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a b s t r a c t

Recently, equestrian riding simulators have become available for dressage, jumping, polo,
or racing. In this study, we have compared salivary cortisol, heart rate, and heart rate
variability (HRV) variables, standard deviation of beat-to-beat interval and root mean
square of successive beat-to-beat differences, in 12 riders jumping a course of obstacles on
a horse and on a riding simulator. Salivary cortisol concentrations from 60 minutes before
to 60 minutes after simulator training were higher (P < .05) than those during training
with a horse but did not change acutely with the simulated or real show jumping efforts.
This indicates that the novel situation of simulator training was perceived as more stressful
than routine training with a horse. Heart rate of the riders increased both on a horse and
on a simulator (P < .001) but reached significantly higher values on the horse versus the
simulator (175 � 3 vs. 123 � 5 beats/min, P < .01). Both HRV variables decreased (P < .001)
during the simulated course and on a horse. From 30 minutes before to 30 minutes after
the jumping tests, HRV variables were higher in association with the simulated course
versus the course jumped with a horse (standard deviation of beat-to-beat interval, P <

.05; root mean square of successive beat-to-beat differences, P ¼ .056). The changes in
heart rate indicate that simulator training required less physical effort than training on a
horse. Based on differences in HRV, training with a horse was associated with a more
pronounced sympathetic tone than simulator training. Although simulator training in
principle mirrored the situation on a horse, the demands on a horse were more complex.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction

Simulator-based training is used in a broad variety of
fields. Although flight simulators for the training of air
pilots are well established [1], simulators are gaining
increasing importance to train diagnostic and surgical
skills in medicine [2,3] and veterinary medicine [4].
Lehndorff Institute,
.
. Ille).

. All rights reserved.
Although the first riding simulator was developed over
25 years ago [5], such systems have not been widely used
in equestrian training. Riding simulators can contribute to
an objective assessment of the rider’s position in the
saddle [6,7] and the signals (aids) through which the rider
controls the horse [8]. Schooling both the seat of the rider
and consistency of the rider’s aids on a simulator will
contribute to improving equestrian performance [9]. In
addition, horse riding simulators have been suggested to
improve physical abilities and coordination of elderly
people [10,11], children with cerebral disease [12],
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patients with chronic back pain [13] and to reduce anxiety
in novice riders [14]. Recently, a new generation of sim-
ulators have become available which are aimed specif-
ically at equestrian training [8]. They can be programmed
for dressage, show jumping, polo, or racing and respond
interactively to the aids of the rider. To the best of our
knowledge, simulator-based training has not been
compared to equestrian training with horses. Horse riding
is both a physical and emotional challenge for the rider
[15–19]. To what extent the demands of horse riding are
mirrored by simulator training is so far unknown.

Continuous recording of heart rate is a simple technique
for the evaluation of physical efforts. Heart rate variability
(HRV), that is, slight variations in the beat-to-beat interval
represent the balance of the sympathetic and para-
sympathetic branch of the autonomous nervous system on
the sinus node of the heart. Decreases in HRV indicate a
shift toward sympathetic dominance as occurs during a
stress response while increased HRV is a result of para-
sympathetic dominance [20]. Physical efforts and stress
situations also stimulate cortisol release from the adrenal
cortex. Cortisol can be analyzed in blood plasma but more
easily in saliva. In addition, salivary cortisol represents the
nonprotein-bound and thus biologically active fraction of
total plasma cortisol [21].

In this study, we have analyzed heart rate, HRV
parameters, standard deviation of beat-to-beat interval
(SDRR) and root mean square of successive beat-to-beat
differences (RMSSD), and salivary cortisol concentration
in riders jumping a course of obstacles with a horse and
riding a virtual course of obstacles on a riding simulator.
We hypothesized that a jumping simulator elicits a near
identical physical effort in riders but a lower stress
response than jumping with a horse.

