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A BSTRACT

The purpose of this literature review is to clarify how exercise capacity can be measured in
horses and which standardized exercise tests (SETs) exist. In this review, the measurement of the
exercise capacity of horses is discussed and the standardized exercise tests (SET) are described.
Two main types of SETs are used. Laboratory or treadmill tests are easy to standardize and
provide more options to use all kinds of measuring devices, since the horse stays on the treadmill.
On the other hand, field tests are conducted under the natural conditions associated with the
specific sports discipline, and are easier to implement in the training schedule. However, field tests
encompass interfering variables, such as weather conditions, ground surface conditions and the
rider or jockey. Several variables are measured in order to calculate the fitness level which may be
expressed by different parameters, such as V200 (speed at a heart rate of 200 beats per minute),
Vla4 (speed at a blood lactic acid level of 4 mmol/L) and VO2max (maximum oxygen uptake).
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SAMENVATTING

In dit overzichtsartikel wordt beschreven hoe inspanningscapaciteit bij het sportpaard kan worden
gemeten en welke gestandaardiseerde inspanningstesten (SET) bestaan. Er worden twee types
SETs gebruikt: de gemakkelijk standaardiseerbare, lopende bandtest en de veldtesten, waarbij de
gebruikelijke omstandigheden beter nagebootst kunnen worden, maar waardoor meer variabiliteit in de
metingen ontstaat. Er worden verschillende parameters gemeten, zoals de snelheid bij een hartslag van
200 slagen/min (V200), de snelheid waarbij de bloed-lactaatgehaltes boven 4 mmol/L stijgen (Vla4)
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en de maximale zuurstofopname (VO2max).

INTRODUCTION

The increasing professionalism of different equine
sports disciplines entails that an increasing load of
training and competition is imposed upon sport horses,
both at international competition level and at the level
of a growing group of semi-professional, recreative
riders. However, in great contrast with human sports
training physiology, the training of sport horses is still
predominantly performed based upon ‘gut feeling’.
Indeed, science about training of horses in different
sports disciplines is still in its infancy compared to the
techniques that are routinely applied in the training of
elite human athletes. Fitness level evaluation of elite
human athletes is performed during controlled, stan-
dardized exercise tests that are adapted for specific
sports disciplines and during which physiological pa-
rameters are monitored, such as heart rate (HR), blood

lactic acid, respiratory parameters, maximum power
output, maximum oxygen uptake (VO2max), and in
some cases, the assessment of muscle biopsies. These
tests can be applied either in laboratoriy conditions on
either a treadmill or cycle ergometers, or outdoors in
the field, for instance using a back pack equipped with
a mobile VO2max analyzer.

Professional equine trainers use GPS equipped
heart rate monitors to continuously assess HR and
velocity (Figures 1A and 1B) throughout training.
The newest devices even indicate the grade of incli-
nation of the terrain upon which the training is per-
formed. At given time points, standardized exercise
tests can be applied; however, knowledge about these
siverse SET tests is very scattered. An important is-
sue is which type of SET applies best for which type
of sports discipline. A standardbred used for trotting
requires another type of performance capacity than
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Figures 1A and 1B. GPS equipped heart rate monitors (the two sensors are indicated with the arrows). (Left panel) and
GPS equipped watch that depicts heart rate and velocity in the horses throughout exercise.

a show jumper. Besides performance capacity, there
is also the factor skills. Show jumping and dressage
require the horse to be able to demonstrate a certain
set of skills in order to perform optimal competition.
When it comes to measuring physiological para-
meters throughout equine SETs, both HR and velocity
monitoring are very feasible. Longitudinal follow-up
of blood lactic acid levels throughout a SET is also
quite feasible, since hand-held lactic acid analyzers
are available for horses. However, when it comes to
measuring maximal power output, it is impossible
to put a horse on a Wattbike. In addition, measuring
VO2max is quite challenging: many efforts have been
made by several research groups to achieve this; how-
ever, measuring VO2max in horses under field con-
ditions retrieves lower maximum values than under
laboratory conditions (Van Erck et al., 2007). In all
these equine studies, human VO2maximum analyz-
ers were used, which have been adapted for the use
in horses. However, keeping in mind that a human
athlete in full action displaces approximately 60L of
air per minute versus a 500-kg horse approximately
1500L per minute, most probably renders sampling
methods and frequencies applied in human analyzers,
unsuitable and simply ineffective in horses (Figures
1A and 1B). However, more research is needed with
that respect.

