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Introduction
The concept of riding contains a wide range of to-
pics, which historically includes the use of horses 
in the entertainment, leisure time or as an object 
of culture and sport. Today the role of horses is 
mainly concentrated in horse racing and recre-
ational riding, but at the same time it is actively 
used in healthcare, especially hippo therapy, hi-

ppo rehabilitation or therapeutic riding (Hollý, 
2005). The main equestrian sports include show 
jumping, dressage, eventing, wagonering, Vaul-
ting, western riding, hunting riding, endurance 
riding, horse racing and Para-Equestrian. The 
world popular equestrian games can be men-
tioned especially Polo, Horseball and Pólokros 
(Slyová, 2002).
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Souhrn
Cílem studie bylo monitorovat úroveň zatížení při rekreačním ježdění při různých druzích chodu a zjistit 
rozdíly mezi začátečníky a pokročilými rekreačními jezdci.
Při terénním výzkumu bylo monitorováno 18 jezdců na koni (14 žen, 4 muži, M=26 let) při třech druzích 
chodu koně, krok, klus, cval. Jezdci byli rozděleni do dvou skupin podle jezdeckých dovedností na začátečníky 
a pokročilé. U testovaných osob byla před výkonem monitorována srdeční frekvence a výdej energie v klidu (v 
sedu) po dobu 5 min. Jezdci zahájili test 5 min jízdy v kroku, následoval 5 min odpočinek, 5 min. jízdy v klusu, 5 
min odpočinek a v závěru 5 min ve cvalu. Měřena byla srdeční frekvence, výdej energie a rychlost pohybu koně.
U všech typů chodů dosáhli začátečníci vyšších hodnot SF než pokročilí. Byl zaznamenán trend snižování 
rozdílů ve výši HR mezi oběma skupinami s rostoucí rychlostí pohybu koně. Nejvyšší rozdíly byly zjištěny 
pro nejpomalejší chod – krok (29,6 %), pro klus 14,2 % a pro cval jen 3 %. Největší nárůst hodnoty srdeční 
frekvence u obou skupin byl zjištěn mezi krokem a klusem.
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Modern horse riding in Czech Lands is dated 
back to Department Sokol of Prague foundation 
in 1891.Today Czech equestrian sport is organized 
by Czech Equestrian Federation (ČJF), which inc-
ludes most equestrian disciplines (show jumping, 
dressage, eventing, wagonering, vaulting, reining, 
endurance and para-equestrian) excepting horse-
-races, which are managed and organized by the 
Jockey Club. ČJF is a member of the International 
Equestrian Federation (FEI) and the Czech Olym-
pic Committee (ČOV) since 1927. Currently it 
has approximately 13500 members in 1600 riding 
clubs. The number of horses is constantly increa-
sing in Czech Republic since 1996, which shows 
the popularity of horses. In these days, 7500 hor-
ses are registered in Czech central register (http://
www.cjf.cz/). We distinguish three different gaits - 
walk, trot and canter. Walk is the least demanding 
for both horse and rider, the average speed in walk 
5-7 km / h. It is used also in hippo therapy. The 
trot is more difficult than walk and it is often used 
to overcome long distances. The average speed of 
the trot is 12-15 km / h. The trotting breeds reach 
exceptionally high speeds (40 km/h) on the track 
of 3 km. Canter is the fastest basic gait. It is very 
difficult for both horse and rider. There is a large 
variation of speed from very slow canter around 
15 km/h to 60 km/h during the horse-race. The 
length of carter usually does not exceed 5 minu-
tes. Thoroughbreds are the fastest horses. They are 
able to reach speed over 60 km/h at the distance 
of 1 km and 70km/h at the distance of 500m (Jokl, 
1977). Canter is used in hippo rehabilitation, pe-
dagogical and psychological riding or driving of 
handicapped people. Other gait is gallop but it 
does not belong to others. The gallop is very much 
like the canter, except that it is faster, more groun-
d-covering, and the three-beat canter changes to 
a four-beat gait. It is the fastest gait of the horse, 
averaging about 40 to 48 km/h. It is recommended 
only to experienced riders. There are many other 
gaits, but these are specially rehearsed as part 
of some equestrian discipline, such as dressage 
(Tettenbornová, 1996).
Horse riding belongs to outdoor activities, which 
are healthy for physical, mental and social aspects 
of human. It has a positive effect on the entire 
musculoskeletal system, it helps to improve and 
keep the quality of the cardiovascular and respi-
ratory systems. It is proved, that horse riding im-
proves the level of coordination skills, especially 
preparedness of endurance and power, because 
there are many physical demands, which are pla-

