (r=0.65) between gifioint velocity differences (HT1) and
the over tracking distance. From the aspect of dtipgrapy, HT1 is one of the most
informative kinematic parameter. The continuallyward fluctuation in acceleration and
deceleration (in the direction of the movement)seauby changing the swing and stance
phases of limbs of the horse enhances the forwaddbackward movement of the human
pelvis, flexion-extension the hip and sacral peljgint and erection of the vertebral
column. Horses low HT1 are better for riders havbajance issues. These horses are
suitable for first time riders or patients with speity. The higher HT1 values have positive
effects on training the rider's trunk. The overcking distance is measurable easily,
without any special equipment, so this is a usiefiermation for the hippotherapeutists.

There also was a tendency (r=0.47) between HT1HiR2 (velocity difference
between the left and right sitting points at maximgpeed of left sitting point). The
lateralflexion of the equine vertebral column caus@ansverse movements of the sitting
points. This results a rotation of the vertebrduom of the patient relaxing the muscles of
the trunk. The longest step length and over-tragldistance were noticed at individuals
with high average HT2, because the lateral flexabthe vertebral column is determinate
mostly by the step length of hindlimbs.
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