Consequently, two important issues should be ad-
dressed when it comes to performance capacity evalu-

ation of equine athletes: (1) the inability to objectively
grade and measure important physiological parame-
ters, such as maximum power output and VO2max,
and (2) the diversity of SETs that are currently being
applied. Often, there is a lack of scientific evidence
with respect to their validation, repeatability and suit-
ability for the specific sports discipline, in which the
horse needs to perform.

There are two main types of exercise tests to assess
the aerobic and anaerobic capacity of horses: labora-
tory exercise tests (treadmill tests) and field exercise
tests. Three criteria should be taken into account when
setting up an exercise test. Validity means that the
protocol simulates the work required for the specific
sports discipline. Achieving a reasonable validity is
easier for SETs in the field than on a treadmill because
field tests better approach the real situation, in which
the horse needs to compete (Franklin et al., 2014; Al-
len et al., 2016). The second criterium is repeatability,
meaning that a specific SET should reveal similar re-
sults when executed within the short-time interval of
a few days. Standardization of a treadmill test is easier
to achieve. However, despite the influence of factors
such as the driver, track condition and weather condi-
tions (Franklin et al., 2014; Allen et al., 2016), sev-
eral studies have shown acceptable repeatability for
field SETs as well (Courouce, 1999; Dubreucq et al.,
1995). Finally, the SETs needs to show sufficient sen-
sitivity, which means that the protocol should be able
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Figure 2. HR (red) and velocity (blue) during incremental SET. Each episode represents an exercise bout (interval).

to detect small but significant changes in performance
capacity throughout time (Franklin et al., 2014; Allen
etal., 2016).

Apart from the aforementioned criteria, field tests
are also more easily introduced into the training
schedule than treadmill tests, which require transpor-
tation of the horse to a designated facility. Addition-
ally, it often takes a few days to get an unacquainted
horse familiar with running on a high-speed treadmill.

The exercise capacity of a horse is deduced from
the maximum amount of physical effort a horse can
sustain during a certain time interval. Exercise tests
can be used to compare horses, but also to follow-up
training progress of a horse over time. The exercise
capacity of a horse is currently assessed by means
of measuring series of specific physiological para-
meters, such as heart rate, blood lactic acid levels
and velocity during SETs. The most commonly used
parameters are VLa4, i.e. the speed at which the blood
lactate concentration reaches 4 mmol/L, the ‘artifi-
cially determined’ anaerobic threshold and V200, i.e.
the speed at which the heart rate reaches 200 beats
per minute. VLa4 and V200 are theoretically almost
equal in healthy, well-trained horses, although V200
is less trainable and heart rate fluctuates more easily
than lactate because of for example mental status or
physical discomfort. In a poorly performing horse
for example, where V200 is significantly lower than
VLa4, a (subclinical) musculoskeletal injury may be
suspected. A decrease in VLa4 on the other hand is
more often associated with respiratory disease. When
designing an exercise testing protocol, several impor-
tant features should be kept in mind (Hodgson et al.,
2014; Franklin et al., 2014; Courouce, 1999; Allen et
al., 2016): 1. Velocity and distances have to be con-
trolled and should be as constant as possible, includ-
ing track- and weather conditions. 2. Each step of an
(incremental) exercise test should persist long enough
to obtain steady state of the physiological parameters
(HR, Lactate): on average 3-5 minutes. 3. Due to lac-

tate efflux from muscles to blood, the lactate concen-
tration in blood varies according to the moment of
sampling. Therefore, it is important to obtain samples
at fixed moments. 4. The number of steps and the de-
gree of increment should be standardized. 5. To allow
for correct comparison of data between horses, it is
necessary to take into account the breed, age, fitness
level and training history of the horses. Studies with
French standardbreds showed an increase of VLa2,
VLa4 and V200 according to increases in age or the
training status of the horses (Leleu et al., 2005; Cou-
rouce et al., 2002).

The preferable testing protocol should be suit-
able to test the performance capacity that is needed to
compete successfully in a certain sports discipline. It
is obvious that a quarter horse that competes at barrel
races, needs more anaerobic capacity than an endur-
ance horse (Franklin et al., 2014). The different pro-
tocols can be divided in incremental protocols, which
consist of multiple steps of increasing intensity (ve-
locity) and in single-step protocols.

