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DOES THE RIDER INFLUENCE THE HORSE’S MOVEMENT IN HIPPOTHERAPY?
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BACKGROUND: In hippotherapy, in comparison to equitation, it is assumed that the rider is a passive element,
only stimulated by mechanical impulses produced by the moving horse’s back.

OBJECTIVE: The aim of the study was to determine the influence of the rider on the horse’s movement in hip-
potherapy.

METHODS: Two sound thoroughbreds with a similar body shape and size (age - 19 and 14 years, withers height -
1.65m both, weight - 548 and 500kg) participated in the study. The test group of riders consisted of twelve healthy
young women (age - 23.3 = 2.8, weight - 59.2 £ 5.3, height - 167.3 = 4.2) without any previous horse riding experi-
ence. For each rider 36 trials in total (6 strides in 6 hippotherapy sessions held during the course of five weeks) were
evaluated. The movement was recorded by 4 videocameras (frequency 50 Hz). Spatiotemporal variables, the vertical
displacement of selected points on the horse’s limbs and the back and angle displacement of tarsus joint were ana-
lyzed by the APAS programme. Statistical processing was performed by the Statistica programme (one way ANOVA).

RESULTS: In our study, we didn’t find any statistically significant difference (p < 0.05) for stride duration, stride
length and a horse’s walking velocity. Upon the walking of horse no. 1 with various riders, statistically significant
differences (p < 0.01) in the vertical and angle displacement of points on the hind limb and on the horse’s back were
found. For horse no. 2, a statistically significant influence of the rider on the movement of the horse was found only
in the vertical displacement of the fore hoof.

CONCLUSIONS: In hippotherapy, basic spatiotemporal variables of a horse’s natural walking aren’t influenced
by the rider. As for the vertical displacement of points on the limbs and the horse’s back, the results are not explicit.
A larger number of horses is necessary for future study. The patient and the horse in hippotherapy are to be rather

considered as interactive elements than as passive and active elements.

INTRODUCTION

The physiological basis of hippotherapy is the three
dimensional transmission of the horse’s motion over
to the patient’s body (Schwesig, Neumann, Richter,
Kauert, Becker, Esperer, & Leuchte, 2009). The horse’s
movements affect that of the patient’s, thus opening pos-
sibilities to influence the rider’s pelvic and torso motor
activity (Hakanson, Moller, Lindstrom, & Mattsson,
2009). Hippotherapy can be characterised as the three
dimensional movement of the horse’s hips and pelvis
as the hind legs move forward during the walk that
provides a movement challenge to the client (Heine,
2003). The magnitude of movement impulses from the
horse’s back can be influenced by equine conformation
(Matsuura, Ohta, Ueda, Nakatsuji, & Kondo, 2008),
walking speed (Dvofakova, Janura, Vyjidakova, & Svo-
boda, 2004) and other factors. Matsuura et al. (2008)
found that frequencies of rider oscillation for short hors-
es were higher than those for tall horses and wide horses
have a smaller vertical amplitude than narrow horses.
Vertical displacement of the horse’s back increases at
higher walking speeds (Dvorakova et al., 2004).

Variability in a horse’s back movement (LL4) is influ-
enced by the rider (it depends on whether the horse is
ridden or unridden) or the fit of the saddle (fitting or
non-fitting saddle). In the ridden horse the variability
in velocity and acceleration in a forward direction was
significantly lower than in the unridden horse (Peham,
Licka, Schobesberger, & Meschan, 2004).

In equitation the rider is the key factor that controls
a horse’s rhythmical movement. In hippotherapy the
patient sitting on the walking horse only maintains his
or her balance in a position matching his or her reached
vertical level, while the movement of the horse is con-
trolled by the leader.

The Central European concept of hippotherapy
relates to neurophysiological principles of the stimu-
lation of psychomotor development and the activa-
tion of congenital motor programs. To achieve these
aims, the subject is only balanced on a walking horse
in a position that corresponds to the reached vertical
level of the patient. In this concept, the patient is con-
sidered to be a passive element that does not influence
the horse’s movement. Hippotherapy is often used for
neurologically disabled subjects. Aside from pharma-
cological treatment (Sifta, Zahalka, & Siissova, 2006),
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non-pharmacological treatment, mainly rehabilitation,
shows some benefits for these subjects. Hippotherapy
can be used for patients with various levels of physical
handicap (McGee & Reese, 2009; Schwesig et al., 2009;
Lechner, Kakebeeke, Hegemann, & Baumberger, 2007).

