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Background 

 

The Netherlands is one of the European countries where equestrian sport is 

primarily based on the three Olympic equine disciplines: dressage, show jumping and 

eventing. Dutch riders including Anky van Grunsven, Albert Voorn and Edward Gal 

and horses like Bonfire, Totilas and Parzival which are recognised worldwide, have 

been responsible for stimulating interest and participation in equine sporting 

disciplines. In 2011, 466,000 people were riding horseback in the Netherlands, 

whereas 211,733 people were member of  the Dutch National Equestrian Federation, 

which allowed them to participate in registered competition
1
.  

Worldwide, equestrian sport is becoming more and more professional. For both 

welfare and economic reasons, there is an increasing need and desire to understand  

the  physiological demands of sport horses. In the Netherlands through the 1980’s 

research in equine sport physiology was undertaken (Sloet, 1990), but at that time, 

the equestrian industry was not considered ‘ready’ to take advantage of the 

improvements in scientific understanding. Nowadays, in human sports performance 

analysts and sport physiologists are permanent members of top sporting teams, 

evaluating and supporting competitors in their quest for optimal performance. In the 

Netherlands, this contributed to several Olympic successes (e.g. swimming, hockey 

and ice skating). These successes have probably also stimulated the growing interest 

of Dutch equestrian sports to evaluate the performance and fitness of horses and 

riders.  

This thesis was founded on the need for more information about the workload, 

fitness and welfare of riding horses on the one hand and the vision of the Dutch 

Equestrian Centre (NHB Deurne), Moxie Sport Analysis & Coaching and the Faculty 

(Department of Equine Sciences) to instigate research on these subjects, on the other 

hand. From that point onwards all questions that came from the equine industry on 

different aspects of the equestrian sport were embedded and the results contributed 

to this thesis.  

 

Aims of this thesis 

 

To introduce the variables used to evaluate physiological and behavioural 

responses of horses in field work Chapter II gives a short overview of these 

parameters as used in earlier studies on training, behaviour and equine welfare. 

The first research question described in this thesis came from the Dutch Royal 

Friesian Horse Studbook (KFPS). The Friesian horse is a native Dutch breed that was 

originally used for draft work in farms. Nowadays, the KFPS has daughter studbooks 

in more than 30 countries and Friesian horses are mainly used as (high level) sport 

and recreational animals. The KFPS wanted to explore the relationship between 

                                                           
1
 See: www.knhs.nl  

http://www.knhs.nl/
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genetic origins and the fitness and responses to training . The results of this study are 

presented in Chapter III. 

 

The second study described was based on a question on eventing from the Dutch 

National Equestrian Federation (KNHS). Eventing is generally recognised as a 

challenging equestrian discipline for both rider and horse. Wastage in this discipline 

arising during training as well as in competition is relatively high (O’Brien et al., 2005; 

Singer et al., 2008). The question was to monitor fitness, response to training, and 

reasons for withdrawal of the complete national selection of event horses and ponies 

during preparation for the European Championships in 2010 and 2011. The results of 

this evaluation are presented in Chapter IV. 

 

The third research aspect described in the work originated from a  student 

educational project at the Dutch Equestrian Centre (NHB Deurne) in cooperation with 

the University of Applied Sciences (Van Hall Larenstein). Horses belonging to first 

year students of NHB Deurne and riding school horses from two commercial riding 

schools were monitored for nine weeks. Fitness, workload and the causes of 

temporary training breaks or premature training termination were studied. The 

results are given in Chapter V. 

 

The fourth research project was based on another student educational project at 

NHB Deurne and was performed in cooperation with Wageningen University and the 

University of Applied Sciences (Van Hall Larenstein). In the training of riding horses 

equine welfare is now an important issue. The Code of Conduct of the Fédération 

Equestre Internationale (FEI) states that at all stages during the preparation and 

training of competition horses, welfare must take precedence over all other 

demands
2
. To study equine welfare a project was designed to obtain objective 

behaviour parameters and to collect video clips of the behavioural responses of 

riding horses for the further development of an ethogram for riding horses in 2009. 

One aspect of this project, described in Chapter VI, studied the behavioural and 

physiological responses of horses to exercise, the effect of horse-rider matching and 

compliance of horses encountering challenging objects.  

 

The fifth study was based on a research question from the Dutch National 

Mounted Police and focussed on the responses of police horses to challenging 

objects in order to optimise the training and educational program of police horses. 

Individual horses may cope differently with challenging situations; some may 

respond actively, while others remain passive (Koolhaas et al., 1999; McGreevy and 

McLean, 2010). However, if a horse has to work as police horse, it has to learn to stay 

calm and remain under the rider’s control regardless of extreme external stimuli. This 

is absolutely mandatory for the safety of the public, the police officers and the horse 

                                                           
2
 See: http://www.fei.org  

http://www.fei.org/
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itself (McGreevy and McLean, 2010; Thomas, 2010). The results of this study are 

presented in Chapter VII.  

 

The sixth study was a follow-up of the fifth study and was based on the public 

demand to preserve the welfare of police horses. This study, described in Chapter 

VIII, evaluated the workload and stress of police horses during extreme work such as 

‘riot control training’ and ‘night patrols’. As part of this study the influence of the 

rider on the fear response of the horse was also evaluated.  

 

The seventh study originated from a research question of the Air France KLM 

Martinair Cargo department. Many horses are nowadays transported by air for 

breeding, competition, racing or export. Their welfare during air transport is an issue 

not only for the owners but also for the general public. Heart rate, heart rate 

variability and behavioural responses of horses flying for the first time were evaluated 

and the results are described in Chapter IX. 

 

In Chapter X a review is given of different methods to evaluate fitness of riding 

horses under field conditions including the results described in this thesis. This review 

gives up-to-date information on all aspects of fitness and workload measurements in 

riding horses under field circumstances. The interpretation of these variables is an aid 

to the understanding of fitness improvements during training. The relationship to 

performance and the prevalence of injuries is also included. 
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Introduction  

 

Warmblood sport horses are nowadays, used worldwide for breeding, sport, 

education and recreational riding. In modern society, horses face behavioural and 

physiological challenges in many areas, including housing, feeding, training, 

competitions, transport, management, type of activity and the human-horse 

relationship (McGreevy and McLean, 2010). As in other animal species, welfare has 

become increasingly important in the equestrian industry and other horse-related 

activities. Owners are increasingly aware that their horses’ welfare may influence their 

performance potential and health. 

Objective measurements of the actual welfare status of horses and critical 

evaluation of the causes of wastage may provide information leading to 

improvements in equine welfare (Sloet et al., 2010). Wastage and reasons for 

retirement have been studied extensively in Thoroughbred race horses (Bailey et al., 

1997; Jeffcott et al., 1982), but little is known about wastage and/or injuries in 

Warmblood sport horses. Regular monitoring of horses, with the help of standardised 

exercise tests using a heart rate monitor may help to evaluate fitness and response to 

training, and may also facilitate the detection of the early onset of injury (Erickson et 

al., 1987).  

Research into equine welfare has mainly focussed on how the environment affects 

the animal’s welfare (Kaneene et al., 1997; Pritchard et al., 2005), but there has been 

less work on the interaction between the horse and the rider (Warren-Smith et al., 

2007; Visser et al., 2008a), on the effects of transport (Schmidt et al., 2010a/b; Waran 

and Cuddeford, 1995) and on horses with special purposes or duties such as vaulting 

(Sloet et al., 1994) and police work (Thomas, 2010).  

To assess an athlete’s fitness for a specific ‘job’, the fitness test needs to resemble 

the requirements of this job as closely as possible (McArdle et al., 2001). Therefore, to 

make an accurate estimation of their fitness and welfare status, evaluation of 

Warmblood sport horses should be carried out under their normal working 

conditions. More and more non-invasive techniques and procedures for evaluation of 

horses under field conditions are becoming available.  

 

Heart rate of the horse 

 

Heart rate is a simple, objective and non-invasive parameter which can be 

measured before, after and during all sorts of tasks and exercises. In the early 

eighties, human heart rate monitors were adapted for use in horses (Polar Equine, 

Polar Electro, Kempele, Finland). Since then, heart rate equipment has evolved from 

analogue to digital equipment with a larger memory capacity and nowadays there 

are even monitors available which can simultaneously record heart rate and speed 

using an integrated global positioning system (GPS) (Kingston et al., 2006).  

Several studies have evaluated the reliability and accuracy of heart rate monitors 

by comparing them with simultaneous telemetric ECG measurements. The devices 
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provide a useful and reliable means of measuring heart rate, even under field 

conditions (Sloet et al., 1988; Von Borell et al., 2007).  

Heart rate represents the net outcome of the interactions between the 

parasympathetic influences (which reduce heart rate) and sympathetic influences 

(which increase heart rate) (Von Borell et al., 2007). At rest, the parasympathetic 

regulation is dominant whereas increasing physical activity is characterised by 

decreasing parasympathetic and increasing sympathetic regulation. As there is a 

linear relationship between heart rates around 140-200 beats/min and running 

speed, the velocity a horse can achieve at heart rates between 140 and 200 beats/min 

provides information about stroke volume, cardiovascular capacity and fitness 

(Clayton, 1991; Couroucé., 1999; Hinchcliff et al., 2008). Heart rate in combination 

with several calculated fitness indices can also be used as a possible predictive 

parameter for impending injuries in sport horses (Couroucé., 1999; Erickson et al., 

1987). 

It has been shown however that an increase in heart rate of healthy horses, 

without an increase in physical activity, can be used as a practical physiological 

indicator for predicting and interpreting a horse’s responses to challenging situations 

or stress (de Graaf-Roelfsema et al., 2006; Hawson et al., 2010; Sloet et al., 2006; 

Visser et al., 2008a; Von Borell et al., 2007; Von Borstel et al., 2009). Under such 

circumstances heart rate can be used as a measure for emotional reactivity (Baldock 

and Sibly, 1990; Visser et al., 2002) or the mental state of the horse. Consequently, 

many behavioural studies have incorporated heart rate measurement as a non-

invasive measurement of the animal’s psychological state.  

In this thesis, heart rate is used together with workload to objectively quantify 

fitness, responses to training and the prevalence of upcoming injuries in sport horses. 

Heart rate is also used to evaluate the horse’s psychological state during several 

stressful circumstances. 

 

Heart rate of the rider 

 

For several decades heart rate has been used in human studies and has been 

validated for use in human sports (Karvonen et al., 1984; Goodie et al., 2000).  

Athletes, coaches and scientific support staff, frequently use heart rate monitors 

during training and competitions to evaluate the athlete’s fitness. In this thesis, the 

heart rate of the rider is used to assess workload and stress of the rider when 

encountering challenging objects. 

 

Heart rate variability of the horse 

 

Heart rate is not static and variations in beat-to-beat intervals (or R-R intervals) 

occur in the normal healthy animal (Figure 1). Heart rate variability parameters 

describe and quantify these cyclical changes in heart rate. Heart rate variability 

analysis, which is a measure of the changes in the intervals between consecutive 
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heart beats, is used to assess shifts in the parasympathetic and sympathetic control 

of the cardiac output (Bernasconi et al., 1998; Bernardi et al., 2000; Marr and Bowen, 

2010; Von Borell et al., 2007). Heart rate variability seems to be a useful indicator for 

determining physiological and psychological flexibility and also for measuring the 

ability of the subject to respond to stress (Von Borell et al., 2007).  

In this thesis, two methods of analysing heart rate variability are used; time 

domain analysis and frequency domain analysis (Marr and Bowen, 2010; Von Borell et 

al., 2007). Time domain analysis is a simple robust method to quantify changes in 

heart rate since RR-intervals (in milliseconds) are plotted against time. Statistical 

analyses can be used to assess the significance of the variability in RR-intervals (Marr 

and Bowen, 2010). Several parameters can be calculated to express heart rate 

variability in the time domain. The mean RR-interval, the standard deviation of all RR-

intervals (SDNN) and the square root of the mean of the sum of the squares of 

differences between successive intervals (RMSSD). The RMSSD is undoubtedly the 

most informative time domain parameter, as this parameter estimates the high 

frequency beat to beat variations that represent parasympathetic regulatory activity 

(Von Borell et al., 2007).  

 

 

 

 

Figure 1. Heart rate and the changes in R-R intervals (measured in milliseconds) in the 

normal healthy human (Hayden Institute, Houston, USA). 

 

In frequency domain analysis, heart rate variability is plotted as the frequency at 

which the length of the RR interval changes. For the frequency domain analysis of 

heart rate variability data the fast Fourier transform (FFT) is used to calculate low 

frequency power (LF, normalized units, n.u.) and high frequency power (HF, n.u.). To 

assign the power in different bands, different underlying physiological functions can 

be addressed; the power in HF band represents parasympathetic activity, the power 

in LF band (and very low frequency VLF) is associated with sympathetic activity or 

sympathetic plus parasympathetic activity (Von Borell et al., 2007).  The LF/HF ratio is 

used to determine the sympathovagal balance. The HF power is influenced by the 



Chapter II                      

 

14 

respiratory rate of the subject, and therefore respiration rates of horses should be 

considered when determining the HF range (Bachmann et al., 2003; Marr and Bowen, 

2010; Rietmann et al., 2004a/b; Von Borell et al., 2007).  

In horses, clinical conditions such as chronic and acute laminitis have been shown 

to influence the heart rate variability; LF decreased and HF increased when horses 

with laminitis were treated with anti-inflammatory drugs (Rietmann et al., 2004b). In 

addition, correlations between heart rate variability, behaviour, stress and specific 

aspects of the horse’s temperament have been reported (Rietmann et al., 2004a; 

Visser et al., 2002). Exposure to a challenging or novel object induced an internal 

mental state which is characterised by an increase in mean heart rate and a decrease 

in SDNN and RMSSD (Visser et al., 2002) and/or decrease of HF and increase in LF 

and LF/HF ratio (Rietmann et al., 2004a; Bachmann et al., 2003). Therefore, it is 

suggested that heart rate variability may be a useful indicator for assessing 

temperament and coping strategies in horses (Visser et al., 2002; Von Borrell et al., 

2007). Heart rate variability of horses during road transport has also been evaluated; 

road transport seemed to induce stress in horses as evidenced by alterations in heart 

rate variability when compared to resting conditions (Ohmura et al., 2006, 2012 and 

Schmidt et al., 2010a/b).  

Heart rate variability in horses can be measured using several portable 

instruments for detecting and storing ECGs for later calculations of RR intervals. 

Portable ECG systems (are designed for ambulatory long-term recording of RR 

intervals (Von Borell et al., 2007), but also commercial, more affordable, monitors 

such as the Polar S810i or RS800 (Polar Electro, Kempele, Finland) claim to detect R-

peaks and store the RR intervals for later analysis. These commercially available 

monitors like the Polar device,  do not record the ECG signal itself, therefore, their 

reliability and identification of true errors is a valid general concern (Von Borell et al., 

2007). In addition, to optimise ECG recordings (and recordings with commercial heart 

rate monitors) movement artefacts have to be minimised and the duration of the 

recordings has to be long enough to obtain sufficient data for analysis (Marr and 

Bowen, 2010; Von Borell et al., 2007). In horses, not all studies have been able to 

demonstrate useful heart rate variability data (Falewee et al., 2006; Minero et al., 

2006;Visser et al., 2008b). Therefore, the value and reliability of heart rate variability 

merits further investigation in horses; especially in riding horses under field 

conditions.  

In this thesis, heart rate variability was used along with heart rate and behavioural 

observations to evaluate whether it reflects the mental state of a horse, as has been 

shown in humans, and whether it is a useful parameter to assess stress in horses 

encountering challenging situations. 