Incremental exercise test

The incremental exercise test is advised to obtain a
first insight into the performance capacity of a horse.
By performing the sequential incremental steps, the
horse is evaluated throughout a wide range of speeds.
Before starting with the exercise, a warming-up con-
sisting of trotting or slow cantering is required to pre-
vent injuries (Franklin et al., 2014). During the incre-
mental exercise test, every step (‘heat’) needs to be
maintained for three to five minutes, in order to obtain
a steady state in heart rate (Figure 2). Submaximal
exercise is continued until the horse reaches a pre-
set HR or blood lactate concentration to determine
e.g. V200 and Vla4. To determine maximal exer-
cise capacity, the speed is slowly increased un-
til the horse can’t maintain the speed anymore.
Maximum HR and blood lactic acid levels are
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Figure 3A. Handheld lactic acid measuring de-
vice. 3B. The relation between HR (blue curve)
and lactic acid concentration in blood (green
line) during increasing speeds (X-axis).

then determined, and give valuable information
about exercise capacity of the horse. Follow-up
of recuperation after the execution of an incremental
SET reveals essential information. Indeed, the time
interval for HR to return to values below 80 bpm and
blood lactic acid values below 4 mmol/l delivers im-
portant information. In Figure 3, a lactic acid analyz-
er is shown as well as the evolution of lactic acid in
blood with increasing speeds.

The intensity of a SET protocol can be increased
by performing the SET on a treadmill with inclination,
without increasing speed or distance. For example, a
treadmill incline of 10% is often used during exercise
testing of thoroughbred racehorses (Eto et al., 2006;
Seeherman et al., 1990). Non-thoroughbred race
horses (standardbreds) require lower speeds and a
lower treadmill incline (0-6%) (Allen et al., 2016),
because trotting requires a higher energy cost than
galloping at the same high speeds (Courouce et al.,
2000). Table 1 depicts widely used protocols. For non-
racehorses, even lunging tests (LT: 5m or 7m radius
circle lunge) or indoor ridden (RT) tests can be un-
dertaken in an incremental way as a high correlation
between HR and speed has been reported (Harris et
al., 2007). In one study, V140 was higher during a
RT than during a LT. Hence, lunging tests without a
rider were more challenging than ridden exercises at
the same speed (Harris et al., 2007).

Incremental exercise tests may be used in the
field but it is difficult to maintain a constant speed
throughout a fixed period and at the end of each in-
cremental step, a short break is needed to take samples
from the jugular vein to measure the blood lactic acid
concentration. A study by Kobayashi et al. (1999)
showed that it was possible to generate an excellent
HR-velocity relationship in the field with an incre-

—s—Heart rate (bpm) 132 148 164 177 205 217

~+— Blood lactic acid
(mmal/fL)

1.1 1.4 2.2 7.3 16.5

mental exercise test in thoroughbred horses without
the use of protocols with strict adherence to steps of a
constant speed. Commercial HR monitors and a stop-
watch every 200m to measure the velocity were used.
Trainers will adopt this technique more easily, because
it is easier to implement this test in their training sched-
ules (Kobayashi et al., 1999). The parameters derived
from submaximal incremental exercise tests (VLa4,
V200) are correlated with racing performance in both
thoroughbreds and standardbreds (see below).

Single step (high-speed) exercise test

A single step (high-speed) exercise test is used in
horses of which there is already a view on exercise
capacity. The intended speed depends on the track
length, track conditions and the training level of the
tested horses (Evans, 2000). In this way, the perfor-
mance parameters VO2max and HRmax (Allen et
al., 2016) can be calculated and the differences be-
tween poor and superior performers can be verified.
An average speed of 41.4-45 km/h is suitable for test-
ing Standardbred racehorses and a speed of 48-54
km/h for Thoroughbreds. Evans et al. (1993) showed
a correlation over 0.6 between blood lactic acid con-
centration and racing performance of Thoroughbreds
2 minutes after a treadmill exercise at 36 km/h. The
measured blood lactic acid concentrations decreased
gradually during training with a concomitant increase
of VLa4. This type of exercise tests avoids necessity
for multiple sampling and the associated breaks that
are required in incremental exercise tests in the field.

The development of a high-speed single step test
(Hodgson et al., 2014) can replace the incremental
exercise test, which does not represent racing condi-
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tions (Allen et al., 2016). Horses are subjected to an
exercise test at near maximal speeds/intensities. It is
an ideal test to determine the anaerobic capacity of
horses. However, several studies failed to demonstrate
a significant correlation between these anaerobic indi-
ces and racing performance, in contrast to the infor-
mation obtained in an incremental exercise test, e.g.
VLa4 (Evans, 2000; Hodgson et al., 2014).