In some cases, it can be supposed that there is asym-
metrical loading of the horse caused by the patient in,
for example, cases of hemiparesis, amputation, balance
disorders, etc. These factors can be considered during
the horse’s dressage. In hippotherapy, the horse has to
resist the impulses of the patient. Despite a certain level
of discomfort, the horse has to retain a relaxed back
movement and clear limb mechanics.

On the basis of the above stated data, we generated
a few queries. Is it possible to consider the horse to be
a therapeutic device producing relatively uniform move-
ment impulses on subjects with similar body weight and
body height? Does a healthy rider influence the horse’s
movement in hippotherapy?

The main aim of the study was to determine the
influence of the rider on the horse’s movement in hip-
potherapy.

METHODS

Observed groups

Two thoroughbreds of a similar body shape and size
(age - 19 and 14 years, withers height for both - 165 cm,
weight - 548 and 500kg) participated in this study. The
horses were in a good state of health, i. e. fully efficient.
The group of riders consisted of twelve healthy young
women (age - 23.3 + 2.8 years, height - 167.3 £ 4.2cm,
weight - 59.2 + 5.3kg) without any previous horse riding
experience. Six persons were observed on each horse.

Experimental set up and data collection

The experiment was carried out under over-ground
conditions natural for hippotherapy. The horses were
given an initial warm up (led by hand) of 15 minutes
prior to the start of the experiment. Then six contrasting
hemispheric markers (4 cm in diameter) were attached
to each horse (Fig. 1). For each ride, 36 trials in total
(6 stride cycles in the course of six hippotherapy lessons
held during a period of five weeks) were evaluated.

Data analysis

The horse’s movement was recorded by 4 videocam-
eras (with a frequency of 50 Hz). The APAS programme
(Ariel Dynamics Inc. Trabuco Canyon, CA, USA) was
used for kinematic variables processing.

Stride duration [s], stride length [m], walking ve-
locity [m.s™!], the vertical displacement of the hoof of
the fore limb (fore hoof), the hoof of the hind limb
(hind hoof) and the sacral tuber on the horse’s back
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[m] and the angle displacement of the tarsus joint [°]
were evaluated.

Displacements were measured according to the glo-
bal coordinate system. The “x” axis was a vector running
in the direction of the movement. The “y” axis was cal-
culated as the vector perpendicular to the x-axis on the
horizontal plane. The “z” axis was calculated as a vector
perpendicular to both x and y-axes being positive in an
upward direction.

Stride duration was found in the record of the horse’s
movement. Stride length was derived as the difference
between the x-coordinates of the hind hoof at the begin-
ning of two sequent stride cycles. Walking velocity was
calculated as stride length divided by stride duration.

Statistical processing was performed by the Sta-
tistica programme (version 8.0, Stat-Soft, Inc., Tulsa,
OK, USA). The significance of statistical differences
was evaluated by the one way analysis of variance for
each horse. A statistically significant level p 0.05 was
established.

Fig. 1
Evaluated points and angles on the horse’s body

Sacral tuber

Hind hoof

Fore hoof

RESULTS

We didn’t find any statistically significant difference
(p <0.05) for stride duration, stride length and a horse’s
walking velocity among different riders in the case of
either horse (TABLE 1, TABLE 2).

For horse no. 1 a statistically significant difference
(p <0.01) was found in the vertical displacement of the
hind hoof and the sacral tuber (TABLE 1). The greatest
difference showed the angle displacement of the tarsus
joint (Fig. 2). For horse no. 2, a statistically significant
influence of the rider on the movement of the horse was
found only for the fore hoof.
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TABLE 1

