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Featured Application: Improving the riding seat with the help of exercises simulating the effect
of a living horse would represent a considerable benefit for beginner riders.

Abstract: In studies testing the effect of hippotherapy on the human body, no one has yet compared
the involvement of the same specific muscles in exercises on a gymnastic (pommel) horse vs. a
walking horse. To improve the correct riding seat and to compare the differences in electromyographic
activity, we conducted an experimental study to measure the activity of selected muscles on a set of
probands of both sexes during three exercises on a gymnastic horse vs. a walking horse. We measured
the activity of eight selected muscles, expressed as the percentage value of the maximal voluntary
contraction. Maximal voluntary contraction of each muscle was electromyographically measured
using Janda’s strength muscle test. These values were used as a standard for values obtained from
exercising on a gymnastic horse and a walking horse. The effect of the studied factors was tested
by analysis of variance. The muscle activity was statistically significantly affected by the studied
factors. It was higher when riding a living horse than a gymnastic horse and in females compared to
males. Although the exercises on a gymnastic horse generated lower muscle activity than those on a
walking horse, there was a variation among individual muscles that justified further study.

Keywords: horse riding therapy; gymnastic horse; EMG; electromyography; hippotherapy; correct
riding seat

1. Introduction

Hippotherapy is making use of biomechanic similarities between horse and human
gaits [1,2]. Correct seating is an essential requirement for hippotherapeutic horseback
riding; still, it can be adapted to the specific needs of each rider [1]. The rider’s seat on a
walking horse is very similar to that on a standing horse. The rider should always form
the imaginary straight line of the ear, shoulder, hip, and heel [3]. Two types of seats are
distinguished on horses, i.e., working and light seats [4,5]. In more demanding runs, the
rider must be stable in a light seat; their center of gravity is always above the horse, and
adductors have to deliver enhanced performance [6].

Maintaining the body position in response to gravitation is an automatic mechanism
that appears in the early postnatal period due to the maturation of the central nervous
system (CNS). By sitting on a moving horse’s back, the CNS is stimulated, and an effort
is made to straighten the trunk to maintain balance [7]; this effort is more intense than
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in regular sitting. When sitting on horseback, the sitting area is closely related to the
position of the pelvis and root joints (hips) in the caudal direction and the straightening
of the trunk in the cranial direction. The movement of the horse then affects and changes
the sitting area of the rider according to the speed and direction of the ride. Adaptation
to sitting conditions (e.g., the movement of a horse) is a cognitive process based on (i)
immediate reactions of the CNS to control the position and movement; (ii) voluntary
correction mechanisms, resulting from, e.g., instruction from a therapist or a coach, (iii)
increasing the effectiveness of feedback mechanisms leading to improved coordination,
and (iv) transfer to automatically controlled exercise programs [7].

From the kinesiological point of view, various muscles are involved in the extension
and flexion of the axial system during the rider’s movement on a horse [8]. Both superficial
and deep abdominal and back muscles are considered essential for the maintenance of an
upright and stable sitting position on horseback due to their stabilization and antagonistic
function [6]. The ideal muscle engagement is even on both sides. Most people are uni-
laterally overburdened, whether at work or in other activities. In horseback riding, be it
sport, recreational, or therapeutic, it is very important to compensate as much as possible
for muscle and physical imbalances; this can be achieved through preparatory exercises,
strengthening, stretching, and various other tools [7,9–13].

Although some recent studies have tested the effect of hippotherapy on the human
body, none has yet compared the involvement of the same specific muscles in exercises
on a gymnastic horse vs. a walking horse. Studies have compared correct riding seats in
equestrian sports and hippotherapy [1], explored the effect of hippotherapy on the muscle
activity of the trunk and upper limb muscles during sitting, standing, and walking [14], or
addressed how to improve the stability of the trunk [15,16]. Some studies have addressed
the therapeutic effects of hippotherapy, e.g., after cerebral palsy [17,18], stroke [19], or
in patients with vertebrogenic algic syndrome [20]. The influence of horses on cognitive
functions was described by Ohtani et al. [21], who found that the vibrations caused by the
horse’s movement led to activation of the sympathetic nervous system in children.