ced on rider during longer distance of riding or 
higher speed. During the horse riding, the whole 
rider’s body works and there happen to dynamic 
changes in muscle tension in most postural musc-
les with a frequency, which is corresponding to the 
rhythm of the horse. The muscles of the limbs are 
primarily used for controlling the horse. The most 
stressed muscle groups of the lower limbs are knee 
adductors, flexors and extensors, during the chan-
ging of the body center of gravity (jump, canter). A 
result of dynamometer tests does not prove signi-
ficantly greater muscle strength of riders. Perhaps, 
the strength of adductors has bigger differences of 
statistic significance (Melichna, 1995).
Physiological stress of riders varies according to dis-
cipline. More generally, it is a mild to sub maximal 
exercise intensity. In recreational riding, it is usually 
stress of mild to medium intensity. In the competi-
tive equestrian sport, the intensity rises to the sub 
maximal level and in short-term to the maximum. 
These values are achieved especially before jump and 
in jump (Paalman, 2006). The heart rate of rider and 
horse are changing at the same time, but the horse’s 
values are always higher than the rider’s. During mo-
nitoring there were discovered significant differences 
of the average heart rate between amateurs and pro-
fessionals, but also between men and women (Me-
lichna, 1995). Experienced riders use 60-90% of their 
VO2max in trot and canter, but top riders use only 
38-58% of VO2max in the same disciplines. Two ri-
ders, who have completed the track of ten barriers 
in less than one minute, have used their VO2max 
of 73-78%. An experienced rider, who has comple-
ted dressage in ten minutes, reached only 40% of his 
VO2max. However, most riders usually use 60% of 
their aerobic capacity. Work performance of current 
ride is relatively high and it is approximately 120W at 
bicycle ergometry. In some competitions of equestri-
an disciplines (especially during the short physical 
performance) is appeared (like in other sports) the 
formation of lactic acid in the muscles. Tests of dif-
ferent disciplines demonstrated the values of two to 
five times higher than the resting values. For examp-
le, the values, which were measured after jump com-
petition, reached 6,2 mmol.l-1 and 13,1 mmol.l-1 
after dressage (Melichna, 1995, www.Answers.com). 
According to Melichny (1995) is the energy expendi-
ture of the rider during the walk 12,5 kJ / min. (260% 
nál.BM) during the trot is rising to 33,5 kJ / min. 
(700% nál.BM) and during the canter is reaching to 
42 kJ / min. (880% nál.BM). The differences in ener-
gy expenditure between trot and canter are smaller 
than the differences between walk and trot. 
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The main point of this study was to determine what 
level of functional load and energy expenditure is 
reached by the recreational riders during the diffe-
rent types of horse gaits.

Methodology
The research was conducted on 18 probands (14 wo-
men and 4 men). An average age of the riders was 26 
years (SD 9,73) in the range from 15 to 50 years. The 
riders were split to two groups – beginners (n=9) and 
intermediate (n=9). The beginners were engaged in 
recreational riding in length from 0,5 to 1,5 year and 
advanced riders from 3 to 15 years.
The test was conducted in a large outdoor enclosu-
re. The substrate was mixed. There were grass, clay 
and sometimes also sand. During the research trot 
and canter were applied. The research was condu-
cted at average altitude of 160 m above sea level.
We used Sporttester Polar 800 with GPS for getting 
data, with which was monitored heart rate, energy 
expenditure and the average speed of the horse in 
each gait. For each measuring was sporttester ca-

librated to the individual characteristics of the ri-
der, such as gender, age, height, weight and physical 
fitness. Before the procedure we monitored heart 
rate and energy expenditure of tested riders in the 
resting (sitting) position for 5 min. Then they rode 
in walk for 5 minutes, in trot for 5 minutes and in 
the end in canter for 3 minutes. Between each gait 
was a break for 2 minutes. Every ride was measured 
separately. We used descriptive statistics and t-test 
(p ≤ 0,05) for data processing.

Results
During the measuring, it was found, that the aver-
age speed of the monitored riders in the walk was 
5,2 km / h., in the trot 10,2 km / h. and in the ca-
nter 14,9 km / h. From tables it is clear, that the 
stress of riders gradually increased from the easy 
horse gait after the fastest canter. The values of the 
heart rate at rest position (sitting) of the beginners 
were slightly higher than the values of the advan-
ced riders (+6.5%), but this difference was not sta-
tistically significant.