Values of measured variables for horse no. 1 with six different riders

Horse 1 Rider 1 2 3 4 5 6 F
Stride duration Mean 1.20 1.22 1.22 1.20 1.22 1.21 071
[s] SD 0.043 0.023 0.035 0.038 0.044 0.030 ’
Stride length Mean 1.76 1.78 1.73 1.74 1.77 1.75 120
[m] SD 0.061 0.053 0.055 0.058 0.066 0.086 '
Walking speed Mean 1.47 1.47 1.42 1.45 1.46 1.45 0.65
[m.s'] SD 0.094 0.056 0.043 0.071 0.093 0.082 ’
Fore hoof Mean 0.075 0.075 0.068 0.074 0.069 0.075 1,06
[m] SD 0.018 0.022 0.013 0.019 0.011 0.019
Hind hoof Mean 0.095 0.103 0.091 0.092 0.088 0.105 3 50+
[m] SD 0.012 0.024 0.019 0.019 0.021 0.023 '
Sacral tuber Mean 0.056 0.065 0.064 0.059 0.060 0.056 5 435
[m] SD 0.008 0.006 0.010 0.008 0.009 0.011
Tarsus Joint Angle Mean 38.3 425 37.2 414 39.1 49.2 6.62%*
(°) SD 7.57 8.89 7.40 9.13 8.40 12.97

Legend: F - test score; ** - p < 0.01

TABLE 2

Values of measured variables for horse no. 2 with six different riders
Horse 2 Rider 7 8 9 10 11 12 F
Stride duration Mean 1.31 1.29 1.34 1.31 1.31 1.31 1,59
[s] SD 0.056 0.048 0.062 0.058 0.043 0.056
Stride length Mean 1.78 1.82 1.79 1.78 1.77 1.77 0.53
[m] SD 0.111 0.207 0.104 0.104 0.099 0.054
‘Walking speed Mean 1.36 1.41 1.34 1.37 1.35 1.35 0.74
[m.s'] SD 0.124 0.164 0.118 0.131 0.100 0.078 ’
Fore hoof Mean 0.069 0.064 0.070 0.061 0.062 0.069 5 42
[m] SD 0.019 0.013 0.012 0.014 0.011 0.015
Hind hoof Mean 0.087 0.093 0.094 0.089 0.090 0.095 L46
[m] SD 0.017 0.015 0.011 0.014 0.011 0.013 '
Sacral tuber Mean 0.060 0.059 0.056 0.057 0.059 0.056 132
[m] SD 0.010 0.008 0.009 0.006 0.010 0.005 '
Tarsus Joint Angle Mean 41.9 42.6 41.2 41.6 43.9 449 123
®) SD 7.27 6.85 7.96 7.36 7.89 5.38 '
Legend: F - test score; * - p <0.05

I Horse 1 I Horse 2 DISCUSSION

Angular displacement (°)

1 2 3 4 5 6 7 8 9 10 11 12
Rider
Fig. 2
Angle displacement of the tarsus joint during the stride
cycle of the horses

Johnston, Holm, Erichsen, Eksell, and Drevemo
(2004) demonstrated a specific significant relationship
between use (dressage, jumping, eventing), gender, age,
conformation and back kinematics. Horse kinematics
are also influenced by a horse’s breed (Cano, Vivo,
Miroa, Morales, & Galisteo, 2001). For these reasons
two thoroughbreds of a similar age and conformation
were chosen for our study.

Values of mean stride length (1.76 and 1.79 m)
were similar to those in the study by Faber, Johnston,
van Weeren, and Barneveld (2002) (1.83 = 0.06 and
1.81 £ 0.08). Minimal differences can be caused, among
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other reasons, due to the fact that, in our study, horses
were led by leaders. Walk velocity and stride duration
were different because horses in our study were meas-
ured at natural walking speed while horses in a study by
Faber et al. (2002) moved on a treadmill with a constant
walking speed of 1.6 m.s™.

The mean angle displacement of the tarsus joint
found in our study (41.3°, 42.7°) was similar to the val-
ue (43°) presented by Hodson, Clayton, and Lanovaz
(2001). Mean sacral tuber displacement was measured
at 0.060m and 0.058 m. These values are similar to
the value that was found by Robert, Audigie, Valette,
Pourcelot, and Denoix (2001), where the vertical range
of the motion of the sacral tuber was 0.063 m (walking
speed 1.389 m.s™!).

Differences in spatiotemporal variables influenced
by the rider were not found for any of the observed
horses. So the influence of a rider on complex spatio-
temporal variables during hippotherapy is negligible.