 

Heart rate variability of the rider 

 

In humans, heart rate variability has been used for four decades and the 

relationships between autonomic function and various disease states, mental status  
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and psychiatric disorders have been reported (Carney et al., 2005; Sharpley et al., 

2002; Von Borell et al., 2007). Reduced heart rate variability has been shown to be a 

significant predictor of cardiac events and other heart failure related pathologic 

conditions (Sandercock et al., 2005). Decreased heart rate variability has also been 

used as an indicator of acute and chronic stress (Delaney and Brodie, 2000). The Task 

Force of the European Society of Cardiology and The North American Society of 

Pacing and Electrophysiology have published guidelines for the measurement, and 

the physiological explanation and clinical interpretation of heart rate variability (Lewis 

et al., 2007; Taskforce, 1996). Several studies have shown that a Polar Heart Rate 

monitor can be a useful and reliable means of measuring heart rate variability in 

humans (Lewis et al., 2007; Von Borell et al., 2007). In this thesis, the heart rate 

variability of the rider was used to assess the extent of stress of riders when 

encountering challenging objects.  

 

Behaviour of the horse 

 

The way horses respond to challenging situations is, as in other animals, to a 

certain extent affected by their individual coping strategies (Koolhaas et al., 1999). To 

cope successfully with a challenging situation, an animal needs specific physical but 

also mental capabilities. In other words, it is necessary that the animal can deliver ‘the 

behavioural and physiological efforts to master the situation’ (Koolhaas et al., 1999).  

Some animals may respond pro-actively to an unknown, possibly frightening 

situation (pro-active coping style), while others passively wait for the event before 

responding (passive or reactive coping style) (Koolhaas et al., 1999; 2010). Young 

horses assessed for behavioural reactions to novel object tests showed different 

behavioural reactions, suggesting differences in individual coping styles (LeScolan et 

al., 1997; Visser et al., 2002).  

In several studies, behaviour and certain aspects of a horse’s temperament have 

been assessed quantitatively using behavioural scoring in (challenging) behavioural 

tests (Wolff et al., 1997; Visser et al., 2002), and qualitatively by using rating scores 

from assessors (experts, trainers and/or riders) (LeScolan et al., 1997; Visser et al., 

2008a; Visser et al., 2010). However, behavioural scores as means of assessing 

behavioural responses of horses when they are under the control of the rider have 

yet to be evaluated. 

There should be a harmonious communication between rider and horse during 

ridden work. If this harmony is accomplished between horse and rider, it will be 

reflected in the horse’s behaviour. This means that the horse does not show repeated 

signs of discomfort and that all responses arise from consistent signals of the least 

invasive kind (McLean and McGreevy, 2010). In practice, horse trainers seek to induce 

a harmonious cooperation between a horse and rider to conceptually establish a 

‘match’ (Visser et al. 2008a; McGreevy and McLean, 2010; Visser et al., 2010). A 

mismatch between horse and rider can be recognised when a horse shows 

behavioural signs of discomfort, such as ears backwards, head shaking and shortened 
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strides, and/or the rider may not be able to react to the horse’s behaviour; i.e. wrong 

timing and errors in the use of and response to normal riding aids / cues   (McGreevy 

and McLean 2010). The assessment of a ‘match’ or ‘mismatch’ in a  horse-rider 

combination, is the outcome of the interaction between horses’ characteristics 

including learning ability, experience, history and temperament and riders’ 

characteristics such as  training skills, knowledge and biomechanics (McGreevy and 

McLean, 2010; Visser et al., 2008a).  

In this thesis, behavioural observations were used to assess individual responses 

of horses towards challenging situations, objects and/or horse-rider interaction, and 

how these behavioural responses were related to other physiological parameters 

such as heart rate and heart rate variability. 

 

‘Behaviour’ of the rider 

 

 The ccommunication between the rider and the horse is affected by the ability of 

the rider to give the right physical signals (cues) at the appropriate time. This 

interaction is also influenced by the experiences of both rider and horse; an 

understanding of the mentality of the particular horse (Miller, 2001; Visser et al., 

2001; Visser et al., 2008a); the riding skills of the rider (McGreevy and McLean, 2010); 

and the degree of ‘match’ between horse and rider (Visser et al., 2003; 2008a; 

McGreevy and McLean, 2010). Lack of such fine-tuned communication between horse 

and rider is considered to discomfort the horse and this may be reflected in evasive 

behaviour patterns (McGreevy and McLean, 2007; McLean and McGreevy, 2010; 

Visser et al., 2008a).  Differences in the degree of horse-rider compliance have been 

reported in some studies; Manteca and Deag (1993), Thompson and von Hollen 

(1996) and Visser et al. (2008a). 

Horse–rider interaction plays an important role in the prevention of behavioural 

problems of the horse (Thompson and von Hollen, 1996). Keeling et al. (1999) 

showed that many serious human injuries during interactions with horses occur due 

to unexpected fear reactions of the horses. The fear response of a horse, which can 

originate from a single experience (McGreevy and McLean, 2010), can never be 

completely erased and may return spontaneously with little provocation (Le Doux, 

1994). Therefore, fear reactions need to be avoided at all costs during the training of 

horses (McGreevy and McLean, 2010).  

In this thesis, it was tried to assess horse-rider interaction and compliance of 

horses in a quantitative manner using measurements that were as objective as 

possible like behaviour, heart rate and heart rate variability and evaluating the 

influence of the rider’s ability to provide the right physical signals to the horse at the 

appropriate time.  

 

Plasma lactate concentration of the horse 

 

In addition to the heart rate–work (speed) relationship, the post-exercise plasma 
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lactate concentration (mmol/L) can also be used to evaluate workload (Clayton, 1991; 

Couroucé, 1999; Hinchcliff et al., 2008; Sloet et al., 1994). An increase in workload 

above the anaerobic threshold (or onset of plasma lactate accumulation at 4 mmol/L) 

reflects the workload at which a horse starts to produce energy anaerobically. 

Workload above this threshold, results in an exponential rise in tissue and plasma 

lactate concentrations, leading to the rapid onset of fatigue (Clayton, 1991). 

Measurements of lactate concentrations in both plasma and whole blood during 

and after exercise have been used to monitor fitness in the horse (Rainger et al., 

1995). Direct comparisons between plasma and whole blood lactate concentrations 

should not be made as lactate accumulates more and faster in plasma than in whole 

blood and red blood cells during exercise (Rainger et al., 1995). Plasma lactate 

concentration can be measured easily and accurately under field conditions, using a 

portable handheld plasma lactate measurement instrument (Delesalle et al., 2007; 

Sloet et al., 2008). Although, these hand held devices use whole blood samples, the 

lactate concentration is measured in plasma in the presence of the non-lysed red 

blood cells (Sloet et al., 2008). In this thesis, the plasma lactate concentrations of 

horses were measured as a means of evaluating workload and to calculate several 

fitness indices over time.  

 

Conclusion                                                                                                    

 

Several variables are available for the assessment of physiological and behavioural 

responses of riding horses and riders under field conditions. Some of these variables, 

such as heart rate and plasma lactate concentration, have been proven to be 

repeatable and reliable. Some others, such as heart rate variability and behavioural 

scoring, still have to be evaluated for reliability and usefulness in riding horses under 

the saddle under field conditions.   
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Abstract  

 

Sixty-six young Friesian horses, offspring of six different stallions underwent a 7-

week performance test. Horses were given a performance score for their ability for 

dressage (0-110 points) and were evaluated for fitness with standardized exercise 

tests (SET) at the beginning (SET-I) and the end (SET-II) of the period. Heart rate (HR; 

beats/min) was measured in both SETs, plasma lactate concentration (LA; mmol/L) 

only in SET-II.  

Fitness of horses improved moderately, but significantly between SETs I and II 

(P=0.015). There was a large heterogeneity in responsiveness to training; some horse 

were high responders whereas other were non- or low responders. There was a 

familial aggregation of HR canter-1 response to training (P=0.039); offspring of 

stallion C decreased significantly more in HR than offspring of stallions A (P=0.09), D 

(P=0.013) and F (P=0.009). Horses that were reluctant to exercise did not differ in HR 

or LA levels with horses which completed the SETs; this reluctance therefore may 

have been a sign of overreaching. Heart rate had no predictive value for the 

performance score, but horses that did not reach the anaerobic threshold in SET-II 

scored significantly better (73.8±5.6 points) than horses which did not (69.9±5.9 

points, P=0.025).  

The present study reports, for the first time in the horse, familial aggregation of 

HR response to training, which has been reported earlier in humans. This suggests a 

genetic influence on the effect of training on fitness in horses. Heart rate could not 

predict final performance score, but LA concentrations during SET-II were predictive.  
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Introduction 

 

The Friesian horse is an ancient horse breed that was originally used for draft work 

in farms, but nowadays is mainly used as a sport and recreational animal. The breed 

originates from the province of Friesland in the Netherlands where the Royal Friesian 

Horse Studbook (KFPS) is still based, but thanks to the growing popularity of the 

breed in recent years there are now daughter studbooks in more than 30 countries. 

As numbers of Friesian horses had decreased dramatically before the surge in 

popularity of the past few decades, considerable loss of genetic diversity has taken 

place in this strictly closed studbook, leading to an average inbreeding rate of 1.3% 

per generation (Ducro, 2011). This high inbreeding rate most likely has contributed to 

the high incidence of specific genetic defects in Friesian horses, such as dwarfism, 

megaoesophagus, hydrocephalus and retained placenta (Back et al. 2008; Boerma et 

al., 2011; Boerma and Sloet, 2008; Sevinga et al., 2004; Van Vliet and Back. 2006).   

In horses, several candidate genes for equine performance are under evaluation 

(Schröder et al., 2011).  Anecdotal evidence suggests that there is a wide variation in 

fitness of the Friesian horse and that this may be related to specific breeding lines. In 

humans, heterogeneity in responsiveness to training is intensively studied and is 

known to be partially genetically determined (Bouchard and Rankinen, 2001). The 

HERITAGE Family Study material has shown that there is a significant familial 

aggregation of VO2max   and heart rate (HR) response to training (Bouchard et al., 

1999; Bouchard and Rankinen, 2001) and nowadays, molecular classifications are 

used to predict gains in maximal aerobic capacity (Timmons et al., 2010).  

Fitness of Thoroughbreds, Standardbreds and Warmblood horses is commonly 

assessed with standardised exercise tests (SET) that measure heart rate (HR) and 

plasma lactate concentration (LA) (Couroucé 1999; Davie and Evans, 2000; Sloet et al., 

1987). These tests have been proven to be useful to evaluate fitness of horses, 

changes in fitness as a response to training, and to assess future performance 

potential and/or factors related to poor performance (Couroucé et al., 1997; Erickson 

et al., 1987). SETs are also used to evaluate differences between breeds of horses of 

similar age and training (Cikrytova et al., 1991) and practical field SETs performed in 

an indoor arena and lunging tests have been proven useful for assessing fitness in 

Warmblood sport horses (Harris et al., 2007; Sloet et al., 1991a , b).  

The first aim of the study was to monitor the fitness level of young Friesian horses 

during a 7-week standardised performance test using two SETs; SET-I and SET-II. 

Secondary aims were to assess whether data of either SET-I or SET-II had predictive 

value for the performance score and whether familiar aggregation of response to 

training could be detected.  
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Materials and Methods 

 

Horses 

 

In 2011, 66 Friesian horses (3 geldings, 43 mares and 20 stallions; 3.1±0.3 years 

old) were selected by the KFPS to participate in an obligatory 7-week offspring 

performance test. Horses descended from six sires: A (n=9), B (n=12), C (n=12), D 

(n=15), E (n=7) and F (n=11). Most of the selected offspring (n=64) was assembled 6-

7 weeks prior to the start of the test in order to train and educate these horses in a 

similar way, as most horses had not been broken yet. One horse received no training 

beforehand and one horse was trained for more than 3 months prior to the test by its 

owner. All horses were housed in individual stalls, had unlimited access to water and 

were fed individual diets. 

The Animal Ethics Committee of Utrecht University concluded that the proposed 

study did not need ethical approval, as it did not qualify as an animal experiment 

under Dutch law. Owner’s consent was obtained for every participating horse. 

 

Training and evaluation procedure  

 

During the performance test all horses were trained and educated at one facility 

by three experienced riders, who followed a standard training schedule; week 1 was 

an introductory week and that week 2-7 had the same programme throughout the 

entire test.  All horses were judged by the KFPS Inspection Committee (a panel of five 

judges) for two times during the test (weeks 5 and 7) and attributed a performance 

score for their ability for dressage. All horses were judged during a riding test 

according to the FEI guidelines
3
. Scores were given in half and whole points

4
 on a 

scale of 0-10
1
; for walk (2x), trot (2x), canter (2x), body posture and balance (2x), 

agility (1x), variations of the gaits (1x) and impulsion (1x)
1
 giving a total score of 0-

110 points; whereas a score >77 was considered to indicate a ‘good performer’. 

 

Standardized exercise test  

  

SETs were performed at the end of week 2 (SET-I) and at the end of week 6 (SET-

II). The SET protocol is presented in Table 1 (Munsters et al., 2012a). In week 1, horses 

were acclimatized to the accommodation and in week 7, horses were judged for their 

performance. Each horse was randomly assigned to one of the experienced riders, 

who kept riding the same horses during training and SETs. Riders were instructed to 

support the horse with consistent signals of the least invasive kind (Munsters et al., 

2012b), but with reasonable encouragement.  

 

                                                           
3
 See: www.fei.org  

4
 See: www.kfps.nl  

http://www.fei.org/
http://www.kfps.nl/
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Table 1. Protocol of standardised exercise tests (SET) carried out in an indoor arena 

(20 x 40 m) by young Friesian horses. 

 

Time table 

(min) 

Handling or exercise Description 

 

<0:00 

Before SET 

 

In handling box Fitting heart rate monitor 

Saddling the horses 

SET Indoor arena  

(20x40 m) 

 

Rider mounts the horse 

0:00-3:00 Walk 

 

 ± 2.0 m/s 

3:00-5:00 Left trot  On the left hand, ± 3.5 m/s  

 

5:00-7:00 Right trot On the right hand, ± 3.5 m/s  

 

7:00-9:00 Left canter On the left hand, ± 5.0 m/s  

 

9:00-11:00 Right canter On the right hand,± 5.0 m/s  

 

11:00-21:00 Walk 

 

Recovery; ± 2.0 m/s 

21.00 > In handling box Hear rate monitor stopped  

 

Equipment and blood sampling 

  

During both SETs horses were equipped with a HR monitor (Polar RS800, Polar 

Electro, Finland), recording HR (beats/min) at 12 Hz. The electrodes were covered by 

a soft cotton-like material and placed under the girth behind the left elbow and 

under the saddle on the left side behind the withers. To optimize contact, electrodes 

and skin were humidified before placement.  

During SET-II, blood samples were taken from the jugular vein at rest, after each 

trot and canter phase, and after 10 min of recovery. For blood sampling animals were 

slowed down and stopped briefly and blood samples were taken within 20 seconds. 

Plasma lactate concentration was measured with a portable handheld measurement 

device (Lactate Pro, Arkray, KDK Corporation, Japan) (Sloet et al., 2008). Lactate 

concentrations under 0.8 mmol/L were below the detection limit and were all set at 

0.8 mmol/L. Before SETs, and after the second canter phase, rectal temperature was 

measured. There were two reasons to discontinue the SET: 1) if lactate concentration 

rose above 6 mmol/L the horse was retired by the supervisor (‘supervisor stop’), 2) if 
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a horse was reluctant to continue despite reasonable encouragement by the rider, it 

was allowed to quit the SET (‘horse stop’).  

 

Data processing and statistical analysis 

 

Statistical evaluation included: 

 

 Performance of different stallions’ offspring: All horses (n=66) 

 Fitness improvement and possible familiar aggregation of HR response: Horses 

that participated in both SETs (n=48) 

 Predictive value of SET-I for performance: Horses that participated in SET-I (n=55) 

 Predictive value of SET-II for performance: Horses that participated in SET-II 

(n=57) 

 

Before processing, all HR data were visually checked for artefacts. HR data of the 

first canter phase were used in the analysis and in the calculation of mean HR of the 

whole SET, as all horses completed this phase. During SET II it was noted whether 

horses completed SET-II with or without reaching the anaerobic threshold (LA=4 

mmol/L).  

All data are presented as mean ± sd. A normal probability plot was used to check 

the residuals for normality. If the normality assumption did not hold, data were log 

transformed. Performance scores of offspring from different stallions were analysed 

using a one-way ANOVA with stallion as fixed effect and performance score as 

dependent variable. Chi-square tests were used to evaluate the number of good 

performers between stallions’ offspring.  