Table 1 The average heart rate of both groups in individual gaits and in rest position

groups relaxation 
(SF/min)

walk 
(SF/min)

trot 
(SF/min)

canter 
(SF/min)

beginners x 90,6 140 160 168
SD 17,1 22,3 19,7 25,3

advanced x 85 108 140 163
SD 9,6 13,2 14,3 14,4

The lowest value of the average heart rate of begi-
nners was detected in the walk, which is the sim-
plest for the rider. We discovered that the value of 
the heart rate in the trot was 14,2% higher than in 
the walk. This difference was statistically significa-
nt (p=0,042). Similarly, the difference between the 
average heart rate in canter and walk was statisti-
cally significant (p = 0,016) and the value of the 
canter was about 20,0% higher than in the walk. 
The beginners reached in the canter only 5% of the 
average heart rate higher than in the trot, so that 
was without statistical significance of differences. 
In the group of advanced riders were significant 
differences in the value of the average heart rate 
among all courses. This value was 29,6% higher 
in the trot than in the walk, which is a significant 
difference (p = 0,000) and the canter was higher 
by 50,9% than the walk (p = 0,000). The signifi-
cant difference was also between trot and canter 

(p=0,003; 16,5%). In comparison of the average 
heart rate of both groups in each gait, the greatest 
differences were found in the walk. The advanced 
riders achieved 29,6% lower average heart rate 
than the group of beginners. This difference was 
statistically significant (p=0,002). The advanced 
riders reached 14,2% lower value of the average 
heart rate than the beginners and also this diffe-
rence was statistically significant (p = 0,021). The 
difference between the groups during the canter 
was insignificant (p = 0,317), because the advan-
ced riders reached an average heart rate only 3% 
lower than the beginners. Because we did not have 
an accurate data of the maximum heart rate of 
each rider, which would be detected by standard 
testing procedures, we only indicative the relative 
values of the average heart rate, which the respon-
dents have achieved in individual gaits. For the 
calculation of SFmax was used a formula 220 - age.

Table 2 Relative values of the average HR for beginners (%) of maximum HR

groups walk trot canter
beginners M (% SFmax) 72,2 82,0 86,4

SD 11,9 11,1 13,0
advanced M (% SFmax) 56,5 73,2 84,8

SD 8,2 9,8 7,2

In comparison of the relative load of maximum heart 
rate achieved beginners significantly higher results in 
the walk (p = 0,011). There was no significant diffe-
rence of 8,8% in the trot and in the canter were values 
very similar. For advanced riders, all differences are 
statistically significant in relative values of the aver-
age heart rate during each gait. These differences are 
small for beginners, only it is significant between the 

walk and the canter (p=0,046). The variance is also 
higher in every each gait for beginners. 

Energy expenditure
The lowest energy expenditure were logically fou-
nd in both groups during the slowest horse gait - 
walk. For beginners’ group was always found higher 
dispersion of values in all gaits.

Table 3 Average energy expenditure in both groups during all gaits

groups walk 
(kJ.min-1.kg-1)

trot
(kJ.min-1.kg-1)

canter
(kJ.min-1.kg-1)

beginners M 0,63 0,78 0,86
SD 0,2 0,2 0,3

advanced M 0,38 0,67 0,83
SD 0,07 0,17 0,22

For beginners group, the energy expenditure incre-
ased to 23,8% between walk and trot. The greatest 
difference was obtained during walk and canter, in 
which energy expenditure was higher by 36,5%. 
The energy expenditure of the canter was higher by 
10,2% than in the trot. None of these differences 
was significant.  We were found bigger differences 
of energy expenditure in the group of advanced ri-
ders between each gait than it was in the group of 
beginners. In the comparison of the trot and canter 
was measured higher energy expenditure (76,3%) 
in the trot, which is a statistically significant dif-
ference (p = 0,000). Difference between the walk 
and canter was 118% and also it was significant 
(p=0,000). Insignificant difference was found only 
between the trot and canter (p = 0,066), where was 
a higher energy consumption (23,8%) in the canter. 
The group of beginners achieved in all gaits higher 
average energy expenditure than it was in the group 
of advanced riders. The biggest difference between 
the groups was found in the walk (p = 0,003), in 
which the beginners achieved by 65,7% higher 
energy consumption than the advanced riders. We 

did not discover statistically significance between 
the groups in the other types of gait. During the 
trot had beginners about 16,4% higher expenditure 
(p = 0,142) and in the canter achieved beginners 
higher energy expenditure than the advanced ride-
rs only about 3,6% (p = 0,395).