OVERVIEW OF SETS FOR DIFFERENT SPORTS
DISCIPLINES

There are important differences in exercise capa-
city between horse breeds. However, it is important to
realize that each sports discipline requires its specific
set of capacities and its own stamina level. In Table
2, an overview of the different SET protocols used in
different equestrian disciplines are shown.

Thoroughbred racehorses

The racing performance of thoroughbred race-
horses depends on both their aerobic and anaerobic
capacities. Additionally, thoroughbreds have higher
V200 values than other breeds (Vermeulen et al.,
2006; Wolter et al., 1996). During incremental exer-
cise tests, a reproducible HR-speed relationship may
be determined (Munsters et al., 2014). The derived in-
dices of exercise capacity, like V200, Vla4, VHRmax
and Vmax, provide a view on exercise capacity (Ver-
meulen et al., 2006; Kobayashi et al., 1999). VO2max
and VHRmax are correlated with the racing perfor-
mance in thoroughbreds (Harkins et al., 1993; Wolter
et al., 1996). Incremental SETs are less suitable for
thoroughbred horses, because of the difficulty to
make them run at constant speeds and to control track
conditions (Courouce et al., 2013). Therefore, a sin-
gle-bout exercise test seems more suitable to assess
performance capacity in thoroughbreds. Single- step
exercise tests that take into account the variability
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Figure 4. Harness trotting during training.

of speed and that are based on the calculation of
differences between measured and predicted lactate
concentration (track specific lines of best fit), have po-
tential for fitness evaluation during field exercise tests
(Wolter et al., 1996). Superior English thorough-
breds had lower blood lactic acid concentrations after
a single-bout exercise (Evans, 2000). Some studies
state that lactic acid indices are a superior predictor
of racing ability in thoroughbred racehorses (Evans,
2000). Vla4 is very important for thoroughbreds
since anaerobic metabolism is of major importance in
thoroughbred racing.

Standardbreds: trotters and pacers

Standardbreds in France run trotting races of 2000-
4000m, while American standardbred racehorses run
races of 1 mile (1600m)(Leleuetal.,2005). In a study
in which the aerobic capacity between two groups
of standardbred horses was compared, the fastest
group showed a higher VO2max and completed
a higher number of workloads before fatigue than the
slowest group, indicating that racing performance is
mainly dependent on the aerobic capacity of standard-
breds (Evans, 2007).

Table 1. Incremental exercise tests (from Franklin and Allen, 2014).

Exercise test Incline

Time/speed

*Incremental exercise test for Thoroughbred 10%
National Hunt and flat horses > 1 mile

*High-speed test for Thoroughbred flat, 10%
sprint horses

'High-speed test for Thoroughbred flat horses  0-4%
and Standardbreds

’Incremental exercise test for Standardbreds 0-4%

1 minute at 6, 8 and 10 m/s , followed by
1 m/s increases at 1 minute intervals until fatigue

Rapidly increase to 11-12 m/s, stay at this speed until fatigue

Rapidly increase to 11-14,5 m/s, stay at this speed until fatigue

Three steps of 2-3 minutes each performed at speeds of 7, 9
and 10,5 or 11 m/s. Between each step horses recover for
1-2 minutes at walk (1,8 m/s) or trot (4,5 m/s)

*Typical exercise tests performed at the University of Bristol Equine Sports Medicine centre.
'Data from Parente et al. 1996 ; Durando et al., 2002 and Strand et al., 2012.
’Data from Richard et al. 2010 and Courouce-Malblanc et al., 2000.
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Table 2. Overview of different SET protocols per discipline.