Fitness improvement from SET-I to SET-II and familiar aggregation of HR 

response, were analysed using a one-way ANOVA test with post-hoc Fisher's least 

significant difference tests, with SET and family identification (father stallions = sire) 

as fixed effects and differences between SET-I and SET-II in mean HR and HR canter-

1 as dependent variables. The relation between baseline HR (HR at SET-I) and HR 

response to training was analysed using a Spearman-rank correlation. The relation 

between HR and LA data of SET-II was evaluated using a linear model with HR 

canter-I as independent variable and family and LA canter-1 as dependent variables.  

The influence of not-completing SET-I on not-completing SET-II, and the relation 

with HR and family was analysed with a logistic regression with not-completing SET-II 

as independent variable and family (stallion), HR canter-1 and not-completing SET-I 

as dependent variables. The predictive value of mean HR and HR canter-1 of SET-I 

and/or SET-II on performance scores was analysed using student t-tests with mean 

HR and HR canter-1 as dependent variables and being a good performer or not as 

independent variable. Chi-square tests were used to evaluate the relation between 

stopping in the SETs and being a good performer. A student t-test was used to 

evaluate performance scores between horses which reached the anaerobic threshold 

or not (P<0.05). The software packages R (R: A Language and Environment for 
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Statistical Computing, Vienna, Austria 2010) and SPSS 17.0 (IBM Company, Illinois) 

were used. 

 

Results 

 

At the start of SET-I, all 66 horses were clinically healthy with a mean HR at rest of 

41±8 beats/min and a mean body temperature at rest of 37.8±0.2 ºC. One horse was 

lame in week 7 and did not receive a performance score, other reasons for missing 

data in SETs are described in Table 2.  

 

Table 2. Reasons for data exclusion of young Friesian horses (n=66) at both SETs in 

weeks 2 and 6 of the 7-week offspring evaluation test period respectively. 

 

 SET-I 

n 

SET-II 

n 

Both SETs 

n 

Horses at training centre 66 66 66 

 

Data excluded  

 

10 

 

9 

 

18* 

 Reasons        

      Lameness 0 4  

      Dental problems 0 1  

      Fever 0 1  

      Technical failure measurements 10 3  

     No final performance score 1 0  

 

Completed SET 

 

55 

 

57 

 

48 

* One horse had technical measurement failure in both SETs. 

 

Performance scores per sire 

 

Sixty-five horses were scored for performance. There were no significant 

differences between the 6 progeny groups. 

 

Fitness improvement and familiar aggregation of HR response 

 

Ambient temperature and relative humidity in SETs were comparable (14.3±0.9 ºC 

and 63.7±8.3%, and 13.7±2.1 ºC and 68.3±5.3% respectively).  Individual differences 

in the changes in HR canter-1 from SET-I to SET-II are shown in Figure 1. There was a 

significant decrease of mean HR at canter-1 (P=0.015) (Table 3). HR canter-1 at SET-I 

(baseline) was significantly and inversely related to the decrease in HR canter-1 

between SETs (R=-0.566, P<0.001): horses with an above-median baseline HR had a 

mean decrease of 12±11 beats/min; horses with baseline HR below-median showed 

no decrease (0±10 beats/min) (Figure 2). The response of HR canter-1 different 
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significantly between families (P=0.039); offspring of stallion C had a significantly 

larger decrease in HR compared to the stallions A (P=0.09), D (P=0.013) and F 

(P=0.009) (Figure 3 and supplementary Table A).  

 

Table 3. Fitness parameters of the 48 horses that completed both SETs in weeks 2 

and 6 of the 7-week offspring evaluation test period respectively.  

 

* P<0.05 indicates a significant difference with SET-I  

N.D. not determined in SET-I 

 

The LA data from SET-II show that there was a large variation in the relation 

between HR and LA values in individual horses (Figure 4), but on population level HR 

and LA of canter-1 were significantly related (regression coefficient of 4.138, 

P<0.001). However, only 25.6% of the variation in HR of SET-II was caused by LA 

(P<0.001) and there was no family influence on this relationship. 

In SET-I, 32 horses and in SET-II, 30 horses completed the test. Horses that did not 

complete SET-I had a significant 16.67 times higher chance (odds ratio = 2.813, 

P<0.001) of not completing SET-II. Not-completing SETs was not associated with HR, 

nor were there differences between the offspring of the different sires.  

 

Predictive value of SET-I for final performance score  

 

Seventeen horses quit the test because of a ‘horse stop’. Eleven horses had final 

performance classified as good (> 77 points).  HR in SET-I had no predictive value for 

the final performance score. Completing or quitting SET-I was not associated with the 

performance score.   

 

Predictive value of SET-II for final performance score  

 

Thirteen horses were classified as good performers. HR in SET-II had no predictive 

value for the final performance score. Twenty-one horses did not complete SET-II (8 

horses had a ‘supervisor stop’ and 14 a ‘horse stop’. Stopping in SET-II was not 

Parameter 

 

SET-I 

Mean ± sd 

SET-II 

Mean ± sd 

HR walk 86 ± 11 87 ± 12 

HR trot 138 ± 10 138 ± 10 

HR canter 1 177 ± 13 171 ± 12* 

Mean HR  132 ± 10 129 ± 9 

LA peak N.D 5.3 ± 2.0 

LA recovery after 10 min N.D 1.5 ± 1.1 

HR peak 192 ± 13 186 ± 11 

HR recovery after 5 min 100 ± 16 96 ± 8 

HR recovery after 10 min 90 ± 9 89 ± 8 
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associated with performance either. Seventeen horses did not reach the anaerobic 

threshold during SET-II; 26 horses reached it after canter-1 and 14 after canter-2.  

 

 
Figure 1. Heterogeneity of the training response in heart rate (HR; beats/min) of 

canter-1 for the 48 horses that participated in both SETs (mean response -6 ± 12 

beats/min). 

 

 

 

 
Figure 2a. Difference in training response in heart rate (HR; beats/min) at canter-1 

between horses that had an above-median baseline HR canter-1 at SET-I (>177 

beats/min; mean response of -12 ± 11 beats/min).  
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Figure 2b. Difference in training response in heart rate (HR; beats/min) at canter-1 

between horses that had a below baseline HR canter-1 of <177 beats/min; mean 

response 0 ± 10 beats/min) (b). 

 
Figure 3. Differences in heart rate (beats/min) at canter-1response of 48 young 

Friesian horses measured during SETs at the start and end of a 7-week performance 

test, per sire: A (n=7), B (n=8), C (n=11), D (n=8), E (n=6) and F (n=8).  

* Indicates a significant difference (P<0.05) in heart rate decrease compared to stallion C 
1
 Horse that had more than 3 months of training prior to the start of the test period. 

2
 Horse that had no training prior to the start of the test period. 
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Figure 4. Heart rate (beats/min) and plasma lactate concentration (mmol/L) of the 

first canter phase of 57 Friesian horses in the second SET.  
1
 Horse that had more than 3 months of training prior to the start of the performance test. 

2
 Horse that had no training prior to the start of the performance test. 

 

Horses that did not reach the anaerobic threshold in SET-II had a significantly 

higher performance score (n=17, mean score 73.8±5.6 points) than horses that 

reached the anaerobic threshold (n=40,  mean score 69.9±5.9 points; P=0.025). There 

was no association between horses reaching their anaerobic threshold and ‘horse 

stop’ in SET-II. 

 

Discussion 

 

The fitness level of the young Friesian horses in this study improved moderately, 

but significantly, as evidenced by the decrease in HR in canter-I. However, this was 

not reflected in mean HR of SETs. The observation is in line with those reported by 

Sloet et al. (1991a), who measured fitness changes during a 100-day performance 

test in young Warmbloods, but is less outspoken. This may be due to the shorter 

duration of the performance test in the present study and the shorter interval 

between the SETs (5 versus 10 weeks).  
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Interestingly, like in human studies (Bouchard et al., 1999; Bouchard and Rankinen, 

2001), familiar aggregation of HR response to training was shown in the Friesian 

horse. To the authors’ knowledge, this is the first time that such familiar aggregation 

is reported in a horse breed. In humans, several genes and even molecular fingerprint 

can be used to predict the response to endurance and resistance exercise training 

(Davidsen et al., 2011; Timmons et al., 2010), a similar approach might possibly be 

applied to the horse in the future.  

Genetic predisposition is one of the causes of the large variation in 

responsiveness to training. Even when factors like age, sex, physical activity level and 

previous training are controlled, variation remains high ((Davidsen et al., 2011).  As in 

humans (Bouchard and Rankinen, 2001), there were high-responders, non-  and low-

responders to training. Horses that had a baseline HR canter-1 above the median 

improved significantly more in fitness (and more horses of this group were indicated 

as high-responders) than horses with below-median values which were mostly non- 

or low-responders.  

SETs had no predictive value for the final performance score of the horses, which 

is similar to the study of Sloet et al. (1991a), where the standardized lunging tests at 

the beginning and end were not predictive for eventual approval as a breeding 

stallion. Couroucé et al. (1997) and Bitschnau et al. (2010) showed that the VLA=4 

values (velocity which results in LA concentration of 4 mmol/L) of Standardbreds and 

Warmblood horses is an important parameter in predicting performance potential.  

In the present study, it was unfortunately not possible to obtain values for VLA=4, as 

no incremental speed SET was used. However, reaching the anaerobic threshold (at 4 

mmol/L) in the SET or not, showed to have predictive value for the final performance 

score. This is basically the same, as speeds were comparable and the horses that 

reached LA=4 can thus be said to have had a lower VLA=4 than the horse that did not 

reach the threshold while being demanded a similar effort.  

Reasons for non-completion of the SET(s) were divided into ‘horse stop’ and 

‘supervisor stop’.  Interestingly, horses that had a ‘horse stop’ did not have higher HR 

or LA levels compared to horses that completed SETs. Other reasons, such as 

individual temperament, history, learning abilities and reluctance to exercise due to 

overtraining may play a role here (Golland et al., 1996; Rivero et al., 2008; Thompson 

and von Hollen, 1996; Warren-Smith and McGreevy, 2008).  The SET used in the 

present study was part of the daily training program and normal training might even 

have been more intense. During SET-II, 45.6% of the horses passed the anaerobic 

threshold after 2 minutes of canter. Therefore, for some horses daily training appears 

to have been quite intense, possibly leading to overreaching in these horses. 

Overreaching is a term used to indicate an early stage of overtraining, often 

displayed by signs as reluctance to exercise and loss of motivation (Golland et al., 

1996; Hinchcliff et al., 2008; Rivero et al., 2009).  It may hence be advisable to 

routinely evaluate HR and LA of young Friesian horses during normal training 

sessions to prevent possible overreaching. 
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Additionally, young Friesian horses had higher and HR and LA levels (HR canter-1; 

172±13, LA; 4.1±1.6 mmol/L) than Dutch Warmblood stallions of similar age, which 

were evaluated after a standardized lunging test that consisted of  4 minutes of 

canter (HR; 156±15, LA; 1.6±0.7). Young Friesian horses may therefore be overtrained 

more easily and good monitoring of regular training with help of HR/LA monitoring 

seems warranted for this reason as well.  

The authors are aware that speed of horses was not quantified and this is a 

limitation of the study. It was not possible to include speed measurements during the 

SETs using GPS, as SETs were performed in an indoor arena (Harris et al., 2007; 

Kingston et al., 2006; Sloet et al., 1991b).  To standardize speeds as much as possible, 

the very experienced riders were instructed to maintain a normal dressage speed 

during walk, trot and canter and thus to slowdown ‘faster’ horses and increase speed 

of ‘slower’ horses.  

Another limitation is that LA data were not collected during SET-I because of 

practical and financial restrictions. Therefore, LA response to training could not be 

evaluated. The fact that the familiar aggregation was shown in HR response but not 

in LA data of SET-II may be related to this.   

 

Conclusions 

 

Fitness of horses improved moderately, but significantly during the seven-week 

performance test. There was large heterogeneity in responsiveness to training; some 

horse were high-responders whereas other are non- or low-responders to training. 

The present study reports, for the first time in the horse, a familial aggregation of HR 

response to training, which has been shown in humans before. This suggests a 

genetic influence on the effect of training on fitness in horses.  

Horses that did not complete SET-I had a much higher change of not-completion 

of SET-II, but this was not related to differences in HR or LA levels. The reluctance to 

exercise may have been a sign of overreaching.  

HR data during the SETs had no predictive value for the final score for dressage 

performance, but horses that reached the anaerobic threshold in SET-II had worse 

performance scores.   
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Appendix A. Supplementary data 

 

Table A. Fitness parameters of 48 Friesian horses in the first standardized exercise 

test at the beginning of the Friesian offspring evaluation test (SET-I) and at the end 

(SET-II). Data is represented for the offspring of 6 different approved stallions as 

mean ± sd. 
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Abstract  

 

Background 

 

Eventing is generally recognised as a challenging equestrian discipline and 

wastage figures for this discipline are relatively high. There is a need for information 

that provides insight into the causes of wastage and withdrawal from competition, 

for animal welfare and economics reasons. The aim of the present investigation was 

to conduct a prospective study following the entire national selection of event horses 

and ponies in the Netherlands that prepared for the European Championship in 2010 

(ponies) and 2011 (horses), noting causes of withdrawal and monitoring fitness using 

standardised exercise tests (SETs), with heart rate (HR; beats/min), speed (V; m/s) and 

plasma lactate concentrations (LA; mmol/L) as parameters.  

 

Results 

 

In SET-I, performed at the beginning of the season, horses had a mean VLA4 (V at 

LA 4 mmol/L) of 10.3±0.4 m/s with a mean V200 (V at 200 beats/min) of 11.4±0.8 m/s 

and ponies had a mean VLA4 of 7.8±0.9 m/s and V200 of 9.6±0.7 m/s. Sixteen horses 

and six ponies were withdrawn before SET-II, six weeks before the European 

Championship. The most important reason for withdrawal was locomotor injury (9/16 

horses, 4/6 ponies; P<0.001 and P=0.011 respectively). Other reasons were 'not 

meeting the competition criteria' (4/16 horses, 2/6 ponies) and being sold (3/16 

horses). Animals were divided on the basis of VLA4 and recovery-HR during SET-I in 

good and average performers.  Average performers became significantly more 

injured (50.0%) than good performers (0%, P=0.05). In a subpopulation of ten horses, 

in which all condition training sessions were evaluated for HR and speed, HRpeak was 

significantly lower in horses that stayed sound (186±9 beats/min) compared with 

horses injured later on (201±5 beats/min; P=0.016).  

 

Conclusions 

 

45% Of the national selection was unavailable for the European Championship 

because of locomotor injuries.  Field tests were useful to assess the potential risk of 

injury, as individuals with better fitness indices (good performers) were less likely to 

get injured than average performers. Further, monitoring training sessions had 

predictive value for pending injuries, since horses that became injured later on 

showed higher peak HR during condition training than horses that stayed sound.  
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Background  

 

Eventing is generally recognised as a challenging equestrian discipline for both 

rider and horse. The European Championships  for eventing horses and ponies are 

competitions at the highest level, set by the Federation Equestrian International (FEI). 

The European Championships  are a three day event, compromising three distinct 

tests; a dressage test, a cross country test and a show jumping test. Wastage figures 

for this discipline during training as well as in competition are relatively high [1, 2]. 

Therefore, there is a need for information that provides insight into the causes of 

wastage and withdrawal from competition, for animal welfare and economics 

reasons.  

Fitness of event horses at different competition levels up to Concours Complet 

International 2-star (CCI**) has been assessed using standardised exercise tests (SET) 

measuring heart rate (HR), speed (V) and plasma lactate concentration (LA) [3, 4, 5, 6]. 