Discussion
The relative values of the average heart rate from the 
maximum values indicate that the stress during the 
walk is on the level of the aerobic metabolism in both 
groups and the level of this stress is also sufficient for 
the improvement and maintenance. During the trot 
advanced riders are still on the level of aerobic me-
tabolism but beginners start to reach a point where 
usually begins slightly involving the anaerobic me-
tabolism, especially for less skilled riders. But the 
level of involvement of the anaerobic metabolism is 
low and the organism is still able to eliminate meta-
bolites. During the canter is already involved more 
anaerobic metabolism in both groups, but the aero-
bic method of energy supply should be dominated 
(Máček, 1997). The determined values for the ave-
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the walk. This difference was statistically significa-
nt (p=0,042). Similarly, the difference between the 
average heart rate in canter and walk was statisti-
cally significant (p = 0,016) and the value of the 
canter was about 20,0% higher than in the walk. 
The beginners reached in the canter only 5% of the 
average heart rate higher than in the trot, so that 
was without statistical significance of differences. 
In the group of advanced riders were significant 
differences in the value of the average heart rate 
among all courses. This value was 29,6% higher 
in the trot than in the walk, which is a significant 
difference (p = 0,000) and the canter was higher 
by 50,9% than the walk (p = 0,000). The signifi-
cant difference was also between trot and canter 

(p=0,003; 16,5%). In comparison of the average 
heart rate of both groups in each gait, the greatest 
differences were found in the walk. The advanced 
riders achieved 29,6% lower average heart rate 
than the group of beginners. This difference was 
statistically significant (p=0,002). The advanced 
riders reached 14,2% lower value of the average 
heart rate than the beginners and also this diffe-
rence was statistically significant (p = 0,021). The 
difference between the groups during the canter 
was insignificant (p = 0,317), because the advan-
ced riders reached an average heart rate only 3% 
lower than the beginners. Because we did not have 
an accurate data of the maximum heart rate of 
each rider, which would be detected by standard 
testing procedures, we only indicative the relative 
values of the average heart rate, which the respon-
dents have achieved in individual gaits. For the 
calculation of SFmax was used a formula 220 - age.

Table 2 Relative values of the average HR for beginners (%) of maximum HR

groups walk trot canter
beginners M (% SFmax) 72,2 82,0 86,4

SD 11,9 11,1 13,0
advanced M (% SFmax) 56,5 73,2 84,8

SD 8,2 9,8 7,2

In comparison of the relative load of maximum heart 
rate achieved beginners significantly higher results in 
the walk (p = 0,011). There was no significant diffe-
rence of 8,8% in the trot and in the canter were values 
very similar. For advanced riders, all differences are 
statistically significant in relative values of the aver-
age heart rate during each gait. These differences are 
small for beginners, only it is significant between the 

walk and the canter (p=0,046). The variance is also 
higher in every each gait for beginners. 

Energy expenditure
The lowest energy expenditure were logically fou-
nd in both groups during the slowest horse gait - 
walk. For beginners’ group was always found higher 
dispersion of values in all gaits.

Table 3 Average energy expenditure in both groups during all gaits

groups walk 
(kJ.min-1.kg-1)

trot
(kJ.min-1.kg-1)

canter
(kJ.min-1.kg-1)

beginners M 0,63 0,78 0,86
SD 0,2 0,2 0,3

advanced M 0,38 0,67 0,83
SD 0,07 0,17 0,22

For beginners group, the energy expenditure incre-
ased to 23,8% between walk and trot. The greatest 
difference was obtained during walk and canter, in 
which energy expenditure was higher by 36,5%. 
The energy expenditure of the canter was higher by 
10,2% than in the trot. None of these differences 
was significant.  We were found bigger differences 
of energy expenditure in the group of advanced ri-
ders between each gait than it was in the group of 
beginners. In the comparison of the trot and canter 
was measured higher energy expenditure (76,3%) 
in the trot, which is a statistically significant dif-
ference (p = 0,000). Difference between the walk 
and canter was 118% and also it was significant 
(p=0,000). Insignificant difference was found only 
between the trot and canter (p = 0,066), where was 
a higher energy consumption (23,8%) in the canter. 
The group of beginners achieved in all gaits higher 
average energy expenditure than it was in the group 
of advanced riders. The biggest difference between 
the groups was found in the walk (p = 0,003), in 
which the beginners achieved by 65,7% higher 
energy consumption than the advanced riders. We 

did not discover statistically significance between 
the groups in the other types of gait. During the 
trot had beginners about 16,4% higher expenditure 
(p = 0,142) and in the canter achieved beginners 
higher energy expenditure than the advanced ride-
rs only about 3,6% (p = 0,395).