Discipline/breed (n) Protocol Reference
(Track/Treadmill/
Riding arena)
Racing Thoroughbreds (112)  Incremental Kobayashi et al., 1999
(Track) 1000m trotting at 250m/min, then galloping at 400, 460, 550,660 m/min for 600-800m
Racing Thoroughbreds (9) 2-step Von Wittke et al., 1994
(Track) 600m/min and 80-90% max. speed for 1038m
Racing Thoroughbreds (46) Single step Davie and Evans, 2000
(Track) 1000m warm-up (slow trot), 780-960m/min (gallop, speed used in training) for 800m
Racing Thorougbhreds (8) Incremental Wolter et al., 1996
(Track) warm up, 3 x 3min: canter, gallop, faster gallop + recovery periods in between
Racing Thoroughbreds Warm-up trot + fast gallops in the field al velocities of 900-960 m/min Gramkow and Evans,
(Track) 2006
Racing Thoroughbreds (12) A fast exercise training session with max. speeds between 16.7 and 19.4 m/s. Vermeulen and Evans,
(Track) 2006
Racing Thoroughbreds (14-26) Single step Evans et al., 1993
(Treadmill: 14, Track: 26) - 600m/min on a 5° inclined treadmill.

- 800 m on the track
Racing Thoroughbreds (5) Incremental, run to fatigue Guthrie et al., 1996
(Treadmill) 450, 540, 660, 780, 870 m/min at incline 5,2%
Trotting Standardbreds Incremental Couroucé et al., 1997,
(159, 194%,/) Warm-up (10 min — 300m/min) 1999, 2002
(Track) 3 x 3min with 1 min rest in between 440 to 500 m/min (step 1) + 40

to 80 m/min. each step (age-dependent)
*followed over 6 years: 1105 SETs

Trotting Standardbreds (223)  Incremental Leleu et al., 2005
(Track) Warm-up (10 min — 350m/min)

3 x 3min + Imin rest in between

500 m/min (step 1) + 60 to 90 m/min. each step (age-dependent)

Trotting Standardbreds (19) Incremental Lindner, 2009
(Track) Warm-up (10-15 min walk, slow trot)

4 or more 5 min steps (varying from 360-660m/min) + 3min rest in-between
Trotting Standardbreds (10) Incremental Hamlin et al., 2002
(Track) 3x3min (last step chosen so HR is slightly above 200 bpm)
Trotting Standardbreds (48) Incremental Van Erck et al., 2006
(Track) 500, 583, 700 m/min over 1500m with 500m in-between
Trotting Standardbreds (15) Incremental Wolter et al., 1991
(Treadmill) no acclimatization - 10min warm up

4x3min at 90-240-420-540 m/min with a 3% slope. 2 min restin-between
Eventing Thoroughbreds (9)  Incremental Mufioz et al., 1998
(Track) warm up, 400, 500, 600 m/min for 1000m + 5 min walking inbetween
Eventing horses (17) Incremental Serrano et al., 2002
(Track) 250, 350, 450 , 600 m/min over 450m + brief periods of walking in between
Endurance and riding Incremental Sloet.Van Oldruitenborgh-
school horses (12) 1100m at HR of 140,150,160,170 bpm and HRmax. Oosterbaan et al., 1987
(Track) 8min recovery at walk after each step
Mixed breeds (12) Incremental Harris et al., 2007
(Riding arena) - Ridden test (60x40m arena):

400m walk, 600m trot, 600m medium canter, 800m fast canter (all on right rein)
- Lunging test (circle: 5 or 7m radius):
2 minutes on both left and right rein in walk, trot and canter

11 Andalusian horses, Incremental Riber et al., 1994
9 Arabian horses, 250, 333, 420, 500m/min
4 Anglo-Arabian horses
(Track)
Eventing/Showjumping/ Incremental Bitschnau et al., 2010
Dressage Warmbloods (n=29) Warm-up (30min walk, trot, brief canter),
(Treadmill — 6% incline) 2 steps at trot (210 m/min for 120s—240 m/min for 90s)
3-5 steps at gallop (360 m/min and increasing with 60m/min each step)
Endurance horses (17,38) Incremental Fraipont et al.,2011 &
(Track & Treadmill) -Track: warm up at walk/trot , canter 27km at 360m/min, 1500m at 450 2012

and 530 m/min + 700m slow trot in-between
-Tread mill: warm up (Smin walk-Smin trot), slope 4%: 3x3min canter:
450-490-540 m/min + 2 min walk in-between

Friesian horses (9) -SET A: continuous cantering: warm up at walk ,4 minutes of trot Houterman et al., 2015
(Track) at 210m/min followed by 4 minutes of canter at 300m/min

-SET B: episodes of cantering : 2 minutes of trot at210m/min, 1 min of

canter 300m/min, 1 min trot at 210m/min followed by 1 min of canter at

300m/min. 1 min of walk, 2 minutes of trot at210m/min, 1 min of canter

300m/min, 1 min trot at 210m/min followed by 1 min of canter at 300m/min
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Table 3. Overview of ideal HR to measure velocity parameters per discipline/breed.