Despite the great potential of joint use of equestrian therapy and physiotherapy to
influence the function of the musculoskeletal system, hippotherapy or hipporehabilitation
are still not widely used in the Czech Republic. Since the correctly performed riding seat
is essential not only in sport or recreation horseback-riding but also in therapeutic riding
and for rider’s interaction with the horse, we focused on preparatory exercises designed to
improve the correct riding seat. Our goal was to (i) measure the activity of selected muscles,
expressed as a percentage of the maximum free capacity on a set of probands of both sexes
during exercises; and (ii) to determine whether the activity of the selected muscles during
the performed exercises differs depending on the applied treatment (walking horse vs.
gymnastic horse). For this purpose, we test two hypotheses: Hypothesis 1: The activity
of selected muscles during the performed exercises will vary depending on the specific
muscle, proband, and tested factors. Hypothesis 2: The activity of selected muscles during
the performed exercises will differ depending on the treatment (walking horse, gymnastic
horse), while during exercise on a horse in step, it will be higher than during the exercise
on a gymnastic horse.

2. Material and Methods

The study was approved by the ethics committee of the Faculty of Physical Education
and Sport of Charles University on 3 August 2017 under number 040/2017 and was
conducted in accordance with the principles set forth in the Helsinki Declaration. Each
proband was informed in advance about all measurements and how the results will be
processed and interpreted, signed informed consent, and participated in the research
voluntarily.
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2.1. Selection of Probands

The measurements were performed on four women and five men, selected to meet the
following criteria: (i) age between 25 and 30 years; (ii) with no history of acute or chronic
musculoskeletal disorders; (iii) no previous experience of regular horse riding; (iv) and
showing no signs of general fatigue, mental and physical overload.

2.2. Exercises to Correct the Riding Seat

The following exercises were used from riding seat position:
Exercise 1 (elevation of the knees)—flexion in the right hip joint with the bent knee

(for two sec)—the right lower limb into the starting position—flexion in the left hip joint
with the bent knee (for two sec)—the left lower limb into the starting position—flexion
in both hip joints with bent knees (for two sec)—lower limbs into the starting position
(Figure 1B).
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Figure 1. Exercises performed by probands from (A) the riding seat position. (B) Exercise 1, the
elevation of the knees. (C) Exercise 2, rotation of the trunk. (D) Exercise 3, clapping the lower limbs.
See the text for a detailed description. Drawing by Klára Pyšková.

Exercise 2 (rotation of the trunk)—the rotation of the trunk to the left, fry crosswise
right (touch the left buttocks with the right palm)—turn the trunk back to the starting
position—the rotation of the trunk to the right, fry crosswise with the left—turn the trunk
back to the starting position 1C).

Exercise 3 (clapping the lower limbs)—flexion in both hip joints with extended knees
in abduction—bringing both feet together to clap—moving both feet apart—lower limbs
into the starting position (Figure 1D).

All exercises were performed on a living saddled horse in step (walking horse) and on
a gymnastic horse, and the measured values of muscle activity were compared for both
treatments.
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2.3. Tested Muscles

We chose musculus serratus anterior, m. erector spinae, m. obliquus abdominis externus
and m. rectus abdominis for testing, as muscles that actively participate in maintaining the
stability of the trunk during changes in body movement and riding seated position. All the
muscles were tested bilaterally, and the following abbreviations are used in figures and
tables: serr. ant. dx., serr. ant. sin., erector spinae dx., erector spinae sin., obliquus ext. dx.,
obliquus ext. sin., rectus abd. dx., rectus abd. sin.

2.4. Electromyography: Measurement of Muscle Activity

The muscle activity was measured electromyographically. A portable Biomonitor
ME 6000 16* (Mega Electronics Ltd., Cambridge, UK) was used for the measurement (for
more detailed specifications, see Figure S1). The device can process up to 16 channels
simultaneously, and all channels are designed to receive signals from paired flat electrodes.

Special surface bipolar electrodes from Medico Lead-Lok were used to detect the
signal. The electrodes were attached to the proband’s well-cleaned skin on tested muscles,
in parallel in the middle line of the muscular abdomen, and the ground electrode was
placed according to the protocol of the Megawin program. Electrodes were not manipulated
during the measurement. When gluing the electrodes, the proband was positioned in such
a way that allowed the palpation of the examined muscle. The electrodes were attached
directly onto the skin not to break the contact between the skin and the electrode, thus
preventing signal interference by the movement of the electrodes [22]. Eight channels were
used for the measurement: two for m. anterior serratus (dexter, sinister), two for m. rectus
femoris (dexter, sinister), two for m. externus obliqus (dexter, sinister), and two for m. erector
spinae (dexter, sinister). The data from the ME 6000 Biomonitor were processed using the
MegaWin SW program.