In horses, the European Championship is ranked at CCI***(3-star) level, but generally 

considered to be equal to a 4-star event [7]. To the authors’ knowledge, physiological 

parameters of event horses and ponies at European Championship level have not 

been reported yet. The cross-country phase in horses at CCI*** level comprises a 

distance of up to 6270 m with 40 jumping efforts at 570 m/min (9.5 m/s)
1
. During the 

cross-country phase, HRs of approximately 75% of the maximum HR and LA in excess 

of 4 mmol/L indicate an anaerobic work effort of horses [3, 8].  Studies of event 

horses competing at CCI*** level showed that horses achieved HRs of 171 ± 19 –207 

beats/min and LA levels of 19.1 ± 4.2 mmol/L [8, 9] or 10.2 mmol/L [10] during the 

cross-country phase. Event horses competing at CCI**** level achieved HRs of 188 ± 

11 beats/min and LA levels of 22.4 ± 11 mmol/L during the cross-country phase [7]. 

In all three studies, the HRs and LA level of individual animals achieved during the 

cross-country ranged widely and represent the individual differences in fitness, 

training level and/or maximal heart rate [7, 10, 8, 9].   

In ponies, the European Championship is ranked at CCI** level, comprising a 

cross-country phase with a distance of up to 4160 m with 30 jumping efforts at 520 

m/min (8.7 m/s)
1
. No data is available on the intensity of event competitions for 

ponies and there is in general very little information about exercise testing in ponies 

[11, 12]. 

The Code of Conduct of the FEI states that the frequency of competitions and any 

other risk factors should be examined carefully to minimise injuries 
1
. There is, thus, a 

need to closely monitor fitness, workload and injuries in event horses, as this may 

contribute to the understanding of the effects of training methods and may help in 

reducing injuries. It has been shown that several calculated fitness parameters of 

Standardbred and Warmblood horses can be used to optimise training and, hence, 

indirectly affect performance or incidence of injuries [4, 13, 14, 15].   

The aim of the present investigation was to conduct a prospective study following 

the entire national selection of event horses and ponies in the Netherlands that 

prepared for the European Championship in 2010 (ponies) and 2011 (horses), noting 
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causes of withdrawal and monitoring fitness using SETs. It was hypothesised that 

differences in fitness level of horses and ponies may contribute to the occurrence of 

injuries. Additionally, we assessed whether a field SET carried out at the start of the 

competition season had predictive value for injuries later on. Furthermore, in a 

subpopulation of horses, all condition training sessions were evaluated in relation to 

the occurrence of injuries.     

 

Methods 

 

Study design  

 

This prospective cohort study evaluates the fitness and causes for withdrawal in 

the entire national selection of event horses and event ponies in the Netherlands 

during the preparation for the European Championships in 2010-2011.  In setting up 

the study and reporting it, the STROBE guidelines were followed whenever possible.  

The cohort consisted of the entire national selection of twenty event horses and 

nine ponies in the Netherlands, preparing for the European Championship in 2010 

(ponies; at CCI** level held in Bishop Burton, UK) and 2011 (horses; at CCI*** level 

held in Luhmühlen, Germany). Fitness of each animal was evaluated using a 

standardised exercise test (SET) at the beginning of competition season (March 2010 

for the ponies and March 2011 for the horses; SET-I) and six weeks before the 

European Championships (SET-II; eleven weeks after SET-I). During this preparation 

period, causes for withdrawal were note and injuries had to be assessed by the team 

veterinarian. Furthermore, in a subpopulation of ten horses, data (HR and V) of all 

condition training sessions at home were collected. Additionally, in horses, number, 

level and date of competition were also noted.  

The Animal Ethics Committee of Utrecht University concluded that the proposed 

study did not need ethical approval, as it did not qualify as an animal experiment 

under Dutch law, but individual horse owner’s consent was obtained for all horses to 

participate in the present study. 

 

Study subjects 

 

All animals were assigned to the national selection at the beginning of the 

competition year by the Dutch National Equestrian Federation (KNHS). The animals 

were selected based on their performance during the preceding competition year. 

The animal’s performance had to meet the KNHS’s minimum eligibility requirements 

for eventing
2
; for horses, being qualified at CIC/CCI*** level with less than 80.5 points, 

and for ponies, being qualified at Novice level. Therefore, the animals involved in this 

cohort study were selected on two eligibility criteria; being assigned by the KNHS to 

the national selection and being housed in the Netherlands.  

Twenty horses (16 geldings and 4 mares) and nine ponies (5 geldings and 4 

mares) tested, had varying levels of fitness and experience. All horses and ponies, 
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were trained prior to SET-I (and during the preceding competition year) and between 

SETs for  CIC/CCI*** or CCI**** events (horses) or for Novice/CIC* or CIC** events 

(ponies); all animals were ridden by their usual rider during SETs and training 

sessions. Animals were housed in individual stables, had unlimited access to water 

and were fed with an individual diet.  

 

Equipment 

 

During SETs and condition training sessions animals were equipped with a HR-

monitor, Polar-RS800 (Polar Electro, Oulu, Finland), recording HR (beats/min) at 12 Hz 

and speed (m/s) simultaneously with an integral GPS system [16 ]. The HR device 

consisted of two soft cotton-like transmitters containing the electrodes. One 

electrode was placed under the girth behind the left elbow, and the other was placed 

under the saddle at the withers [17]. To optimise contact, electrodes and skin were 

wetted with water.  

During each SET, plasma LA (mmol/L) was measured immediately with a portable 

hand-held lactate measurement device (Lactate Pro®, Arkray, KDK Corporation) [18]. 

Samples were taken from the jugular vein at rest within 1 minute after each 

incremental step of the SET. Lactate concentrations below 0.8 mmol/L were under the 

detection limit, so these values were all set at 0.8 mmol/L.  

 

Fitness assessment 

 

To evaluate fitness level of horses and ponies, SETs were performed at the 

beginning (SET-I) of the competition season and six weeks before the European 

Championship (SET-II). During SETs, HR, V and LA were measured. Ambient 

temperature (ºC) and relative humidity (RH; %) were continuously registered with a 

weather station (Silva-ADC-pro, Silva, Sweden). In the effort to limit bias, all SETs for 

horses and ponies were performed on a racetrack of 1000 m with sand footing and 

all SETs comprised warm-up walk (4 min; 400 m) and trot (4 min; 600 m) and four 

incremental exercise steps. After each exercise step, animals were slowed down and 

walked for 5 min. After 1 min walk, horses were briefly stopped and blood samples 

were taken.  

In horses, the SET consisted of four consecutive 1000 m gallop bouts at speeds of 

approximately 6.7 m/s, 8.3 m/s, 10.0 m/s and 11.7 m/s (or at the horses’ individual 

maximal speed) [5 , 6]. After a cool-down walk of 10 minutes the last blood sample 

was taken. During the SET, riders controlled the speed using a GPS system. In ponies, 

warm-up and SET were the same as in horses and consisted of four consecutive 1000 

m gallop bouts. However, SET-I was performed on a different racetrack (2x 500 m in a 

straight line, turning at the end). Since pony riders had difficulties with riding at a 

predetermined speed, they rode at a predetermined HR of 160, 170, 180 beats/min 

and a final step at each horse’s individual maximal speed [19].  
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Withdrawal of animals 

 

Causes for withdrawal of animals before the European Championships were noted 

during the period between SET-I and SET-II. All injuries had to be assessed and 

determined by the team veterinarian. Animals were assigned to the national selection 

based on the selection criteria of the KNHS, but also had to qualify at this 

competition level during the preparation for the European Championships. If this was 

not possible, horses did not met the competition criteria necessary to participate at 

the European Championship.  

 

Conditional training sessions 

 

Conditional training sessions were chosen with the intent of evaluating exercise 

sessions used by elite event riders to prepare their horses to CIC/CCI*** or CCI**** 

events. Conditional training sessions, are the typical intense exercise sessions for 

horses being prepared for competition. In a subpopulation of ten horses (out the 

entire national selection of twenty event horses), which were randomly chosen, data 

(HR and V) of all condition training sessions at home were collected in the period 

between SET-I and SET-II. The number of conditional training sessions, frequency, 

conditional training session versus competition ratio were registered. For each horse, 

each conditional training session was evaluated for the number of training bouts per 

session, the mean duration of training bouts,  and the mean and peak HR and V of 

each training bout.  

 

Data processing  

 

After completion of the SETs, the variables ‘mean HR’ and ‘mean V’ of each 

exercise step for each horse and pony were calculated by averaging HR and V from 

the last minute of each exercise step [4, 13]. The relationship between LA and V, and 

LA and HR were determined by plotting V and HR against LA (as an exponential 

regression curve). The VLA2 (V at LA of 2 mmol/L), VLA4 (V at LA of 4 mmol/L), HRLA2 

(HR at LA of 2 mmol/L) and HRLA4 (HR at LA of 4 mmol/L) were determined by 

interpolation. The relationship between HR and V was approximated by a linear 

regression curve to determine V at a HR of 140, 170 and 200 beats/min (V140, V170, 

V200 respectively). Recovery HR after 5 minutes (HRrec5) and 10 minutes (HRrec10) after 

the last exercise step were obtained.  

According to the studies of Bitschnau et al. [4] and Couroucé et al. [13] 

Warmblood sport horses and Standardbred trotters can divided in performance 

groups based on whether the individual VLA4 and HR recovery are above or below the 

median. In the present study, event horses and ponies were according to this method 

divided in average performers (AP) or good performers (GP) depending on whether 

the individual VLA4 and HR recovery was above or below the median VLA4 and HR 

recovery values of SET-I [4, 10]. 
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Statistics  

 

All data are presented as mean ± sd. All data was checked for normality. To check 

whether or not the normality assumption was reasonable, normal probability plots of 

the residuals were made. If the normality assumption did not hold, data were log 

transformed. None of the variables used in the analysis had missing data.  

To evaluated whether data of SET-I had predictive value for having an injury later 

on, data for horses and ponies were analysed using a logistic-regression with injury 

as a dependent variable, and age, sex and horse – pony interaction as independent 

variables. In order to see which of these fixed-effects were significantly related to the 

occurrence of injuries, likelihood-ratio-tests were used. The Fisher-exact-test was 

used to analyse whether horses or ponies were significantly more injured and/or 

differently distributed between the performance groups, and whether there was a 

difference between the performance groups with respect to the occurrence of injuries 

(P < 0.05). The variables sex and age were considered to be potential confounders 

and injury was considered to be an effect modifier data of SET-I. 

To evaluate whether individual values of VLA2, VLA4, HRLA2 and HRLA4 differed 

between SETs, partial-correlations with Fisher’s z-transformation as the confidence 

interval were used. T-tests were used to evaluate weather conditions between SETs (P 

< 0.05).  

In the subpopulation of ten horses, mean and peak HR and mean and peak V data 

of condition training sessions were analysed using a general linear-model with injury 

as a fixed-effect and horse as a random-effect. Injury was considered to be an effect 

modifier data of the conditional training sessions. Chi-square tests were used to 

evaluate reasons for withdrawal of the European Championship and competitions 

data (P < 0.05). Computations were performed with R (R: A Language and 

Environment for Statistical Computing, Vienna, Austria 2010) and SPSS 17.0 (IBM 

Company, Illinois). 

 

Results 

 

The initial level and competition programme of the twenty event horses (12.1 ± 

2.4 years) and nine event ponies (10.9 ± 2.9 years) in the preparation for the 

European Championships are described in Table 1. For the evaluation of SET-I, some 

horses were not included in the final statistical evaluation because of incomplete data 

of SET-I (n=3).  

 

Reasons for withdrawal 

 

Sixteen horses and six ponies were finally withdrawn before SET-II and the 

European Championships. The most important reason for withdrawal was locomotor 

injury: 56.3% of horses (P < 0.001) and 66.7% of ponies (P=0.011) (Table 2). Horses 
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and ponies did not differ significantly in the occurrence of injuries (odds ratio = 

1.445,  P = 0.692), and injuries in horses and ponies were not influenced by age or 

sex. However, horses and ponies differed significantly in the effect of age on the 

occurrence of injuries (P = 0.007); in horses, the odds ratio for injury increased by 

1.873 for each year of age increase. In ponies, the odds ratio for injury decreased by 

1.99 for each year of age increase.  

 

Fitness assessment 

 

Weather conditions were similar during the SET-I tests of horses (11.9 ± 2.6ºC, 

72.1 ± 9.3%) and ponies (11.1 ± 1.3ºC, 68.7 ± 6.8%). Table 3 presents the fitness 

indices of horses (n=17) and ponies (n=9) at SET-I. Age and sex did not influence 

fitness at SET-I of either horses or ponies.  

Ambient temperatures during SET-II were significantly higher (15.5 ± 2.3ºC, P = 

0.044) than during SET-I, with relative humidity comparable (64.1 ± 2.9%). LA samples 

were not taken after the first step of SET-II because at that stage in SET-I all horses 

had shown LA below the lowest detectable concentration (0.8 mmol/l).  

 

Table 1. Competition level, frequency and training of horses and ponies part of the 

national selection. N.A.: data not available; CIC; Concours International Combiné’.  

 Horses 

n 

Ponies 

n 

Total  

n 

Total animals (n) 20 9 29 

Competition level at beginning of season  20 9 29 

    Competed at level comparable to EC  11 6 17 

    Did never before compete at a level  

    comparable to EC 

9 3 12 

    

Competitions during preparation phase    

Total number  4.0±1.8 N.A.  

        Competition per level:    

              CCI*** or CCI****  2.3±1.8    N.A.  

              CIC*** 0.9±1.1    N.A.  

              CIC** or CCI** 0.7±1.2    N.A.  

    

Number of training weeks before first competition 6.7±4.1    N.A.  

        Level of first competition:    

             CCI*** or CIC*** 52.6%    N.A.  

             CCI** or CIC** 15.8%    N.A.  

             CCI* or CIC* 31.6%    N.A.  

    

Average interval between competitions (weeks) 3.7±2.8    N.A.  

         Range  2–14    N.A.  
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Four horses and three ponies were able to participate at SET-II (see causes for 

withdrawal, Table 2). Therefore, changes in fitness indices are described for these 

horses and ponies at SET-I and SET-II (Table 4 and Figure 1 and 2). Individual values 

of VLA2 of horses and ponies between SET-I and SET-II were significantly correlated (r 

= -0.792,  95% CI  -0.976, -0.096).  

 

Fitness and injuries 

 

To determine performance groups in horses and ponies, data of SET-I was used. 

In SET-I, horse median-reference values were VLA4 of 10.3 m/s, HRrec5 of 103 beats/min 

and HRrec10 of 89 beats/min. In ponies the values were VLA4 of 8.0 m/s, HRrec5 of 113 

beats/min and HRrec10 of 104 beats/min. Based on these median-reference values, five 

event horses and one pony were indicated as good performers. Age and sex of 

horses and ponies were not different between the performance groups. Horses and 

ponies were not differently distributed between the performance groups (odds ratio 

= 0.313, P = 0.380).  

Average performers became significantly more injured (50% of average 

performers) during the season than good performers (0% of good performers, P = 

0.05). In horses, average performing horses were less likely to participate at the 

European Championship (60% good performers versus 6.7% of the average 

performers) and in ponies, one good performer and two average performing ponies 

went to the European Championship.   

 

Table 2. Fate and performance of the national selections in preparation for the 

European Championship (EC). 

 

 Horses 

n 

Ponies 

n 

Total  

n 

Total animals 20 9 29 

    Withdrawn from EC team 16 6 22 

          Injured 9 4 13 

                      Tendon injury 7 3 10 

                      Fetlock-joint injury 1 - 1 

                     Lameness (unspecified) 1 1 2 

         Did not meet EC competition criteria  4 2 6 

         Sold  3 - 3 

   Participated at EC 4 3 7 

         Finished without cross-country faults 2
a
 1

c 
3 

         Finished with cross-country faults 2
b 

0 2 

         Eliminated in cross-country 0 2
d 

2 

Final results at EC (placement and penalties) in horses: 
a
28

th
 place with 72.50 penalties and 34

th
 

place with 87.30 penalties, 
b
36

th
 place with 88.90 penalties and 44

th
 place with 107.70 penalties. 

In ponies: 
c
26

th
 place with 84.80 penalties, 

d
eliminated (fall rider and three stops).  
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Table 3. Fitness indices of event horses and ponies at SET-I at the beginning of the 

season. 