Discipline/ breed Ideal HR to measure velocity at
Thoroughbred racing V200

Standardbreds trotting / pacing V200

Eventing V140, V170, V200

Show jumping horses V170

Dressage horses V140

Standardbreds with superior exercise capacity
have a higher Vla4 or Vla2. These are valid para-
meters to assess the fitness level of standardbreds
and their response to training (Wolter et al., 1991;
Greppi et al., 1996; Courouce, 1999; Courouce et al.,
2002). A negative correlation between Vla4 and rac-
ing time has been found (Lindner, 2009; Greppi et al.,
1996), but a similar correlation could not be found for
V200 (Lindner, 2009), which is probably due to the
fact that heart rate is more easily influenced by for
example mental state and physical discomfort and is
less trainable than lactate production (Roneus et al.,
1999). However, other authors found that both Vla4 and
V200 are correlated with racing performance (Leleu
et al., 2005). HR and blood lactic acid responses to
submaximal exercise reliably reflect the muscle, car-
diovascular and metabolic capacities (Mediane et al.,
1997) (Figure 4).

Eventing horses

During eventing, horses run distances up to 6270
m with average speeds of 34.2 km/h and up to 40
obstacles (Serrano et al., 2002; Mufioz et al., 1999).
During cross country, horses show heart rates between
170-210 bpm and maximal blood lactic acid concen-
trations between 8.5 and 38.5 mmol/L (Munsters et
al., 2014). These horses are often thoroughbreds or
thoroughbred-crossbreeds. Mostly, a 3-to-4-step in-
cremental exercise test protocol is used. An example
of a commonly used protocol is: 5-10 minutes warm-
ing-up at slow trot and 3-4 times 3 minutes steps at
speeds between 21-36 km/h (Hodgson et al., 2014).
The most valuable indices of exercise capacity for
eventing horses are V140, V170, V200, Vla4 and
heart rate reserve (HRR), which is the difference be-
tween HRmax and HR at rest after a submaximal SET
(Bitschnau et al., 2010; Munsters et al., 2013).

Show jumpers

Show jumping horses gallop aerobically at speeds
of 18-27 km/h between each jump with an average HR
of 150-190 bpm (Sloet Van Oldruitenborgh-Ooster-
baan et al., 2006). However, anaerobic pathways pro-
vide energy for the jumps, because blood lactic acid
concentrations of 9 mmol/l can be achieved (Sloet Van
Oldruitenborgh-Oosterbaan et al., 2006). Mostly, a
similar testing exercise protocol is described for show

jumping horses as for eventing horses (Hodgson et al.,
2014). However, show jumping horses don’t perform
exercise of the same length or intensity as eventers,
which often lead to a step duration reduction of three
to two minutes, which might lead to not achieving a
steady state in HR during the steps. A SET that takes
into account several jumps to evaluate technical skills
would be even more suitable (Munsters et al., 2014).
As mentioned before, V170 is a more appropriate in-
dex of performance capacity than V200 as heart rates
of 200 bpm have been rarely recorded in jumping
horses (Hodgson et al., 2014). Vla4 has not been cor-
related to show jumping results and the importance
of Vla4 in show jumpers appears to be less than for
instance in standardbred race horses.

Dressage/ riding horses

Dressage requires 4-8 minutes of technically de-
manding exercises with HRs rarely exceeding 150
bpm, which suggests the energy supply is partly aero-
bic during submaximal exercises, although individual
muscle groups intensely contract during specific
dressage movements (Williams et al., 2009). There-
fore, dressage horses also need both strength and
stamina. There is no specific exercise test to analyze
the fitness level of dressage horses.

Submaximal exercises at low canter speed are re-
commended (Munsters et al., 2014). These can range
from incremental exercise tests on the track (Harris
et al., 2007), over indoor riding tests (Munsters et al.,
2013) to lunging tests. Lunging tests do not require
a galloping track nor an experienced rider, and can
be easily implemented in a daily training program
(Harris et al., 2007). Fitness indices like V140 cor-
respond well and there is a clear correlation between
HR and speed (Harris et al., 2007). Future SETs with
theincorporation of the technical skills would be even
more representative (Munsters et al., 2014). Vla4 is
of less importance in horses in dressage sport than in
other disciplines, since these horses use almost no an-
aerobic metabolism throughout dressage and training
(Tables 2 and 3).