The raw EMG signal was cut to record only the targeted movement we explored.
The signal was then converted to the absolute value. After the conversion to the absolute
value, before the actual thresholding (detection of the beginnings and ends of light activity),
the course (electromyographic signal envelope) was smoothed by passing through the
low-pass filter in the form of an FIR filter (including a moving average filter). Thus, we
obtained the envelope by filtering the absolute value of the low-pass electromyographic
signal. To suppress the delay of the signal when passing through the filter, we used a
combination of the forward and backward filtration (filtrfilt function in Matlab). A low-
pass filter with a cutoff frequency of 5.5 Hz and a non-pass band with an attenuation of
approximately 107 dB starting at 8 Hz was used to calculate the envelope. The low-pass
filter was implemented with an FIR filter with a length of 1501 coefficients at a sampling
frequency of 1000 Hz [23].

All subjects were instructed not to consume alcohol, drugs, or other addictive sub-
stances 48 h before the experiment to avoid affecting their locomotor behavior. Before
starting the measurement, each proband was informed about the exact course of the ex-
periment and had enough time to try out the exercises without electrodes. Probands
performed the exercises precisely according to the instructions. The exercise was explained
and demonstrated to probands at the beginning of the experiment. Each proband then
performed a trial exercise before conducting it on a gymnastic horse and a walking horse.
The familiarization of the exercises ensured that all probands achieved adequate quality in
all exercises during the experiment.

After being instructed, each proband practiced the exercises to eliminate execution
errors. This was followed by the attachment of the electrodes and the configuration of the
ME 6000 16*. Janda’s strength muscle test [24] was then performed to determine maximum
voluntary contractions (MVC), followed by measuring the muscle activity during all three
exercises. Electrodes were not changed during the measurements.

All probands were measured under the same conditions in the gym and the riding
facilities of the Premium Stables in Prague. The gymnastic and living horse sessions were
performed on the same day. Each exercise was measured three times, and there was a
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one-minute break between each measurement and a two-minute break between different
exercises. The interval between the sessions was 15 min. Probands carried out exercises in
a randomized order, first on the gymnastic horse, then on the living horse.

2.5. Data Analysis and Processing

The response variable was the activity of the selected muscles, expressed as the
percentage value of MVC. The differences in muscle activity (expressed as the average
from three replicate measurements) were tested by two-way analysis of variance (ANOVA)
with treatment (gymnastics horse, walking horse) and sex (male, female) as factors.

3. Results
3.1. Effect of Treatment: Gymnastic Horse vs. Walking Horse

Muscle activity was statistically significantly affected by the factors studied (Hypothe-
sis 1) in 9 cases out of 24 (= 3 exercises × 8 muscles). The results of the statistical analysis
comparing the involvement of muscles during exercise on both types of horses are shown
in Table 1, measured values for all probands in Table S1. In 4 measured cases (i.e., 17% of
the total number), when the type of treatment was significant, the involvement was always
higher during the exercise on horseback in a step than on a gymnastic horse (Hypothesis
2). The respective cases refer to m. anterior dexter and m. sinister serratus in Exercise 1, and
m. oblique abdominis externus sinister and m. anterior sinister serratus in Exercise 2; during
Exercise 3, the type of treatment had no significant effect.

Table 1. Summary of two-way ANOVAs testing the effect of factors treatment (horse: gymnastic vs. in step) and sex
(male, female) on muscle activity (expressed as the % MVC across three replicated measurements). Statistically significant
results are shown: * p < 0.05 ** p < 0.01, *** p < 0.001, including marginally significant (0.05 > p < 0.1), marked (*);
n.s. = non-significant, df = 1, 14; horse × sex = interaction of both factors. For each significant test, the column Direction
shows for which factor the higher value was recorded.