With regard to kinematics variables, the results are
not explicit. For one horse the differences influenced
by the rider were significant for all variables in the hind
limb and back. The reasons for these findings can be
inter-individual differences between horses. Faber et al.
(2002) mentioned that for back movements, in general,
between horse variability is bigger than between stride
and between day variability.

Maximal differences between the mean values of the
kinematic variables of the limbs of the horses during
riding of the various subjects varied from 0.009 m (fore
hoof) to 0.017 m (hind hoof). The maximal difference
for the angle variable was 12°. The maximal difference
between mean values of sacral tuber displacement was
0.009.

For back movement, an important factor is limbs
movement. The horse’s limbs act as springs. The stretch-
ing process stores mechanical energy, which is later
released during recoil to provide propulsion (Clayton,
2004). Licka, Peham, and Zohmann (2001) indicated
that back movement during the walk is driven by the
motion of the limbs.

CONCLUSIONS

In hippotherapy, spatiotemporal variables of
a horse’s walking (stride duration, stride length, walk-
ing speed) are not influenced by the rider. With regard
to the vertical displacement of points on the limbs and
on the horse’s back, the results are not explicit.

This study aims to answer the question of whether
the rider is really a passive element who is only stimu-
lated by the horse’s back. Our answer cannot be definite.
For the second horse, only one significant difference
was found, whereas the kinematics of the other one (the
first horse) showed significant differences for all vari-
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ables on the hind limb and back. So patient and horse
in hippotherapy are to be considered as interactive ele-
ments rather than as passive and active elements.
There are many questions for further research. The
interaction between the rider and the horse can depend
on a horse’s breed, horse conformation and other fac-
tors such as external conditions or the horse leader.
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OVLIVNUJE JEZDEC POHYB KONE
V HIPOTERAPII?
(Souhrn anglického textu)

VYCHODISKA: V hipoterapii je, na rozdil od jez-
dectvi, jezdec povaZovan za pasivni prvek, ktery je
stimulovan impulsy, které vychazeji z pohybujiciho se
hibetu koné.

CILE: Cilem studie bylo zjistit, zda jezdec ovliviiuje
pohyb koné€ v hipoterapii.

METODIKA: Do studie byli zafazeni dva anglicti
plnokrevnici podobné t€lesné konstituce (vék - 19 a 14 let,
vyska v kohoutku - oba 1,65 m, hmotnost - 548 a 500 kg).
Skupinu jezdctl tvofilo dvanact zdravych mladych
zen (vék - 23,3 + 2,8, hmotnost - 59,2 + 5,3, vyska -
167,3 = 4,2). Celkove bylo analyzovano 36 krokovych cykla
kon€ u kazdého jezdce. Koné se pohybovali v kroku pfiro-
zenym tempem. Pohyb byl zaznamenan s pomoci 4 video-
kamer (frekvence 50 Hz). Pro zpracovani kinematickych
dat byl vyuzit program APAS. Pro hodnoceni byly vybrany
Casové-prostorové parametry, vertikalni rozsah pohybu vy-
branych bodu na koncetinach a hibetu kon€ a rozsah thlu
v tarsu. Statistické zpracovani bylo provedeno pomoci pro-
gramu Statistica (jednofaktorova analyza rozptylu).

VYSLEDKY: V nasi studii jezdec neovlivnil trva-
ni krokového cyklu, délku ani rychlost kroku. U koné
A jsme nalezli vyznamné rozdily pfi jizdé s riznymi
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jezdci ve velikosti pohybu na zadni koncetiné a hibetu.
U koné B byl nalezen vyznamny rozdil pfi jizd€ s rizny-
mi jezdci pouze u rozsahu pohybu na prednim kopyté
ve vertikalnim sméru.

ZAVERY: V hipoterapii zakladni asové-prostorové
parametry koné v kroku pfi pfirozené rychlosti pohybu
nejsou ovlivnény jezdcem. Co se tyCe rozsahu pohybt
ve vertikalnim sméru na koncetinach a hibetu koné,
vysledky nejsou jednoznaéné. Pro dalsi vyzkum je ne-
zbytny vétsi pocet koni. Pacienta a kon€ v hipoterapii
bychom méli vnimat spiSe jako dva prvky, které se vza-
jemneé ovliviuji, nez jako pasivni a aktivni prvek.

Klicova slova: kun, terapeutické jezdéni, kinematika, pa-
cient, rozsah pohybu.
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