Discussion
The relative values of the average heart rate from the 
maximum values indicate that the stress during the 
walk is on the level of the aerobic metabolism in both 
groups and the level of this stress is also sufficient for 
the improvement and maintenance. During the trot 
advanced riders are still on the level of aerobic me-
tabolism but beginners start to reach a point where 
usually begins slightly involving the anaerobic me-
tabolism, especially for less skilled riders. But the 
level of involvement of the anaerobic metabolism is 
low and the organism is still able to eliminate meta-
bolites. During the canter is already involved more 
anaerobic metabolism in both groups, but the aero-
bic method of energy supply should be dominated 
(Máček, 1997). The determined values for the ave-
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rage HR are similar to results of Bachmann (1968) 
(in. Melichna 1995)  or measurements of the amateur 
riders, which are stated by  Melichna (1995). Howe-
ver, the same author states significantly lower values 
for both professional women and professional men.
The average energy consumption, during the walk of 
beginners, reached 0,63 kJ.min-1.kg-1, so it is compa-
rable to walk on plain filed with speed of 6,5 km / 
h. The energy consumption of advanced riders was 
significantly higher; it reached 0,38 kJ.min-1.kg-1, so 
it is comparable to walk on plain field with speed of 
4,5 km / h. The energy consumption, during the trot 
of beginners, reached 78 kJ.min-1.kg-1 and it already 
corresponds with runnig speed of 9,5 km / h on plain 
field. For advanced people, who have reached 67 kJ.
min-1.kg-1, this means rapid walking in terrain with 
speed of 6 km / h. Energy consumption during the 
canter was similar in both groups with no significa-
nt difference (0,86 and 83 kJ.min-1.kg-1 resp.) and 
corresponded to a faster running speed of 13 - 13,5 
km / h or cross-country skiing at speed of 15 km / h 
(Bunc,Teplý, 1989, Bunc, 1996, Harris, 2012).
A significant difference between the walk and trot 
for HR and energy expenditure is evoked by an in-

crease in range of motion, in which the riders get 
from sitting position to hanging out, and therefore 
it started  very active work of their lower limbs. Du-
ring this move, the voltage increases; the body has to 
coordinate body movement with the horse and keep 
an appropriate location. Differences between a trot 
and canter are not so huge, but the speed increases, 
which affects the intensity of the rider’s load. Range 
of motion is not substantially increased, only power 
demands and dynamics of motion are greater.

Conclusion
Higher values of heart rate, for both slower horse 
gaits, reached the beginners, because of the lower 
levels of skills, techniques and higher levels of emo-
tion. In all horse gaits was achieved a sufficiently 
high stress of drivers for the development or main-
tenance of fitness, especially of aerobic endurance. 
The highest differences in heart rate and energy 
expenditure were found between walk and trot for 
both groups because of increasing range of riders’ 
motion, especially of the legs and activity of the 
body in high speed of running horse.

References
Bunc, V., & Teplý, Z. (1989). Hodnocení energetické náročnosti základních tělesných aktivit. Čas.Lék.čes.  
128, s. 1580-1583.
Bunc, V. (1996). Nové pohledy na minimální množství pohybových činností. TVSM, 62 (7), s 2 - 7.
Česká jezdecká federace (2012).  Retrieved from: http://www.cjf.cz/.
Harris, J. (2012). Energy cost of riding Retrieved from: http://www.arkagency-naha.com/naha/pdf/ener-
gy_cost.pdf.
Hermsen, K. (1998). Encyklopedie koní. Dobřejovice: Rebo. 
Hollý, K., & Horňáček, K. (2005). Hipoterapie, léčba pomocí koně. Ostrava: Montanex.  
Jokl, Z. (1977). Jezdectví a dostihový sport.: Praha: Stát. zeměď. nakl. 
Máček, M., & Máčková, J. (1997). Fyziologie tělesných cvičení.  Brno: MU. 
Melichna, J. et al. (1995). Fyziologie tělesné zátěže II. Speciální část – 2.díl. Praha: Karolinum. 
Paalman, A. (2006). Skokové ježdění. Praha: Brázda. 
Slyová, D. (2002). Obrazový průvodce jezdectví. Praktická příručka. Praha: Svojtka&Co. 
Tettenbornová, M. (1996). Škola jezdectví. Praha: Svojtka&Co. 

Author: doc. PaedDr. Pavel Korvas, CSc.; email: korvas@fsps.muni.cz