2. Materials and Methods

2.1. Riders

The riders participating in this study were trainees in a
2-year program at the Brandenburg State Stud in Neustadt
(Dosse), Germany (N ¼ 12, six female and male each). Age
was 21.5 � 1.4 and 19.8 � 2.2 years for female and male
riders, respectively. As ranked by their trainer, all riders had
nearly the same level of experience. On the scale of the
German Equestrian Federation for equestrian competitions
from 1 (E ¼ entry level) to 5 (S ¼ advanced or difficult
level), they were ranked as level 3 (L). The riders were used
to ride several horses nearly every day but had never
trained on a riding simulator before. Informed consent was
obtained from all riders before they participated in the
study. None of the riders reported health problems
throughout the study period.

2.2. Horses and Riding Simulator

The horses participating in this study were all geldings
of the Brandenburg State Stud at Neustadt (Dosse),
Germany, used in the riding school of the stud. Age of the
horses was 11.0 � 3.2 years. They were kept in individual
loose boxes on straw or wood chippings and fed oats and
pelleted concentrates three times daily and hay twice daily.
Water was freely available at all times.

The riding simulator used in the study was developed
for training riding abilities by imitating horse movements
(interactive jumping and cross-country simulator; Race-
wood Equestrian Simulators, Tarporley, UK). The simulator
can be controlled by leg and rein pressure from the rider
and with independently moving head, neck, and body it
simulates the reaction of a horse to any action of the rider.
Besides riding in all gaits, the simulator can imitate jump-
ing obstacles viewed on an interactive screen in front of the
rider which gives also information about the distance to the
next obstacle.

2.3. Experimental Design and Procedures

All riders had to accomplish a jumping course on a horse
and simulate a jumping course on the jumping simulator.
For 60 minutes before performing the jumping course on a
horse and the simulated jumping course, the participants
refrained from any physical activity. All riders participated
in the test on a horse first and in the riding simulator test
10 months thereafter.

All tests on horses were performed in the same indoor
area at the Brandenburg State Stud to which the riders and
the horses were familiar. After preparing their horses, the
riders mounted and walked to the arena where the
warmup started with walk (5 minutes), trot (3 minutes),
and canter (3 minutes) followed by jumping two obstacles
at lower height. The riders then jumped a standardized
jumping course with their horse (eight obstacles; height,
83–90 cm; length of the course, 310 m; average riding
speed, 290 m/min). Saliva for cortisol analysis was taken at
60, 30, and 15 minutes before and at 0, 15, 30, and 60 mi-
nutes after the jumping course. Heart rate was recorded
continuously from 60minutes before until 60 minutes after
jumping the course.

Tests on the riding simulator were performed at the
Equitana Equestrian Fair at Essen, Germany. After resting
for 1 hour, riders mounted the simulator. They started with
awarmup phase (3 minutes) and one test obstacle followed
by the jumping course of 13 obstacles. Theoretical length of
the course was 540 m, height of the obstacles was between
90 and 110 cm, and theoretical riding speed was 270 m/
min. Samplings of saliva and heart rate recordings were
performed as for the test on a horse.

Tests on horses and simulator were always performed at
the same time of the day between 10 AM and 12 AM.

2.4. Cortisol Analysis

For cortisol analysis, saliva was collected with cotton
rolls (Salivette cortisol; Sarstedt, Nümbrecht-Rommelsdorf,
Germany), which the riders placed in their mouth as
described [14,15]. Salivettes were centrifuged at 1000g for
10 minutes, and saliva was aspirated and frozen at �20�C.
For determination of cortisol concentration, a direct
enzyme immunoassay without extraction [22] was used as
described [23]. The minimal detectable concentration of
the assay was 0.04 ng/mL, and intra-assay and interassay
coefficients of variation were 4.5% and 12.5%, respectively.



Time (min)

S
D

R
R

 (m
s)

0

20

40

60

80

100 Horse
Simulator

test p<.05
over time p<.001
test x time n.s.