 

 Horses (n=17) 

Mean±sd
 

Ponies (n=9) 

Mean±sd 

VLA2 (m/s) 9.0±0.7 6.3±0.9 

VLA4 (m/s) 10.3±0.4 7.8±0.9 

HRLA2 (beats/min) 175±10 170±17 

HRLA4 (beats/min) 189±10 180±15 

V200 (m/s) 11.4±0.8 9.6±0.7 

V170 (m/s) 8.6±0.8 6.6±0.8 

V140 (m/s) 5.7±1.2 3.7±1.5 

LApeak (mmol/L) 7.6±2.3 13.2±3.1 

HRpeak (beats/min) 201±7 206±8 

Vpeak (m/s) 10.8±0.7 10.0±0.4 

HRrec5 (beats/min) 107±19 114±10 

HR rec10 (beats/min) 88±11 104±10 

Three horses did not participate at SET-I because of injury.  

 

Conditional training sessions  

 

From the subpopulation of ten horses that were followed during condition 

training sessions, three horses participated at the European Championship, two 

horses did not meet the competition criteria and five horses became injured. Table 5 

shows the training programme of this subpopulation and the means of the 

physiological parameters that were measured. Number, level and average interval 

between competitions were not associated with injuries. However, horses that stayed 

sound had a significantly lower HRpeak (186±12) during condition training sessions 

than horses that became injured (200±10; P<0.001), although peak and mean speed 

were comparable between these two groups (Figure 3). 

 

Discussion  

 

The present study is not based on large numbers, which is admittedly a weakness, 

but is the first study that prospectively monitors, over a prolonged period, the fate 

and performance of entire national horse and pony teams during the preparation for 

a major event, in this case the European Championship.  This unique experimental 

set-up provides insight into reasons for withdrawal, fitness and incidence of injuries 

in a cohort of event horses and ponies competing at a high level.  

An interesting observation is that 45% of the national selection of horses and 

ponies had to be withdrawn during preparation for the European Championship 

because of locomotor injury. The results of a training study in the United Kingdom  
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Figure 1.a) HR versus velocity; b) LA versus velocity of four event horses at both SETs. 

 

Fig 1a. 

Fig 1b. 
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Figure 2.a) HR versus velocity ;b) LA versus velocity of three event ponies at both 

SETs. 

 

 

Fig 2a. 

Fig 2b. 
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Table 4. Fitness of event horses and ponies at both SETs in preparation for the 

European Championships. 

 

 Horses (n=4) 

Mean ± sd 

Ponies (n=3) 

Mean ± sd 

 SET-I SET-II SET-I SET-II 

VLA2 (m/s) 8.8±1.1 9.3±0.8 6.1±0.7 7.7±0.4 

VLA4 (m/s) 10.3±0.5 10.3±0.4 7.8 ±0.3 8.3±0.3 

HRLA2 (beats/min) 175±10 172±5 167±21 164±0 

HRLA4 (beats/min) 190±10 184±10 179±16 173±5 

V200 (m/s) 11.6±1.3 11.7±1.3 9.1±0.7 10.1±0.7 

V170 (m/s) 8.3±0.4 8.5±0.4 6.3±0.7 7.7±0.9 

V140 (m/s) 5.0±0.7 6.2±0.2 3.9±1.0 5.4±1.1 

LApeak (mmol/L) 7.4±1.8 6.4±1.6 13.0±1.7 16.7±3.2 

HRpeak (beats/min) 202±4 196±13 212±4 201±8 

Vpeak (m/s) 10.6±0.6 11.5±0.6 9.8±0.5 10.9±0.7 

HR rec5 (beats/min) 95±7 96±13 103±5 123±39 

HR rec10 (beats/min) 86±8 83±17 99±12 98±13 

 

Table 5. Condition training of event horses from the national selection in preparation 

for the European Championship.  

 

 

 

 

shows that 21% of horses which were intended to compete in a CCI did not start due 

to an injury [2]. Additionally, in another study performed in the United Kingdom, 

wastage in event horses was evaluated and showed that 35.1% of evaluated event 

horses (n=2138) were not re-registered the next year because of veterinary problems 

[1]. These figure from literature are somewhat lower than data found in the present 

study, but still in the same order of magnitude. The higher percentage of injuries in 

Conditional training sessions in event horses (n=10) Mean ± sd 

Number of condition training sessions  

       Range  

62 

3-14 

       Number of training weeks       

      Training frequency (every ….days) 

12.2±6.6  

6.2±2.0 

      Training / competition ratio 2.7±2.2 

        

Condition training sessions  

       Number of training bouts 2.5±1.3 

       Duration training bout (min) 5.9±1.5 

       Mean heart rate  training bout (beats/min) 165±7 

       Mean speed training bout (m/s) 7.1±2.6 

       Maximum heart rate training bout (beats/min) 193±11 

       Maximum speed training bout (m/s) 10.3±3.8 
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the current study may simply be due to lower numbers and random variation, but 

may also be related to the fact that all animals competed at the top level, which 

might make them more prone to injuries. There is urgent need of similar information 

concerning event animals in other countries to establish whether the high wastage 

percentages are universal or not, and to better understand the effects of training 

methods, in order to reduce injury incidence.  

In any equestrian discipline,  horses must have the correct psychological state and 

be in top physical fitness to achieve optimal performance levels and riders consider 

both factors as important to attain success [20, 21]. However, the relationship 

between a horse and its rider may also contribute to the occurrence of injuries [22, 

23].  As the present study evaluated the physical fitness of horses and ponies, it 

would be interesting to include in future research, also the horse-rider interaction. 

When comparing fitness levels of the event horses and ponies in the present 

study with literature data (using similar SET protocols, but keeping in mind the 

restrictions of field exercise testing), horses from the current study performed better 

(VLA4=10.3±0.4; HR4=189±10; V200=11.4±0.8) and, therefore, had a higher level of 

fitness than Spanish three-day event horses that had undergone minimal training 

(VLA4=8.3±0.5; HR4=163±3; [6]), Belgian event horses competing at national level 

(VLA4=9.2; [3], VLA4=8.6±0.2; V200=10.8±0.3; [5]), or Swiss event horses up to CCI** 

level (VLA4=8.5±0.9; HR4=185±10; V200=9.6±0.8; [4]). To the authors' knowledge there 

is no information available on event ponies, but ponies from the current study had 

slightly higher VLA4 values (7.8±0.9) than research ponies after a moderate or 

strenuous training period (7.2±1.2; [12]). Differences between horses and ponies can 

be explained by their different ventilatory responses to exercise [24, 25] and/or their 

dissimilar metabolic demands at competition.  

Two horses and eight ponies had VLA4 values below the average speed demanded 

at the level of the European Championships. These animals should be considered 

unfit to compete at European Championship level, as an increase in workload above 

the anaerobic threshold results in an exponential rise in LA, leading to rapid onset of 

fatigue [26]. This phenomenon was also signalled by Amory et al. [3] in their study, 

and by Serrano et al. [27], who concluded that if animals are less fit, their 

performance with be compromised, and the risk of non-completion injury will be 

increased. In the present study, equine athletes with better performance parameters 

were less likely to get injured than average performers. The field test used in the 

present study had predictive value for injuries in event horses and ponies, and, thus, 

may help to assess risk factors and minimise injuries in the future. 

As event horses get older the odds of injury increase, which is in accordance with 

data found in race horses and British dressage horses [28, 29]. It is suggested that 

accumulated micro-damage or degenerative changes associated with age and 

increasing training and/or competition level may predispose to injury. However, an 

opposite relation was found in ponies. The reason for this is not entirely clear. It may 

be related to the low number of ponies in the present study, but there is also a 

possibility that young event ponies are more easily over-trained/injured than young  
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Figure 3.a) HR and b) velocity of training sessions of sound and later on injured event 

horses  

 

event horses because most pony riders have less experience. This topic needs further 

investigation. 

Recovery HR and VLA4 have shown to be good indicators of fitness and 

performance [4, 14, 30]. However, in the literature several methods (with cut-off 

values unreported or differing per study) have been used to discriminate between 

good performers and average performers. In the study of Bitschnau et al. [4], event 

horses were assigned to performers groups based on the median of VLA4 values, 

therefore this method was used in the present study. It would be easier if, in the 

future, similar methods and cut-off values were used to separate average performing 

and good performing event horses.   
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There was a slight, though not significant, increase in performance from SET-I to 

SET-II despite the small increase in ambient temperature in the present study, which 

was more pronounced in the ponies. It lies at hand to presume that fitness had 

improved in this group, but the effect may also be due to the use of a different race 

track in SET-I [14].  

Horses of the subpopulation were trained at a much lower speed than required 

during the competition. Similar observations were made by Serrano et al. [27] and 

Baumann et al. [31]. An explanation may be that riders believe that (heavy) condition 

training increases the risk of injuries. However, insufficiently trained horses may not 

be physiologically adapted to the high demands of competition [27]. In addition, HR 

measured during condition training showed to have predictive value for pending 

injuries, which is an interesting observation that, to the knowledge of the authors, has 

not been described earlier, but also needs confirmation in a larger population. It is 

anyhow clear that, to prevent injuries in event horses and ponies, riders should have 

a profound understanding of training principles.  

 

Conclusions 

 

There was a high wastage percentage in the Dutch national selections of event 

horses and ponies training for a major event. Most animals were withdrawn from the 

competition because of locomotor injuries.  

To prevent injuries, it is important that event horses and ponies are sufficiently fit 

to accommodate the physiological demands necessary for high-level competition. 

This study gives preliminary evidence (that still needs confirmation in larger 

populations) that careful monitoring of the horses may assist in realising this goal.  

Field tests were useful to assess the potential risk of injury, as individuals with 

better fitness indices (good performers) were less likely to get injured than average 

performers. Further, monitoring training sessions had predictive value for pending 

injuries, since horses that became injured later on showed higher peak HR during 

condition training than horses that stayed sound.  

 

Competing interests 

 

This research was partly supported by a grant of the Dutch National Equestrian 

Federation (KNHS). No conflicts of interest have been declared.  

 

Authors’ contributions 

 

CM designed and carried out the cohort study and drafted the manuscript. JB has 

contributed to the design of the study, analysis and interpretation of the data and 

revised the manuscript, EW has contributed to the acquisition of the data and 

revision of the manuscript. RW helped in designing the study, interpretation of the 

data and critically revised the manuscript. MS participated in the design of the 



Chapter V                                                         

 

62 

manuscript, the interpretation of the data, helped to draft the manuscript and 

critically revised the manuscript. All authors read and approved the final manuscript. 

 

Acknowledgements  

 

The authors would like to thank the owners, riders and the KNHS for their 

collaboration. We are very grateful for the support of Mr. Martin Lips, Mr. Cees van 

Beckhoven and team vet Arie Hoogendoorn (DVM) for their assistance during the 

experimental work. 

 

Endnotes 

 
1 
See :http://www.fei.org/
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Abstract 

 

Little is known about wastage in riding horses and the factors like fitness and 

workload that may reduce injuries and maximise welfare. To evaluate fitness, 

workload and reasons for premature training ends (PTEs) and temporary training 

breaks (TTBs) during a nine week training period, two groups of riding horses were 

used: Group A consisting of 58 horses used for student equitation courses (32 with 

training prior to admission and 26 without) and Group B consisting of 26 horses 

owned by two riding schools (school-I and school-II). To assess fitness, all horses 

performed a standardised exercise test (SET) at the start (SET-I) and end of the 

training period (SET-II) measuring heart rate (HR bpm) and speed (m/s). In addition, 

all horses were monitored daily during the training period for their health and 

workload.  

In Group A, trained horses had significantly lower HRs in SET-I (P = 0.05) com-

pared to untrained horses and in SET-II, trained horses tended to have lower HRs 

than untrained horses, though this was not statistically significant (P = 0.057). During 

the training period all horses received an identical workload. A total of 19.0% of 

Group A horses ended the training period prematurely for veterinary reasons (PTEV); 

of those untrained horses had earlier a PTEV in the training period (after 2.8 ± 1.3 

weeks) than trained horses (after 4.1 ± 1.5 weeks, P = 0.030).  

In Group B, school-I and school-II horses did not differ significantly in fitness level 

nor in workload. More school-II horses ended the training period prematurely for 

veterinary reasons (n = 7; 70%) compared to school-I horses (n = 4; 25%, P = 0.032), 

although seven (63.6%) of these horses were still continuously used in riding lessons. 

In both groups (A and B), small injuries (without a temporary training break) were 

significantly associated with premature training ends for veterinary reasons later on: 

in Group A small injuries preceded 27.3% of the PTEVs (P = 0.005) and in Group B 

small injuries preceded 54.5% of the PTEVs (P = 0.030).  

In conclusion, as all horses in each subgroup had the same workload, the 

occurrence of PTEV seemed not associated with the workload. In Group A horses, 

level of fitness seems to be an important factor for the point in time injuries will 

occur during the training period. In all horses, injuries were more likely when a 

temporary training break was not taken following seemingly minor injuries. Since a 

lot of injured Group B horses were used in riding lessons against veterinary advice, 

this may indicate that riding school owners have different perception on welfare and 

if true this may cause serious welfare problems. 
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Introduction 

 

Objective measurements of the actual welfare status of horses and critical 

evaluation of the causes of wastage may provide tools and clues to improve equine 

welfare (Sloet van Oldruitenborgh-Oosterbaan et al., 2010). Wastage and reasons for 

retirement in Thoroughbred horses have been studied extensively (Bailey et al., 1997; 

Jeffcott et al., 1982). Data for sport horses is less abundant, but recently Sloet van 

Oldruitenborgh-Oosterbaan et al. (2010) showed that veterinary reasons caused 

21.8% of the career breaks and 23.9% of the (precocious) termination of careers in 

Dutch sport horses. In that study, the causes of career end were comparable with 

those found in race horses. Parkin (2008) reported that race horse injury rates were 

inversely correlated with race distance and Cohen et al. (1997) found that the risk of 

injury could be mitigated by pre-race veterinary inspections.  

Little is known about wastage and/or injuries in Warmblood sport horses, or their 

relationship to training or management factors that could potentially be modified to 

decrease the risk of injury (Riggs, 2010). Murray et al. (2010) showed that a high 

number of training sessions per week and a low level of training for specific 

movements were associated with increased likelihood of injury in British dressage 

horses. Regular monitoring with help of standardised exercise tests (SET) using a 

heart rate monitor may help to evaluate fitness and responses to training and may 

detect early onset of injury (Erickson et al., 1987). Field SETs are commonly used for 

Thoroughbreds and have also been described for Warmbloods (Sloet van 

Oldruitenborgh-Oosterbaan et al., 1987) and practical field SETs performed in an 

indoor arena have also been proven useful for assessing fitness in Warmblood sport 

horses (Harris et al., 2007).  

Databases and/or questionnaires have provided the mainstay of investigations 

into wastage of horses, but these carry inherent data unreliability (Nieuwehuijsen, 

2005). Individual daily health monitoring provides more accurate information (Riggs, 

2010).  

The aim of the study was to evaluate fitness, workload and reasons for premature 

training ends (PTEs) and temporary training breaks (TTBs) in two separate groups of 

riding horses during a training period of nine weeks. It was hypothesised that 

differences in fitness and workload of horses did contribute to the occurrence of 

premature training endings. Additionally, we assessed whether a field SET carried out 

at the start of the training period has predictive value for premature training ends for 

veterinary reasons (PTEV) later on. 

 

Materials and Methods 

 

Study design  

 

This prospective cohort study evaluates the fitness, workloads and the reasons for 

premature training ends and temporary training breaks in two separate groups of 
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riding horses (Group A and Group B) in the Netherlands during a training period of 

nine weeks in 2009–2010. In setting up the study and reporting it, the STROBE 

guidelines were followed whenever possible. Since a linear mixed effect model was 

used in the present study, power calculations are difficult or impossible; this can only 

be done by simulations. In addition, an impression of the effects and influence of the 

confounders had to be to be known on forehand. The same holds for the residual 

variance and the variance between horses. Authors were restricted to the eligibility 

criteria, whereas riding schools willing to participate in the study. Therefore, the 

general rule was taken to justify the sample size; five horses per effect, with nine 

effects and eight test effects, 85 horses were needed in total. Although, authors tried 

to get as many riding schools as possible to participate in the present study, finally 

84 horses were included (their owner was willing to participate in the study).  