Exercise Muscle Test F-Value p-Value Direction

Exercise 1 serr. ant. dx. factor horse F = 5.92 <0.05 ** horse in step
factor sex F = 12.80 <0.01** female

horse × sex F = 2.96 n.s.
serr. ant. sin. factor horse F = 9.67 <0.01 ** horse in step

factor sex F = 26.93 <0.001 *** female
horse × sex F = 4.02 n.s.

erector spinae dx. factor horse F = 0.55 n.s
factor sex F = 1.57 n.s

horse × sex F = 0.01 n.s.
erector spinae sin. factor horse F = 0.03 n.s

factor sex F = 0.52 n.s
horse × sex F = 0.25 n.s.

obliquus ext. dx. factor horse F = 1.14 n.s
factor sex F = 0.43 n.s

horse × sex F = 0.35 n.s.
obliquus ext. sin. factor horse F = 5.93 <0.05 * horse in step

factor sex F = 4.04 0.06 (*) female
horse × sex F = 0.20 n.s.

rectus abd. dx. factor horse F = 0.97 n.s
factor sex F = 2.72 n.s

horse × sex F = 0.17 n.s.
rectus abd. sin. factor horse F = 0.82 n.s

factor sex F = 0.83 n.s
horse × sex F = 0.07 n.s.
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Table 1. Cont.

Exercise Muscle Test F-Value p-Value Direction

Exercise 2 serr. ant. dx. factor horse F = 0.22 n.s
factor sex F = 1.06 n.s

horse × sex F = 0.64 n.s.
serr. ant. sin. factor horse F = 0.40 n.s

factor sex F = 5.95 <0.05 * female
horse × sex F = 4.92 <0.05 * horse in step

erector spinae dx. factor horse F = 1.90 n.s
factor sex F = 0.03 n.s

horse × sex F = 0.62 n.s.
erector spinae sin. factor horse F = 0.30 n.s

factor sex F = 0.10 n.s
horse × sex F = 0.57 n.s.

obliquus ext. dx. factor horse F = 0.28 n.s
factor sex F = 0.02 n.s

horse × sex F = 0.75 n.s.
obliquus ext. sin. factor horse F = 0.17 n.s.

factor sex F = 12.84 <0.01 ** female
horse × sex F = 0.89 n.s.

rectus abd. dx. factor horse F = 0.35 n.s
factor sex F = 0.37 n.s

horse × sex F = 0.11 n.s.
rectus abd. sin. factor horse F = 0.78 n.s

factor sex F = 1.40 n.s
horse × sex F = 0.03 n.s.

Exercise 3 serr. ant. dx. factor horse F = 1.66 n.s.
factor sex F = 7.10 <0.05 *** female

horse × sex F = 0.95 n.s.
serr. ant. sin. factor horse F = 2.65 n.s.

factor sex F = 29.02 <0.001 *** female
horse × sex F = 3.72 n.s.

erector spinae dx. factor horse F = 3.18 n.s.
factor sex F = 0.53 n.s.

horse × sex F = 0.38 n.s.
erector spinae sin. factor horse F = 0.54 n.s.

factor sex F = 0.24 n.s.
horse × sex F = 0.42 n.s.

obliquus ext. dx. factor horse F = 0.71 n.s.
factor sex F = 0.97 n.s.

horse × sex F = 0.01 n.s.
obliquus ext. sin. factor horse F = 0.01 n.s.

factor sex F = 12.04 <0.01 *** female
horse × sex F = 0.30 n.s.

rectus abd. dx. factor horse F = 0.22 n.s.
factor sex F = 3.31 0.09 (*) female

horse × sex F = 0.01 n.s.
rectus abd. sin. factor horse F = 0.02 n.s.

factor sex F = 2.51 n.s.
horse × sex F = 0.01 n.s.