-30 -15 jumping +15 +30

B

Time (min)

H
R

 (b
ea

t/m
in

)
80

100

120

140

160

180 Horse
Simulator

test p<.001
over time p<.001
test x time p<.001

-30 -15 jumping +15 +30

A

N. Ille et al. / Journal of Equine Veterinary Science 35 (2015) 668–672670
2.5. Heart Rate and Heart Rate Variability

The cardiac beat-to-beat (RR) interval was recorded
with mobile heart rate monitors (S810i; Polar, Kempele,
Finland), following the manufacturer’s recommendations.
From the recorded RR intervals, heart rate and the HRV
parameters, SDRR and RMSSD, were calculated with the
Kubios HRV software (Biomedical Signal Analysis Group,
Department of Applied Physics, University of Kuopio,
Finland). An artifact correctionwas made as described [23],
and data were detrended following established procedures
[24]. For comparison of heart rate and HRV, 1-minute
intervals were analyzed at 30 and 15 minutes before the
jumping course, during the first minute of the jumping
course and at 15 and 30 minutes thereafter.

2.6. Statistical Analysis

Statistical analyses were performed with the SPSS statis-
tics package (version 20.0; IBM, Armonk, NY). All data were
normallydistributed (Kolmogorov–Smirnov test). Changes in
heart rate, SDRR, RMSSD, and salivary cortisol were analyzed
by analysis of variance using a general linear model for
repeatedmeasureswith horse and simulator test as between
subject factors. A P value of <.05 was considered significant.
All data given are the mean � standard error of the mean.

3. Results

3.1. Cortisol

Salivary cortisol concentration in riderswas significantly
higher (P < .01) from 60 minutes before until 60 minutes
after the jumping simulator test compared to the equestrian
tasks on the horse. Cortisol concentration tended to
decrease over time with a small and transient increase
detected in response to the simulator test (changes over
time, P< .01; interactions test� time, not significant; Fig.1).

3.2. Heart Rate and Heart Rate Variability

Heart rate of the riders increased during the jumping
course both on a horse and on a riding simulator and
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Fig. 1. Concentration of cortisol in saliva of riders (N ¼ 12) before and after
jumping a course of obstacles on a horse or imitating a jumping course on a
riding simulator, gray bar indicates time of jumping course, values are the
mean � standard error of the mean. n.s., not significant.
returned to baseline values within 30 minutes thereafter
(P < .001 over time). The increase was significantly more
pronounced when riders were jumping with a horse
compared to the jumping simulator (maximum values: 175
� 3 and 123 � 5 beats/min, respectively, P < .001; in-
teractions group � time, P < .001; Fig. 2A).

The HRV variable SDDR was higher before, during, and
after the riding simulator test versus the test on a horse
(P < .05), and this difference nearly reached statistical
significance for RMSSD (P ¼ .056). Both SDRR and RMSSD
decreased when riders were jumping an obstacle course
on a horse and imitating a jumping course on a simulator
(P < .001 over time) and increased to pretest baseline
values thereafter (Figs. 2B and 2C). The SDRR of riders
decreased from 69 � 14 to 28 � 6 ms and the RMSSD from
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Fig. 2. (A) Heart rate (HR) and heart rate variability parameters, (B) standard
deviation of beat-to-beat interval (SDRR), and (C) root mean square of
successive beat-to-beat differences (RMSSD) of riders (N ¼ 12) before, dur-
ing, and after jumping a course of obstacles on a horse or imitating a
jumping course on a riding simulator; values are the mean � standard error
of the mean.
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53 � 12 to 12 � 5 ms in the horse test compared to 30 � 4
to 5 � 1 ms and 22 � 4 to 7 � 2 ms on the jumping
simulator. Curves for SDRR and RMSSD for both test situ-
ations were largely parallel, and no significant interactions
of test � time were detected.

4. Discussion

Although riding a horse and training on a riding simu-
lator in principle request the same activities from riders,
the two situations differ in several aspects. The changes in
heart rate demonstrate that the physical effort of riding a
horse over a jumping course was clearly more pronounced
than a simulated jumping course on the riding simulator.
Peak heart rate on a horse was in the same order of
magnitude as in previous studies on riders during show
jumping [16–18]. The theoretical speed on the simulator
was only slightly slower than speed in jumping with a
horse. Physical demands on the riding simulator can
certainly be raised by increasing height of the virtual ob-
stacles and speed of the simulated horse or by program-
ming a requirement for more pronounced propulsive aids
of the rider tomake the simulator “approach” the obstacles.
Such a simulation would, however, mirror an advanced
level course and not the competition entry level tasks
demanded from the riders on a horse in the present study.