 

Setting  

 

Participants of the present study consisted of 58 privately owned horses (Group A) 

used for group equitation at a single riding school, subdivided in 26 untrained and 32 

trained horses based on their fitness level at the start of the training period and 26 

riding school horses (Group B) used for commercial riding school lessons at two 

riding schools (16 horses of school-I and 10 horses of school-II). Each horse was 

evaluated for its fitness and health at the beginning and end of the training period by 

the same person (first author) and monitored daily for their workload and health by 

the horse’s handler. Data were collected during a nine week training period; for the 

untrained Group A horses during October–December 2009, for the trained Group A 

horses during February–April 2010 and data for all Group B horses were collected 

from March to May 2010. The unit of observation in this study was (sub)groups. All 

factors hypothesised as associated with PTE at the beginning of the study (wide 

range of health and workload factors) were included in the analysis.  

The Animal Ethics Committee of Utrecht University concluded that the proposed 

study did not need ethical approval, as it did not qualify as an animal experiment 

under Dutch law, but individual horse owner’s consent was obtained for all horses to 

participate in the present study.  

 

Study subjects  

 

The horses involved in this cohort study were selected in 2009 based on three 

eligibility criteria; the willingness of the riding schools to participate in the study, 

owners of Group A horses were first year students at the Dutch Equestrian Vocational 

Education Centre started in September 2009 and lastly, in Group B the horses had 

have been working consistently as a riding school horse for over 1-year.  
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Group A horses  

 

Group A consisted of 58 privately owned horses used for the first year of student 

equitation courses (level 3 instructor) of the Dutch Equestrian Vocational Education 

Centre. The history of horses three months prior to the start of the study was 

established from owner descriptions. Horses had different training levels at the 

beginning of the study: 26 horses without training (less than 2 h/week recreational 

riding) were classified as ‘untrained horses’ (13 geldings and 13 mares). Thirty-two 

horses (21 geldings and 11 mares) with a training history of 1–2 h/day for 5 

days/week were classified as ‘trained horses’. All horses walked once a day for half an 

hour at the horse walker. All horses were housed in individual stalls, had unlimited 

access to water and were fed with an individual diet.  

During the training period, a strictly controlled exercise regimen was defined by 

the school management and therefore all individual horses were subjected to an 

identical exercise regimen. This involved defined work for 1–2 lesson sessions per day 

for 5 days/week in groups of 8–10 horses. On the other two days horses were only 

walked once a day for half an hour in the horse walker. In order to standardise the 

intensity and structure of training sessions as much as possible all horses were 

trained by the same instructor maintaining the training sessions the same for all 

horses.  

 

The exercise regime consisted of:  

 

-   Monday and Wednesday 1 h of basic dressage training.  

-   Tuesday and Thursday 1 h of basic dressage training and 1 h of basic show 

     jumping. 

-    Friday 1 h of basic outdoor track riding.  

 

This regimen was maintained throughout the entire study.  

 

Group B horses  

 

Group B consisted of 26 riding school horses; 16 horses from commercial riding 

school-I (12 geldings and 4 mares; all stabled in a ‘HIT active stable, (horses were 

stabled in groups, with outside free exercise at pastures; HIT Hinrichs Innovation + 

Technik, Germany) and ten horses from commercial riding school-II (8 geldings and 2 

mares; individually stabled and during the day free exercise at pastures). All horses 

participating in the study had been working consistently as a riding school horse for 

over 1- year. They had unlimited access to water and were fed with individual diets.  

Group B horses were exercised in response to daily commercial demand. The 

average exercise regimen consisted of riding lesson work for 2 h/day during 6 

days/week. How-ever, due to low riding skills of the beginning riders, the structure 

and intensity of each riding lesson were comparable with all other riding lessons.  
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Equipment  

 

To assess fitness and workload intensity all horses were equipped with a heart 

rate monitor including a global positioning system (Polar-RS800, Polar Electro Oy, 

Kempele, Finland) with soft electrodes. One electrode was placed under the girth 

behind the left elbow; the other was placed under the saddle at the left side of the 

withers. To optimise contact, electrodes and skin were wetted with water. Heart rate 

(HR; beats/min) and speed (m/s) were recorded simultaneously (Kingston et al., 2006) 

at 1-s intervals. 

 

Fitness assessment  

 

SETs in both groups of horses were performed at the beginning (SET-I) and end 

(SET-II) of the nine week training period. SETs were not compared between the 

groups as fitness, workload and injuries were evaluated per group and not as one. 

Different SETs were conducted for group A (Table 1) and for group B (Table 2) 

because the riders of Group B horses were not able to perform a SET on a gallop 

track or in an outdoor arena.  

Group A horses performed SETs in groups of six at a gallop track (including one 

experienced rider who rode each test making use of a global positioning system to 

maintain constant speed during the tests to limit speed bias). Group B horses 

performed SETs in groups of 5–8 horses in an indoor arena under the supervision of 

an instructor.  

After completion of the SETs, the variables ‘mean HR’, ‘mean HR of subparts’ 

(Tables 1 and 2) and ‘mean speed’ of each horse for each SET were calculated.  

 

Table 1. Set-up of standardised exercise tests (SETs) at a gallop track of 676 m for 58 

privately owned horses (Group A) in the Netherlands used for group equitation at a 

single riding school followed for 9 weeks in 2009–2010 for occurrence of premature 

training ends for veterinary reasons. 

 

Time table Exercise Description 

2 laps Walk At 2.0 m/s 

1 lap Left trot  On the left hand at 3.5 m/s  

1 lap Right trot On the right hand at 3.5 m/s  

1 lap Left canter On the left hand at 5.0 m/s  

1 lap Right canter On the right hand at 5.0 m/s  

10 times Trotting up hill A small hill (9º slope,  

length=40 m) at 3.5 m/s 

2 laps Fast right canter  At 6.5 m/s  

10 minutes Walk Recovery; at 2.0 m/s 
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Table 2. Set-up of standardised exercise tests (SET) at an indoor arena (20 m× 40 m) 

for 26 riding school horses (Group B) in the Netherlands used for commercial riding 

school lessons at two riding schools (school-I and school-II) followed for 9 weeks in 

2010 for occurrence of premature training ends for veterinary reasons. 

 

Time table Exercise Description 

0:00-3:00 Walk At 2.0 m/s 

3:00-5:00 Left trot  On the left hand at 3.5 m/s  

5:00-7:00 Right trot On the right hand at 3.5 m/s  

7:00-9:00 Left canter On the left hand at 5.0 m/s  

9:00-11:00 Right canter On the right hand at 5.0 m/s  

11:00-16:00 Walk Recovery; at 2.0 m/s 

 

Workload assessment  

 

The exercise regimen (frequency and duration) was recorded daily by each rider. 

The day sheet also recorded whether and why a horse did not work on a particular 

day. The variables average ‘daily exercise frequency’ and ‘weekly exercise frequency’ 

and ‘duration’ (minutes per week) were calculated. The intensity of training sessions 

was quantified by measuring the heart rate and calculating the ‘relative work-load’ of 

these sessions (Dekker et al., 2007). The variable ‘relative workload’ was calculated by 

dividing average heart rate per training session by the maximum heart rate; the 

maximum heart rate was estimated by subtracting the horse’s age from 220 (Dekker 

et al., 2007). 

For practical reasons, not enough heart rate equipment was available to measure 

all horses each day for each training session for nine weeks. Therefore an estimation 

of the exercise intensity was made. Since the weekly training regime in Group A 

horses was constant for nine weeks, 20 randomly selected Group A horses (10 

untrained and 10 trained horses) were evaluated during each training session of one 

week to estimate the training intensity for Group A horses. Since the structure of 

each commercial riding lesson was always quite comparable in Group B horses, the 

training intensity of these horses was estimated by evaluating all horses during two 

separate riding lesson during the training period. To compare and relate workload to 

the onset of injuries, workload has to be quantified (Rogers et al., 2007). To calculate 

a cumulative workload index, also frequency and duration should also be included 

(Firth et al., 2004; Harris et al., 2007; Rogers and Firth, 2004; Rogers et al., 2007). 

Therefore, the continuous variable ‘cumulative workload index per week’ was derived 

for the present study; intensity (relative workload) × frequency/week × duration.  

 

Health assessment  

 

All horses (Groups A and B) were daily observed by their own handler which was 

obligated to fill out a daily health protocol (Supplementary Table A). The same 
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protocol was used at the beginning and the end of the training period for clinically 

exanimation of all horses by the same person (first author) which additionally 

measured the following continuous variables; ‘heart rate at rest’ (beats/min), ‘rectal 

body temperature at rest’ (◦C; digital thermometer, Vetin Aacofarma, The 

Netherlands) ‘respiratory rate at rest’ (breaths/minute) and ‘body weight’ (kg; Group 

A horses by weighbridge, Welvaart’s Weegtechniek, The Netherlands and Group B 

horses by weight tape, Pavo, The Netherlands). All handlers (for Group A; 58 first year 

equitation students and for Group B, 4 stable managers and 8 third year equitation 

students) were trained by the first author in practical lessons using the health form 

and evaluating different horses in order to make their evaluations comparable and to 

limit bias as much as possible. In addition, it was a part of the school programme that 

all students were trained to use these forms accurately. The health observation 

consisted of general inspection of each horse and a visual examination for swellings, 

cuts or abrasions and were registered at horse’s day sheet. The handlers were 

obliged to seek veterinary advice for any complaint that was more than mild, or was 

not improving after two days (Firth et al., 2004). A small swelling or scratch on the 

horse which did not cause any constraints for the horse (not lame or showing signs 

of pain) was considered to be a mild complaint. All detected premature training ends 

(PTE) and temporary training breaks (TTB) were examined and determined by a 

veterinarian.  

After the training period for all health records were analysed to assess reasons 

PTE and TTB (Sloet van Oldruitenborgh-Oosterbaan et al., 2010). A horse was con-

sidered to have a PTE when it was not capable of ridden work for the rest of the 

training period or longer. A TTB was defined as a horse not being capable of ridden 

work for at least five days, but returning to training within two weeks. Data for PTE 

and TTB were defined as binary variables (having a PTE/TTB during the training 

period or not). The type of PTE and TTB were defined as categorical variables.  

 

Statistics  

 

All data are given as mean ± sd. All data was checked for normality. To check 

whether or not the normality assumption was reasonable, normal probability plots of 

the residuals were made. If the normality assumption did not hold, the data were log 

transformed. None of the variables used in the analysis had missing data.  

HR data of SET-I and SET-II (continuous variables; mean HR and HR of all 

subparts) were analysed separately for Group A and Group B horses using linear 

mixed effect models. To evaluated whether HR data of SET-I (mean HR and HR of 

subparts of SET-I) had predictive value for having a PTEV later on, data of both 

groups were analysed using linear mixed effect models with horse as a random effect 

and subgroup (in Group A; trained/untrained and in Group B; school-I/II), subparts of 

SET-I, PTEV (PTEV or not), heart rate at rest, temperature at rest, respiration rate at 

rest, sex, age and weight as fixed effects. The variables sex, age and weight were 

considered to be potential confounders and PTE(V) was considered to be an effect 
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modifier on the HR of SET-I in the model. Exposures were heart rate at rest, 

temperature at rest, respiration rate at rest in the model, This model was called the 

starting model. Akaike’s Information Criterion (AIC) was used to see if the model 

could be reduced. If potential confounders had effect, they were included in the final 

model (confounder adjustment). The model for which there was no further reduction 

possible was taken as the final model and remaining factors were considered 

important (Burnham and Anderson, 2002). To evaluated the sensitivity of all final 

models, standard errors were judged and effects with large standard errors were 

considered instable. P-Values < 0.05 were indicated as a real difference.  

To evaluate fitness improvement of Group A and Group B horses, HR data of SET-I 

and SET-II were separately analysed for both groups using linear mixed effect models 

with horse as a random effect and subgroup (in Group A; trained/untrained and in 

Group B; school-I/II), subparts of SETs (SET-I and SET-II), heart rate at rest, 

temperature at rest, respiration rate at rest, sex, age and weight as fixed effects. The 

variables sex, age and weight were considered to be potential confounders and SET-II 

was considered to be an effect modifier on the HR of SET-I in the model. Exposures 

were heart rate at rest, temperature at rest, respiration rate at rest in the model, This 

was called the starting model. The model for which there was no further reduction 

possible (using Akaike’s Information Criterion) was taken as the final model and 

remaining factors were considered important.  

Further health assessments were done using Chi-square-test (P < 0.05) to 

evaluated the amount of ‘PTE(V)’ and ‘TTB’ and ‘type of PTE(V)’, ‘type of TTB’ and ‘the 

kind of small injuries reported without TTB’ between the different subgroups. 

Student-t tests (P < 0.05) were used to evaluated at which time point, measured from 

the start of the training period, injured horses became injured (defined in weeks) and 

the differences between subgroups in their exercise regimes. For statistical analysis 

software programs R:Team R (Foundation for Statistical Computing, Vienna, Austria 

2010) and SPSS 17.0 (SPSS Inc., Chicago, IL, USA) were used. 

 

Results 

 

Data are analysed separately for Group A and Group B horses. For the evaluation 

of SETs, some horses were not included in the final statistical model because of 

incomplete data (n = 11) and premature training ends for non-veterinary reasons (n 

= 10). Therefore, to analyse fitness data of Group A, 40 horses (22 untrained and 18 

trained) were used and for analysis of fitness data of Group B, 23 horses were used. 

 

Group A horses  

 

Fitness assessment 

 

Data for age (10.2 ± 3.6 year), weight (561 ± 63 kg), height (1.68 ± 0.06 m), HR at 

rest (36 ± 5 beats/min) and respiratory rate at rest (11 ± 2 breaths/min), rectal body 
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temperature (37.5 ± 0.3 ◦C) and sex were normally distributed and did not differ 

between SETs and trained and untrained horses. Ambient temperature during SET-I 

and SET-II differed between untrained (ambient temperature SET-I, 10 ◦C and SET-II, 

4 ◦C) and trained Group A horses (ambient temperature SET-I, 3 ◦C and SET-II, 17 ◦C). 

Aver-age speed (2.8 ± 0.2 m/s) of the SET and of the fast canter (6.5 ± 0.3 m/s) did 

not differ between SETs nor between trained and untrained horses. 

The final model to evaluated whether HR data of SET-I (mean HR and HR of 

subparts of SET-I) had predictive value for having a PTEV later on in Group A horses 

was defined with horse as a random effect and subgroup (trained/untrained), heart 

rate at rest, respiration rate at rest and sex as fixed effects (see Table 3). Trained 

horses had significantly lower mean HR in SET-I compared to untrained horses (P = 

0.05) (Fig. 1).  

 
Fig. 1. Mean ± sd heart rates (beats/min) of 58 privately owned horses (Group A), subdivided in 

22 untrained and 18 trained horses, in the Netherlands used for group equitation at a single 

riding school followed for 9 weeks in 2009–2010 for occurrence of premature training ends for 

veterinary reasons. Heart rates were collected at two standardised exercise tests; one at the 

beginning of the training period (SET-I) and the other one at the end of the training period 

(SET-II). Ambient temperature at SET-I and SET-II in untrained horses was; SET-I, 10 ◦C and SET-

II, 4 ◦C and trained horses; SET-I, 3 ◦C and SET-II, 17 ◦C. *P < 0.05 indicates a significant 

difference between the heart rate of the trained and the untrained horses. **P < 0.05 indicates 

a significant difference between the heart rate of horses at SET-I compared to SET-II. 