DISCUSSION

Proper assessment of the exercise capacity and
training response of sport horses is of major impor-
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tance for animal welfare. It is well known that when
sport horses compete at levels above their exercise ca-
pacity, sports injuries are very likely to occur. Each
discipline entails that the horse needs to master
a specific set of skills and needs to harbor a certain
degree of aerobic and/or anaerobic exercise capacity.

In addition to the fact that each sports discipline
has its own set of prerequisite performance factors,
there is also growing evidence that both horse breed
and age have an important impact on these parame-
ters. Therefore, most probably, sports discipline spe-
cific SETs that can be adapted for both breed and age
will need to be developed.

As illustrated in Table 2, many researchers have
been extrapolating results from studies focusing on
standardbreds and thoroughbreds to develop possible
protocols. However, more and more studies show that
this is not a good approach. Show jumping, eventing
and dressage are highly important equestrian disci-
plines, but up till now, very little is known about the
energy metabolism of horses performing these disci-
plines. As mentioned previously, HR and blood lactic
acid monitoring in show jumping and dressage horses
has revealed that these horses show much lower heart
rates and blood lactic acid levels during competition
than endurance horses or standardbreds used for trot-
ting. They perform predominantly in the aerobic win-
dow, with bouts of acceleration and jumping, covered
in the anaerobic window. It is quite challenging to de-
velop SETs that cover all these aspects: checking of
skills level versus optimal exercise capacity under the
necessary conditions.

In the early days, exercise performance studies
were solely executed on treadmills that ensure con-
trolled conditions and thus a high reliability. However,
treadmill studies have several disadvantages: horses
need to be transported to a facility with a high-speed
treadmill, they need to be habituated to the treadmill
in order to avoid a bias, e.g. higher HR or blood lactic
acid concentrations due to stress-induced adrenaline-
release, and extrapolation to the horses’ discipline-
specific requirements is difficult. Moreover, horses
tend to walk differently on a treadmill, which affects
energy expenditure during treadmill exercise. Addi-
tionally, horses have a different head-neck position on
a treadmill, which may influence air flow in the up-
per airways and thus in the air supply to the lungs.
Several studies have shown that caution is warranted
when extrapolating results obtained through tread-
mill exercise to field conditions (Fraipont et al., 2012;
Sloet et al., 1988; Valette et al., 1992).

With the coming of more portable measuring de-
vices, performing an exercise capacity study in the
field has become quite feasible. More and more studies
are being performed in field conditions. The advantage
is that the horse performs under realistic, natural con-
ditions, including being ridden or being mounted
in the sulky. The disadvantage is that there are many
uncontrollable factors, such as different riders/drivers
and track differences between yards, but also changes
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in weather and track conditions in the same yard over
time.

Additionally, several new monitoring devices can
be used during SETs, either per telemetric or continu-
ous measurement: telemetric body core temperature
monitoring (Green et al., 2005) and continuous glu-
cose or L-glutamate monitoring (Wiedmeyer et al.
2003, Kaimori et al., 2006; Niwa et al., 1998). Their
usefulness is still to be examined. Dynamic endo-
scopic imaging, telemetric electrocardiography, bron-
choalveolar lavage and blood analysis before and af-
ter exercise are often performed on horses showing
poor performance. However, at this moment, exercise
tests in horses are mostly limited to the monitoring of
velocity, heart rate and lactic acid concentration. For
racehorses, field tests on the track seem to be suit-
able as the goal of their training is to enhance speed
and the distance, over which this speed can be main-
tained. Despite the fact that submaximal, incremental
exercise tests seem less valid for sprinters, the param-
eters derived from these tests (VLa4 and to a lesser
extent V200) may be correlated with racing perfor-
mance. Single-step exercise tests with one bout seem
more natural, but the results of these tests may not be
correlated with racing performance. For other disci-
plines, such as show jumping or dressage, a simple
heart rate-velocity or heart rate-lactate relationship is
not sufficient. These disciplines require other skills
(coordination, jumping technique) than solely a high
aerobic/anaerobic capacity, which is also illustrated
by the rather low heart rate recorded during training
and competition.

In conclusion, because of the lacking validity of
track tests and the high variability between sport dis-
ciplines, standardized tests adapted to the specific dis-
cipline, including assessment of the horses’ technical
skills, are to be developed in the future.
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