As expected from previous studies [17,18], the HRV
parameter SDRR decreased in riders jumping the obstacles
with a horse and a decrease in RMSSD nearly reached
statistical significance. Heart rate variability decreases to a
certain degree with increasing heart rate [25]. However,
although heart rate of riders differed only during the actual
test situation, that is jumping the real and virtual obstacles,
HRV was lower also before and after the jumping efforts on
a horse compared to the riding simulator test. Heart rate
variability thus did not simply mirror heart rate. A reduc-
tion in HRV indicates increased sympathetic activity,
decreased parasympathetic tone, or a combination of both
[20]. Our data thus suggest more pronounced sympathetic
dominance in riders handling and riding horses compared
to training on a simulator. Ridden horses, but not the
simulator in our study, at any timemay act in an unforeseen
way (i.e., refuse a fence, spook, or refuse to cooperate) and
thus require an immediate and unplanned response of the
rider. The rider will thus show a higher level of alert on a
horse than when training on a simulator. This is even more
remarkable as the riders in our study were well habituated
to riding a horse and the riding test took place in familiar
surroundings. In contrast, the riders had never trained on a
simulator before and the simulator test took place in a
novel environment. A more pronounced sympathetic ac-
tivity in the latter but not the first test might therefore have
been expected.

Salivary cortisol concentration in riders did not increase
consistently in response to the test situations which were
thus not perceived as major acute stressors. In contrast, a
performance of classical dressage at advanced level always
caused a clear increase in salivary cortisol concentrations in
riders and in their horses [19]. Whether equestrian tasks
represent a stressor for riders depends on the degree of
difficulty. The jumping courses on the simulator and on the
horse were at the lower level of equestrian show jumping
competitions and thus neither technically difficult for the
riders nor did the physical effort exceed in any way the
riders’ limit in physical fitness.

Although salivary cortisol concentration in riders did
not changemarkedly in response to the tasks of the present
study, cortisol levels were higher on the day of the simu-
lator test versus the horse-riding test. We suggest that this
due to the new environment associated with the simulator
test and the novel challenge of the riding simulator versus
the routine task of riding a horse. The situation may be
comparable to magnetic resonance image scanning in
medicine, a nonpainful but for most patients, novel pro-
cedure. Test person had elevated cortisol concentrations
immediately preceding an initial magnetic resonance
image scan but not before follow-up scans, that is the stress
response decreased with consecutive scans [26]. In a
similar way, veterinary students responded with an
increased cortisol release when asked to perform a gyne-
cologic examination in a mare for the first time but much
less in subsequent examinations [27]. It would thus be of
interest also to study the cortisol response of riders during
repeated simulator training sessions.

Unfortunately, it was not possible to perform the riding
simulator and the horse riding test at the same location and
time. Therefore, the order of tests could not be arranged in
a Latin square design, and all riders were studied first on a
horse and second on the riding simulator. The experiment
was thus not randomized with regard to all aspects of the
experimental design. However, all riders showed a high
degree of physical fitness already at the time of the first
test, and although they gained further experience with
ongoing training, it is unlikely their physical fitness did
change between the two tests. Because the cortisol release
on the day of simulator training has to be largely inter-
preted as the response to a completely novel situation, it is
unlikely that a shorter time period between the two tests
would have changed the results.

Although it cannot be totally excluded that the order of
tests may have influenced cortisol release, it did not affect
basal heart rate which was similar on both occasions.
Differing changes in heart rate induced by the different test
situations thus reflect true differences between the
equestrian tasks of the study. Any bias with regard to HRV
should have caused lower HRV in the novel test on the
simulator versus the routine task on a horse. In contrast,
HRV was lower in the test on the horse, indicating that
differences in HRV of riders between the situations on a
horse versus a riding simulator are true.

In conclusion, training on an equestrian show jumping
simulator was physically less demanding and induced
less sympathetic activity than riding a horse over a
course of obstacles at entry level of show jumping com-
petitions. Riding simulators may therefore be more
adequate for analyzing and schooling the rider’s seat,
position, movements, and aids than for physical fitness
training. They are thus a useful and less accident-prone
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addition to direct training with horses. However, simu-
lator training can only partially imitate the complex
training situation on a horse.
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