 



Chapter V 

 

78 

Table 3. The description of the final linear mixed effect models for which no further 

reduction was possible (Akaike’s Information Criterion); remaining factors were 

considered important (Burnham and Anderson, 2002). The final models were used to 

evaluate heart rate data of horses during a standardised exercise test at the 

beginning of a training period (SET-I) in relation to premature career ends for 

veterinary reasons (PTEV) and in relation with heart rate data of a SET at the end of 

the training period (SET-II). Fifty-eight privately owned horses (Group A; divided in 

two subgroups of 32 horses with training prior to the study period and 26 horses 

without) used for group equitation at a single riding school and 26 riding school 

horses (Group B; divided in two subgroups of 16 horses of school-I and 10 horses of 

school-II) used for riding lessons at two riding schools in the Netherlands (PTEV) were 

followed during a nine week training period) in 2009–2010. Data were analysed 

separately for Group A and Group B. 

 

Group Factors considered important 

in the final linear mixed effect 

model 

 

Estimate Standard 

error 

P-value 

 Model: Heart rate data of SET-I in relation  to premature career ends for 

veterinary reasons  

A Intercept  4.130 0.086 P < 0.001 

 Subgroup trained  -0.045 0.022 P = 0.05 

 Sex 0.102 0.02 P < 0.001 

 Heart rate at rest 0.004 0.002 P = 0.101 

 Respiration rate at rest 0.011 0.007 P = 0.129 

B Intercept 3.798 0.084 P < 0.001 

 Respiration rate at rest 0.017 0.0058 P = 0.009 

  

Model: Heart rate data of SET-I in relation to heart rate data of SET-II 

A Intercept 4.401 0.020 P < 0.001 

 Sex  0.084 0.021 P < 0.001 

 Subgroup trained -0.048 0.024 P = 0.057 

 SET-II -0.033 0.016 P = 0.039 

B Intercept  3.134 0.283 P < 0.001 

 SET-II 0.148 0.018 P < 0.001 

 Respiration rate at rest -0.037 0.013 P = 0.163 

 Weight 0.003 0.000 P < 0.001 

 

In SET-I mares had significantly higher HR compared to geldings; HR of mares at SET-

I (117 ± 10) and geldings (105 ± 8, P < 0.001). HR data of SET-I had no predictive 

value for premature training ends for veterinary reasons (PTEV) later on.  

The final model to evaluated differences between SET-I and SET-II was defined 

with horse as a random effect and subgroup (trained/untrained), SETs (SET-I and SET-
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II) and sex as fixed effects (Table 3). All horses had a significantly lower mean HR at 

SET-II compared to SET-I (P = 0.039) (Fig. 1). However, trained horses tended to have 

also a lower mean HR at SET-II compared to untrained horses (P = 0.057) (Fig. 1). 

Overall, mares had significantly higher HR com-pared to geldings (P < 0.001). Age, 

weight and rectal body temperature had no influence on HR data of both SETs. 

 

Workload assessment  

 

All horses received the same daily exercise regime; 1.4 ± 0 times/day, 5.0 ± 0 

days/week, 60.0 ± 0 min/training with a total workload of 420 ± 0 min/week. For 

evaluation of the exercise intensity, three horses (1 untrained and 2 trained horses) 

were excluded because of incomplete data. The mean heart rate of training sessions 

was 98 ± 10 beats/min, with a ‘relative workload’ of 46.6 ± 4.7%; this did not differ 

significantly between untrained and trained horses. Group A horses had a cumulative 

workload index per week (intensity [relative workload]) × frequency/week × duration) 

of 19.6 ± 2.0.  

 

Health assessment  

 

A total of 20 horses (34.5%) had a preliminary ending of the training period, with 

a total of 19.0% (n = 11) for veterinary reasons (PTEV) (Table 4). A total of 36.2% (n = 

21) of horses had a temporary training break, but all horses with a temporary break 

finished the training period without an PTEV (Table 4). Sex and age did not influence 

PTE(V) or TTB. Trained and untrained horses did not differ in the number or reasons 

of PTE(V) or TTB. However, untrained horses had significantly earlier a PTEV (after 2.8 

± 1.3 weeks) com-pared to trained horses (after 4.1 ± 1.5 weeks, P = 0.030). The type 

of small injury reported by the owner which did not stop training (horses with no 

TTB) proved to be significantly associated with a PTEV later on (P = 0.005); 27.3% (n = 

3) of all PTEV’s were preceded by detection of a small injury (Fig. 2). 

 

Group B horses  

 

Fitness assessment  

 

Data for age (14.3 ± 4.3 years), weight (626 ± 54 kg), height (1.68 ± 0.04), HR at 

rest (35 ± 8 beats/min) and respiratory rate at rest (15 ± 5 breaths/min), rectal body 

temperature (37.1 ± 0.6 ◦C) and sex were normally distributed and did not differ 

between SETs and school-I and school-II horses. Ambient temperature differed 

between the SETs (ambient temperature SET-I, 10 ◦C and SET-II, 22 ◦C).  

The final model to evaluated whether HR data of SET-I (mean HR and HR of 

subparts of SET-I) had predictive value for having a PTEV later on in Group A horses 

was defined with horse as a random effect and respiration rate at rest as fixed effect 

(Table 3). Respiratory rate at rest did influence the HR of horses at SET-I; HR 
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increased with 1.18 beats/min with each breath increase in respiration rate (P = 

0.009). HR data of SET-I had no predictive value for premature training ends for 

veterinary reasons (PTEV) later on.  

The final model to evaluated differences between SET-I and SET-II was defined 

with horse as a random effect and SETs (SET-I and SET-II), respiration rate at rest and 

weight as fixed effects (Table 3). All horses had a significantly higher heart rate in 

SET-II compared to SET-I (P < 0.001). Horses with more weight had significantly 

higher HRs at both SETs compared to other horses (P < 0.001). Age, sex, HR at rest 

and rectal body temperature did not influence HR of horses in both SETs.  

 
Fig. 2. Twenty-one privately owned horses (Group A) used for group equitation at a single 

riding school and eleven riding school horses (Group B) used for riding lessons at two riding 

schools in the Netherlands were signalled earlier with some type of small injury without having 

a temporary training break (no-TTB) during a nine week training period in 2009–2010. 

Indicated in the figure; which kind of small injuries preceded premature training ends for 

veterinary reasons later on. *The kind of small injury signalled earlier in training period was 

significantly (P < 0.05) associated with the occurrence of PTEV later on. 
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Table 4. Reasons for premature training ends (PTE), temporary training breaks (TTB) 

and premature career ends for veterinary reasons (PTEV) for 58 privately owned 

horses (Group A) in the Netherlands, subdivided in 26 untrained and 32 trained 

horses, used for group equitation at a single riding school followed for 9 weeks in 

2009–2010 for occurrence of premature training ends for veterinary reasons. 

 

 PTE  TTB  

 Untrained 

horses 

n 

Trained 

horses 

n 

Total 

 

n 

Untrained 

horses 

n 

Trained 

horses 

n 

Total 

 

n 

Total horses 26 32 58 26 32 58 

Total premature end 

or temporary break 

7
 

-
 

13
 

-
 

20 

- 

- 

11 

- 

10 

- 

21 

       

Rider reasons 2 5 7 3 1 4 

       Health problem 2 3 5 3 1 4 

       Quit education 0 2 2 - - - 

       

Horse reasons 5 8 13 8 9 17 

        Sold 0 1 1 - - - 

        Veterinary reasons 5 6 11 8 9 17 

        Other 0 1 1 0 0 0 

       

Veterinary reasons (PTEV) 5 6 11 8 9 17 

       Tendon injury 3 2 5 0 1 1 

       Arthrosis 1 0 1 0 1 1 

       Rhabdomyolysis 1 0 1 0 0 0 

       Lame(unspecified) 0 4 4 3 4 7 

       Neck/back problem 0 0 0 1 1 2 

       Skin problem 0 0 0 2 1 3 

       Respiratory problem 0 0 0 1 0 1 

       Dental problem 0 0 0 0 1 1 

       Fever/flu 0 0 0 1 0 1 

 

Workload assessment  

 

Exercise regimen did not significantly differ between horses of the two riding 

schools (2.1 ± 0.4 times/day, 5.9 ± 0.6 days/week, total of workload 789 ± 173 

min/week). For evaluation of exercise intensity two horses school-II were excluded 

because of incomplete data. Mean HR and ‘relative workload’ per training did not 

differ between lessons for both riding schools (81 ± 10 beats/min, 39.6 ± 4.8%). The 

workload was not significantly different between horses that became injured or 
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stayed sound. Group B horses had a cumulative workload index per week of 31.1 ± 

6.2.  

 

Health assessment 

 

A total of 11 horses (42.3%) had a premature training end; all were for veterinary 

reasons (PTEV) and only one horse had a temporary training break (TTB). More 

school-II horses (70%; n = 7)) had a PTEV and they occurred earlier in the training 

period (after 6.4 ± 2.7 weeks) compared to school-I horses (25%; n = 4 P = 0.032 and 

after 9.0 ± 0 weeks, P = 0.012) (Table 5). Sex, age or workload did not influence 

PTE(V) or TTB. Of all PTEV’s, 54.5% (n = 6) were preceded by detection of a small 

injury by the owner, but there were no TTB’s; small injuries were significantly 

associated with later PTEV on (P = 0.030) (Fig. 2). The detection of small injuries 

without a TTB did not differ between the two riding schools. 

 

Table 5. Reasons for premature training ends (PTEs), temporary training breaks (TTBs) 

and premature career ends for veterinary reasons (PTEV) for 26 riding school horses 

(Group B) in the Netherlands used for commercial riding school lessons at two riding 

schools (16 horses of school-I and 10 horses of school-II) followed for 9 weeks in 

2010 for occurrence of premature training ends for veterinary reasons. 

 

 PTE  TTB 

 School-I 

n 

School-II 

n 

Total 

n 

School-I 

n 

School-II 

n 

Total 

n 

Total horses 16 10 26 16 10 26 

Total premature end 

or temporary break 

4
 

-
 

7
*
 

-
 

11 

- 

- 

0 

- 

1 

- 

1 

Veterinary reasons (PTEV) 4 7* 11 0 1 1 

    Tendon injury 3 3 6 0 0 0 

    Arthrosis 0 1 1 0 0 0 

    Lame(unspecified) 1 2 3 0 1 1 

    Euthanasia/trauma 0 1 1 - - - 

* The number of PTE(V) was significantly different from School-I horses (p=0.032). 

 

Discussion  

 

Key results  

 

The present studies shows that Group A horses (privately owned and used for 

student equitation courses) with different fitness levels, receiving exact the same 

workload, did not differ in the number of premature training ends for veterinary 

reasons (PTEV). Only, the moment in time horses got a PTEV differed; untrained 

horses had more early a PTEV compared to trained horses. Group B horses 
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(commercial riding school horses) of school-I and school-II had comparable fitness 

and workload; However, more school- II horses had a PTEV and at earlier point of 

time in the training period compared to school-I horses. In addition, evaluation of the 

health assessments showed that in both groups of riding horses the detection of a 

small injury with-out a temporary break preceded a premature training end for 

veterinary reasons later on.  

 

Limitations  

 

Only a few riding schools were willing to participate in the present study. The 

willingness to participate at the present study may bias the results, since riding 

schools could not be obligated to participate and therefore it was no random 

selection of the Dutch riding schools. To generalise the present study results to a 

broader context for riding schools worldwide, further study is warranted including 

more different types of riding schools and riding schools of different countries having 

probably different (health) management strategies.  

Originally we expected the commercial riding school horses (Group B) to have 

differences in workload, so the contribution of workload to the occurrence of PTE(V) 

could be evaluated. During the experiment it became clear that the commercial 

riding school horses (Group B) had all comparable workloads during the training 

period. However, the occurrence of PTE(V) differed between (sub)groups and it 

seemed that the main difference between (sub) groups was probably the 

management of health issues.  

Bias in daily health assessment was tried to limit as much as possible by training 

the handlers prior to the study period. Additionally, all horses were evaluated at the 

beginning and end of the training period by the same person and if injuries were 

more than mild an veterinarian had to be consulted; results of this consult were 

noted on the same health form. Authors tried to include all factors related to health 

problems in these forms, and left space for additional information not included in the 

standard health form. Only limited times the additional information space was used, 

therefore authors suggest that almost all recognisable health factors were included in 

this form. Therefore, the present results are assumed to reflect PTE(V) and TTB well.  

The exercise intensity of training sessions in Group A and Group B horses was 

assumed to be reprehensive for the average exercise intensity in these horses during 

the training period, because the structure and intensity of training sessions in these 

riding horses were comparable. However, it is a limitation of the study that not each 

training session could be measured and workload intensity had to estimated. 

However, it is assumed that the estimated workload represented the actual training 

intensity well since the evaluated weekly training regime of Group A horses was 

constant for nine weeks and the evaluated riding lessons of Group B horses were 

similar to all other commercial riding lessons. Although, authors cannot guarantee 

that the training was exactly the same for all Group A horses, training of each horse 

was kept as similar as possible.  
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Fitness assessment  

 

The comparison between SETs was hampered by ambient temperature differences 

during SETs and between SETs of trained and untrained Group A horses (Hargreaves 

et al., 1999). It was unfortunately not possible to mix Group A horses at random 

because of organisational reasons. Nevertheless, in Group A horses a strong trend 

was visible towards lower HR of trained horses in SET-II compared to untrained 

horses, even with an increased ambient temperature in SET-II of trained horses, 

whereas untrained horses performed SET-II at a decreased ambient temperature. It 

can be concluded that, irrespective of the environmental differences, the SETs 

seemed to reflect the training condition of the horses. In addition, in Group B horses 

the increase in heart rates from SET-I to SET-II was probably caused by an increase in 

ambient temperatures (increase of 12 ◦C) (Hargreaves et al., 1999; Marlin and 

Nankervis, 2002).  

The initial SET (SET-I) was not predictive for the occurrence of PTEV later on in 

both riding groups. However, it is difficult to generalise, as horses had to be excluded 

from the database because of measurement failures, which reduced statistical power. 

On the other hand, untrained Group A horses were earlier injured compared to 

trained horses. It is therefore assumed that (initial) fitness level of riding horses has a 

role in the incidence of injuries.  

In both SETs of Group A mares had a significantly higher HR compared to 

geldings. This was also found in a study of Vincent et al. (2006) whereas, mares had 

significantly a higher maximal heart rate than geldings. A clear biological explanation 

is lacking, but mares are often more sensible for alterations in their daily routine and 

that may contribute to this difference; in Group B all horses were much more 

experienced and this difference was not found there.  

The study of Vincent et al. (2006) showed a small inverse association with 

bodyweight and the maximal heart rate of horses, however this was not significant. In 

man, literature data about the existence of an inverse relationship between heart rate 

and bodyweight is still under discussion (Lester et al., 1968; Whaley et al., 1992). In 

the present study heavier commercial riding school horses (Group B) had a higher 

heart rate at submaximal exercise. However, this was not seen in riding school horses 

used for group equitation (Group A). Group A horses seemed to be much lighter 

compared to Group B horses, while the heights of the horses were comparable. 

However, no weighbridge was available at the commercial riding and body weight of 

the horses were evaluated using a weight tape. Wagner and Tyler (2011) compared 

the actual body weight of 110 horses with a commercial weight tape and showed 

that the weight tape estimated the horses 65.81 kg lighter than their actual body 

weight. However, each brand of weight tape uses a different measurement system for 

estimating body weight based on heart girth circumference (Wagner and Tyler, 2011). 

The weight tape used in the present study has been evaluated by Mei van der et al. 

(2011), they showed that also this weight tape underestimated the horse’s body 

weight. A correction formula for the actual weight was derived; 0.963 × estimated 
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weight + 26.3 kg. This supports the idea that Group B horses were indeed heavier 

than Group A horses, and this may have been the reason why there was no 

significant association between body weight and heart rate in Group A horses.  

It is logical that horses that have more problems in performing their work both 

have higher heart rates and respiratory rates. The influence of these health variables 

on the heart rate of horses during exercise warrants further study.  