3.2. Effect of Proband Sex

The effect of the sex of the proband was significant or marginally significant in
9 out of 24 measured exercise/muscle combinations (i.e., in 38% of cases). The signifi-
cant results refer to m. serratus anterior dexter and sinister and m. obliquus abdominis externus
sinister in Exercise 1, m. serratus anterior sinister and m. obliquus abdominis externus sinister in
Exercise 2, and m. serratus anterior dexter and sinister, m. obliquus abdominis externus sinister
and m. rectus abdominis dexter in Exercise 3. In all cases, a higher involvement was recorded
in women.
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3.3. Muscle Activity during Exercises

In Exercise 1, the involvement of muscles on a gymnastic horse ranged between
48–106% and on the horse in step between 70–162% of MVC (Figure 2). The m. serratus
anterior dexter was the least involved on the gymnastic horse and m. obliquus externus
abdominis dexter was the most involved. On the horse in step as well as on the gymnastic
horse, the smallest activity was recorded for m. erector spinae and the highest for m. obliquus
externus abdominis dexter. The greatest difference in involvement was recorded in m. obliquus
externus abdominis; in the case of sinister it was statistically significant (Table 1). Overall, in
Exercise 1, muscle activity was higher on the horse in step treatment than on the gymnastic
horse (Figure 2).
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Figure 2. The activity of tested muscles (% MVC) during the three exercises performed by probands
on gymnastic vs. walking (in step) horse: Exercise 1, the elevation of the knees; Exercise 2, rotation of
the trunk; Exercise 3, clapping the lower limbs. The values are averages of all probands (n = 9). See
Methods for full muscle names.
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In Exercise 2 (Figure 2), muscle involvement ranged between 57–95% on the gymnastic
horse and between 64–104% on the horse in step. The m. rectus abdominis sinister and dexter
was the least involved on the gymnastic horse, and m. obliquus externus abdominis dexter
was the most involved. The results on the horse in step were the same, except for m.
rectus abdominis sinister, for which the result was not significant. The values recorded in
Exercise 2 were consistently slightly higher on the horse in step than on the gymnastic
horse (Figure 2), but a statistically significant difference was found only in m. serratus
anterior sinister (Table 1).

In Exercise 3 (Figure 2), the involvement of muscles on the gymnastic horse ranged
between 51–141% and on the horse in step between 70–121%. On both the gymnastic horse
and the horse in step, m. serratus anterior dexter was least active and m. obliquus externus
abdominis dexter most active. Both groups of abdominal muscles were more involved on
the gymnastic horse than on the horse in step. For other muscles, the activity was higher
on the horse in step (Figure 2). However, the differences between the horse in step and the
gymnastic horse were not statistically significant (Table 1).

4. Discussion
4.1. Influence of the Studied Factors on Muscle Activity

All hypotheses we tested were confirmed. The muscle involvement during exercises
was affected by the studied factors. In general, muscle involvement was higher when
probands performed exercises on the horse in step than on the gymnastic horse, and it was
higher in women than in men. When performing Exercises 1 and 2 on the horse in step,
some measurements showed a general tendency for greater muscle involvement than on
the gymnastic horse; this does not apply to the abdominal muscles in Exercise 3, where
the opposite trend was recorded. The values on the horse in step were consistently higher,
although these differences were statistically significant in less than 20% of cases.

The highest tendency for increased muscle involvement (compared to the gymnastic
horse) during step riding exercises was manifested bilaterally in the anterior serratus muscle
during Exercises 1 and 2, the lowest in Exercise 3. The high m. serratus anterior activity,
recorded bilaterally, can be explained by it being a stabilizing muscle whose activity is
further increased by the fact that the horse represents an unstable base for probands—its
movement irritates the control centers and forces a person to balance (i.e., to maintain the
balance during rhythmic movement of the horse). This process leads to the activation of
muscles and nerve pathways; consequently, the brain learns to evaluate and process the
information about the movement of the body in space and control it back (so-called neuro-
logical learning [24]). At that moment, the stabilizing muscles develop a higher activity.
Sitting on a horse in step also strongly influences the development of postural motor skills
and muscles, especially the muscles of the trunk, abdominal muscles, diaphragm, muscles
of the pelvic and shoulder girdle [25].

Another possible explanation for the higher activation of the serratus anterior muscle
bilaterally compared to, for example, the abdominal muscles is that there is generally less
subcutaneous fat in the serratus anterior region than in the abdomen. The thickness of
the tissue between the electrodes and the activated muscle determines the properties of
this tissue, as well as the amplitude of the EMG signal—the subcutaneous fat reduces the
amplitude, hence, a higher body fat may skew the EMG measurement results [26].

The low activity in Exercise 3 can be explained by the fact that it was not performed
precisely according to the instructions. A possible explanation is that the horse is stable
in step, but it is an unstable base for the probands, and all probands were non-riders.
Therefore, the fear of performing the exercise was apparent. Most probands, thus, ended
the exercise with flexed knees, without the final phase of joining the extended lower
limbs above the horse’s neck. However, it is not only fear that affects the involvement of
muscles when sitting on a horse in step. The seat is affected not only by biomechanical and
physiological factors but also by psychogenic influences. Muscle activity is greatly affected
by the mere contact with the horse and the opportunity to sit on its back. For this reason,
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exercising on a living animal is more beneficial than exercising on a gymnastic horse or
barrel, which are very often used to practice correct riding-seat [14].

In 40% of cases, muscle activity was higher in women. When we consider only
riding in step, women’s muscle activity was higher in all cases, and these differences were
statistically significant. A plausible explanation may be that women have to put more effort
than men to stay on horseback. Again, it is necessary to consider the fear factor, where
women, in general, are probably more afraid than men. Lehnert [27] states that women
have 10% smaller muscle mass than men relative to their total body weight and that the
level of muscle strength of women is about 2/3 of that of men. The absolute maximum
strength in women reaches 60–80% of male values [28]. This is confirmed by our results,
when the values in the tested women, expressed as a percentage of the values measured in
men, reached 60–90% of the maximum free capacity of men in most muscles.

4.2. Methodological Implications

In some cases, values above 100% MVC were recorded during the measurement
(Figure 2). Because the values were standardized relative to MVC, this is a measurement
artifact most likely due to a greater dynamic effort made by a proband during the exercise,
whether on a gymnastic horse or a step horse. The muscle test uses standardized positions
that cannot be achieved with complex movement. Thus, it can be concluded that a higher
level of intermuscular coordination involves more motoric units, so the action potential
is much greater when performing a movement. Janda’s strength muscle test [24], which
was performed when measuring MVC, does not allow isolated testing of a particular
muscle, and when performing the tested movement, the force is distributed between the
synergistic muscles, or the movement is compensated for by other muscles. Therefore,
when measuring the MVC with a muscle test, the muscle does not show its maximum
strength, which it is able to achieve independently. When performing the exercise, the
muscle is involved to a greater extent, so the resulting values may exceed 100%.

Although muscle activity during exercise on a gymnastic horse was generally lower
than during exercise on a living horse, our results suggest that appropriate exercises off the
live horse would contribute to the training of beginner riders. However, it is important
to choose the proper exercises so that those muscles are involved, which are then most
needed on the horseback riding to maintain a correct riding seat.

4.3. Limitations to the Study

There are some limitations to our study that need to be taken into account when
interpreting the results and suggesting future research avenues. The main limitation is the
relatively small sample size in terms of the number of probands, which may decrease the
power of statistical tests. In addition, all probands performed their exercises on one horse
which did not allow to consider variation in muscle activities related to horse movement
dynamics. These limitations reflect that our study was a pilot one; for logistic reasons
(limited time frame, funding, and scope of the original project), it was not possible to use
as many horses as needed for allowing the statistical evaluation of ‘horse’ as a factor. We
suggest that this can be improved in future studies.

5. Conclusions: Avenues for Future Research

Based on the results of the study, promising avenues of future research can be sug-
gested. Given the recorded, statistically confirmed tendency for greater muscle involvement
on the left side of the body, it would be beneficial to test laterality as a factor as well. All
tested probands were right-handed, hence, they can be expected to have a greater muscle
involvement of the left side—in the case of the dominant right limb, the left is used for
stabilization. It would also be interesting to test the functionality of the deep stabilization
system. However, such testing would have to be undertaken in two groups, i.e., riders vs.
non-riders. In our opinion, the deep stabilization system is more involved in riders due to
the unstable base on the horse in step than in non-riders.
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Riding is a very time-consuming and financially demanding sport, and if it were
possible to improve the riding seat with the help of exercises with proven efficiency, it
would mean a considerable benefit for beginner riders. If it turns out that there are exercises
for which we are able to simulate the effect of a live horse, we could use these exercises in
conjunction with physiotherapy.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/app112311352/s1, Figure S1: Technical specification of Biomonitor ME 6000 16*. Table S1:
Summary of measured values of muscle activity of all probands.
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