 

Workload of riding horses  

 

In the study by Dekker et al. (2007) riding horses had a mean relative workload of 

39.1% with a mean heart rate of 80 beats/min. In the present study, exercise intensity 

of riding horses of Group B was comparable and of Group A horses it was a bit 

higher, but exercise intensity of all riding horses can be classified as light work 

(Marlin and Nankervis, 2002). As all horses in each subgroup had the same workload, 

the occurrence of PTEV seemed not associated with the workload. Therefore, it can 

be assumed that this low workload did not affect the occurrence of injuries in riding 

horses.  

At the weekend, Group A horses were not trained and only received once a day, 

half an hour of walking exercise at the horse walker. The limited exercise at these 

days, the time turned out and the lack of free excise at pastures compromises the 

horses’ welfare (McGreevy et al., 1995; Redbo et al., 1998) and may have contributed 

to the occurrence of injuries (Murray et al., 2010). In addition, as part of student 

equitation courses this may negatively influence the perception of students on 

equine management and equine welfare. 

 

Workload quantification  

 

In racehorses, workload can be quantified using velocity and distance to generate 

a cumulative workload index (Rogers and Firth, 2004). However, this cumulative 

workload index is not useful when speed is not the only determinant of intensity 

(Harris et al., 2007). Therefore, in riding horses Dekker et al. (2007) used the ‘relative 

workload’ to quantify actual workload. A cumulative workload index per week 

(intensity [relative workload] × frequency/week × duration) was derived in the 

present study. The cumulative workload index per week shows that Group A horses 

had a lower cumulative workload index per week compared to Group B horses. This 

approach appeared to reflect differences in workload relatively accurately, but further 

studies are necessary to improve and validate the system for riding horses.  

 

Injuries in riding horses  

 

In the present study, data on PTE(V) and TTB were com-parable with other studies 

(Murray et al., 2010; Sloet van Oldruitenborgh-Oosterbaan et al., 2010). However, 

fewer horses were evaluated in the present study compared other studies (Murray et 
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al., 2010; Sloet van Oldruitenborgh-Oosterbaan et al., 2010). In these studies 

questionnaires from owners or retrospectively on competition databases were used. 

Since, the present study assessed the actual fitness and workload of horses in relation 

with injuries, the number of horses had to be more limited for practical reasons.  

Against veterinary advice 7 of the 11 Group B horses (whereas 71.4% of these 

horses were school-II horses) with PTEV continued to be used in riding lessons as the 

riding school owners considered them fit enough to work at walk and trot. These 

observations suggest that riding school owners, especially of school-II, under-

recognise health problems in their horses and suggests that they may have a 

different perception of the welfare of horses and how to handle and treat early 

injuries compared to private horse owners. If true, this may be indicative of a serious 

welfare issue and it may also explain school-II horses were more injured compared to 

other horses.  

 

Prevalence of health problems 

 

Evaluating premature training ends for veterinary reasons (PTEV) and earlier 

reported small injuries without temporary break (TTB) showed that 40.9% of all 

horses with a premature training end for veterinary reasons had already been 

diagnosed with that injury, but did not stop training (particularly in Group B horses; 

54.5% of small injuries with ‘no TTB’ had PTEV later on). This suggests that if horses 

are not treated/rested for seemingly minor injuries a greater chance of injuries occurs 

later on. These findings warrant further investigation to prevent injuries and to 

improve welfare of riding horses.  

 

Conclusion  

 

As all horses in each subgroup had the same workload, the occurrence of PTEV 

seemed not associated with the (low) workload. However, in riding horses used for 

student equitation courses, fitness level seems to be an important factor for the time 

PTEVs will occur. SETs seemed to reflect training condition of horses well, but had no 

predictive value for PTEVs later on. In all horses, PTEVs were more likely when a 

temporary break was not taken following seemingly minor injuries. The fact that 

more than half of the injured Group B horses were still continued to be used in riding 

lessons against veterinary advice may indicate that riding school owners have 

different perception on welfare and if true this may cause serious welfare problems. 
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Appendix A: Supplementary data 

 

Table A. Health protocol used for daily monitoring of 58 privately-owned horses 

(Group A) used for group equitation at a single riding school and 26 riding school 

horses (Group B) used for riding lessons at two riding schools in the Netherlands 

followed for 9 weeks in 2009-2010 for occurrence of premature training ends for 

veterinary reasons.  

 
Information horse  

Name   

Date  

Concentrate  Kg/day  Times/day  

Roughage  Kg/day  Times/day  

Legs/hoofs      

Wounds   yes  no Type:  deep wound   wet scratch   dry scratch 

Location: 

Advice veterinarian: 

Cripple  yes  no Advice veterinarian: 

Swelling  yes  no Location: 

Advice veterinarian: 

Windgalls   yes  no Location 

  1 2 3  

Tendons spongy 0 0 0 dry 

Hoofs  Heated  yes  no Advice veterinarian: 

     Cracks   yes  no Advice veterinarian: 

     Smell  yes   no Advice veterinarian: 

Urine and manure  

Manure   normal   

different  
Advice veterinarian: 

Urine  normal   

different  
Advice veterinarian: 

Body  

Wounds   yes  no Type:  deep wound   wet scratch   dry scratch 

Location: 

Advice veterinarian: 

Swelling  yes  no Location: 

Advice veterinarian: 

Swelling  yes  no Location: 

Advice veterinarian: 

Cripple  yes  no Advice veterinarian: 

Capillary refill time 

check 

 ok  no Advice veterinarian: 

Dehydration check   ok  no Advice veterinarian: 

  1 2 3  

Body posture  lively O O O Uninterested 

 relaxed O O O tense  
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Table B. Mean ± sd heart rates (beats/min) of 40 privately-owned horses (Group A) 

used for group equitation at a single riding school, subdivided in 22 untrained and 18 

trained horses,  in the Netherlands followed for 9 weeks in 2009-2010 for occurrence 

of premature training ends for veterinary reasons. Horses were subdivided in whether 

horses ended the training period premature for a veterinary reason (PTEV) or not 

(no-PTEV) and heart rates (beats/min) were collected at a standardised exercise test 

at the beginning of the nine-week training period. 

 

 

 

Untrained horses Trained horses 

No-PTEV 

n=17 

PTEV 

n=5 

No-PTEV 

n=15 

PTEV 

n=3 

HR total 111±13 114±28 107±7 109±13 

HR walk  88±17 78±13 84±18 82±18 

HR trot  110±14 109±21 110±12 106±18 

HR canter1 135±19 146±11 125±10 125±15 

HR hills 130±15 134±10 125±9 127±17 

HR canter2 156±18 155±9 149±8 152±15 

HR 1 min recovery 134±17 124±19 123±7 123±17 

HR 2 min recovery 107±14 101±13 95±4 104±13 

HR 5 min recovery 92±15 89±11 86±7 93±11 

HR 10 min recovery 83±10 80±13 81±7 83±3 
 

 

Table C: Mean ± sd heart rates (beats/min) of 23 riding school horses (Group B) used 

for commercial riding lessons at two riding schools, in the Netherlands followed for 9 

weeks in 2010 for occurrence of premature training ends for veterinary reasons. 

Horses were subdivided in whether horses ended the training period premature for a 

veterinary reason (PTEV) or not (no-PTEV) and heart rates (beats/min) were collected 

at a standardised exercise test at the beginning of the nine-week training period.  

 

   No-PTEV 

n=12 

PTEV 

n=11 

HR total 90±8 88±8 

HR walk  58±12 56±9 

HR trot  90±9 87±9 

HR canter1 114±10 112±8 

HR 1 min recovery 74±11 73±6 

HR 2 min recovery 65±8 66±7 

HR 5 min recovery 62±9 61±7 

HR rest 36±8 32±7 
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Figure A. Mean heart rates (HR; beats/min) of Group A horses (9 untrained and 8 

trained horses) during different training sessions of a standard training week. 
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Abstract 

 

A good horse-rider ‘match’ is important in the context of equine welfare. To 

quantify the influence of repetition and horse-rider matching on the stress of horses 

encountering challenging objects, 16 Warmblood horses were ridden in a test-setting 

on three occasions. On each occasion the horse was ridden by a different rider and 

was challenged by three objects (A–C). Heart rate (HR), heart rate variability (HRV) of 

horse and rider, and behaviour score (BS) of the horse were obtained for each object 

and as a total for each test. The horse-rider interaction was evaluated with each 

combination and assessed as ‘matching’ or ‘mismatching’, and the horses were 

categorised as ‘compliant’, ‘partly-compliant’ or ‘non-compliant’. 

Horses exhibited a decreased HR (P = 0.015) and a decreased BS (P = 0.004) within 

and across different tests. ‘Matching’ horse-rider combinations exhibited less stress 

as indicated by reduced HR (‘match’ 69 ± 10 vs. ‘mismatch’ 72 ± 9, P = 0.001) and BS 

(‘match’ 1.9 ± 1.1 vs. ‘mismatch’ 3.8 ± 1.4, P = 0.017) of the horse. ‘Compliant’ (68 ± 

8, P < 0.001) and ‘partly-compliant’ (71 ± 9, P = 0.002) horses had significantly lower 

HR than ‘non-compliant’ (75 ± 9) animals. The findings of the study indicate that HR 

and BS measurements support a subjective ‘match’ diagnosis and HR measurement 

may be a valuable tool in assessing horse compliance. 
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Introduction 

 

Equine welfare is influenced by a wide variety of factors of which housing, feeding, 

training and ‘horse-rider’ interaction are considered important (McGreevy and 

McLean, 2010). It is generally accepted by owners that the welfare of their horse may 

influence both the animal’s performance potential and health. Moreover, there is a 

more general concern and awareness of animal welfare in most developed countries. 

In The Netherlands this is reflected by the existence of a political party advocating 

animal welfare in the Dutch House of Representatives
5
.  

According to McGreevy and McLean (2010), the training of a horse is 

predominantly influenced by: the animal’s learning processes and ability; the rider’s 

biomechanics and balance; the rider’s knowledge and skill; the horse’s temperament, 

conformation, health, and soundness; and the animal’s history and training 

environment. Research into equine welfare has largely focussed on how the 

environment affects an animal’s welfare (Kaneene et al., 1997; Pritchard et al., 2005; 

Visser et al., 2008a), but there has been less work on the interaction between horse 

and rider (Warren-Smith et al., 2007; De Cocq et al., 2008, 2010; Visser et al., 2008b).  

Communication between rider and horse is affected by the ability of the rider to 

give the right physical signals at the appropriate time. This interaction is also 

influenced by the experiences of both rider and horse, an understanding of the 

mentality of the particular horse (Miller, 2001; Visser et al., 2001, 2008b), the riding 

skills of the rider (McGreevy and McLean, 2010), and the degree of ‘match’ between 

horse and rider (Visser et al., 2003, 2008b; McGreevy and McLean, 2010; McLean and 

McGreevy, 2010). Levels of physical fitness and characteristics such as ‘asymmetry’ 

(Symes and Ellis, 2009) and weight (De Cocq et al., 2004) of the rider can also 

influence horse mobility and gaits kinematics. Asymmetry of the rider leads to 

uncontrolled movements and is likely to confuse the horse and contribute to training 

misunderstandings (Symes and Ellis,2009). 

In dressage training
6
 good communication between horse and rider is essential 

and harmonious cooperation between a horse and rider is termed a ‘match’ (Visser et 

al., 2008b, 2010; Hawson et al., 2010; McGreevy and McLean, 2010). Lack of such 

cooperation is considered to be reflected in evasive behaviours which discomfort the 

horse (McGreevy and McLean, 2007; Visser et al., 2008b; McLean and McGreevy, 

2010), and is termed a ‘mismatch’ between horse and rider. Mismatches can lead to 

unsafe situations for both human and animal, and may negatively impact on the 

horse’s welfare. The Code of Conduct of the FEI
2
 states that at all stages during the 

preparation and training of competition horses, welfare must take precedence over 

all other demands. McLean and McGreevy (2010) suggest that equitation science can 

be used to forge better matching of horses and riders. Unfortunately, objective 

criteria to assess such matching have not been defined.  

                                                           
5
 See: http://www.partyfortheanimals.nl  

6
 See: http://www.fei.org  

http://www.partyfortheanimals.nl/
http://www.fei.org/
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Stress in horses being ridden is often difficult to assess objectively although 

parameters such as behaviour scoring (BS) of evasive behaviours, heart rate (HR), 

heart rate variability (HRV), and several blood variables have been used (Sloet van 

Oldruitenborgh-Oosterbaan et al., 2006; Van Breda, 2006; Visser et al., 2008a,b; Von 

Borstel et al., 2009). HRV is a measure of the changes in the intervals between 

consecutive heart beats and in humans is used to assess shifts in the parasympathetic 

and higher sympathetic control of cardiac function in individuals under stress 

(Bernasconi et al., 1998; Bernardi et al., 2000). Correlations between HRV and stress 

have also been reported in horses; Rietmann et al. (2004) studied the behavioural and 

physiological responses of twenty horses to a challenging ground-exercise task and 

correlations were found between HRV, HR and behavioural parameters. HRV has also 

been used to quantify specific aspects of a horse’s temperament (Visser et al., 2002), 

and this parameter may prove to be a useful indicator of temperament and of coping 

strategies in horses (Visser et al., 2002; Von Borell et al., 2007).  

In the Netherlands, experienced trainers have scored behavioural parameters in 

ridden horses and have made subjective assessments as to whether or not horse-

rider combinations were ‘matching’ or ‘mismatching’. These assessments were found 

to be both consistent and repeatable and were strongly correlated with the 

behavioural parameters of the horses (Visser et al., 2010).  

In a study of mature schooling horses, Visser et al. (2008b) found agreement on 

the assessment of horse-rider cooperation between riders and an external, 

experienced judge. However, it was shown that the assessment of horse cooperation 

with the rider was correlated with the frequency of their evasive behaviour but that 

the assessment of the judge was not (Visser et al., 2008b). It was suggested that 

further studies were required to provide more objective criteria to assess degrees of 

‘matching’ or ‘mismatching’.  

The aim of the present study was to quantify the influence of repetition and rider-

horse match on the stress of horses encountering challenging objects, using HR and 

HRV of both horses and riders, the BS of the horses, and horse-rider interaction as 

variables.  

 

Materials and methods 

 

Horse and rider selection 

 

Sixteen Dutch Warmblood horses (mean age 14 [±5] years; 12 geldings and four 

mares), held at the Dutch Equestrian Centre (Helicon-Education) for student 

equitation courses, were used. The horses were exercised approximately 5 days/week 

for 2 h. All of the animals were housed in individual stables bedded with straw, had 

unlimited access to water and were fed separately.  

The 21 riders who took part in the study were students of the international level 3 

Education of the Riding Instructor Eligible Qualification scale of the International 

Group for Equestrian Qualifications (IGEQ). The riders were all female with a mean 
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weight of 72 (±5.2) kg and a mean age of 18 (±1.4) years. The Animal Ethics 

Committee of Wageningen University concluded that this study did not require its 

approval. The expected level of animal discomfort created by the study was 

considered to be ‘zero to minimal’. 

 

Equipment used 

 

During each test, horses and riders were equipped with a Polar-RS800 HR monitor 

(Polar Electro) with soft-cotton-like transmitters containing the electrodes. These 

were placed on the thoracic skin of both horses and riders and contact was optimised 

by moistening both the electrodes and skin with water. The monitors continuously 

recorded HR (bpm) and HRV in root means square successive differences (RMSSD 

[ms]) using the RR-interval mode (Von Borell et al., 2007). The HR monitoring 

equipment used was reliable when used previously in both humans (Kingsley et al., 

2005) and horses (Sloet van Oldruitenborgh-Oosterbaan et al., 1988). During each 

test, each horse was under constant video surveillance (JVC).  

 

Study protocol 

 

The study was carried out in a 20 x 40 m indoor arena where video cameras 

followed the horses during the entire course of the test. Horses were ridden at a 

‘walk’ three times by three different, randomly selected, riders (test I–III). During each 

test the horses encountered three challenging objects positioned at least 20 m apart: 

a blue sail (1 x 1.5 m); a red-ball (1 m diameter); and a narrow passage (1 x 4 x 0.8 m). 

At the start of each test, the horse was walked into the indoor arena by a handler. 

While the animal stood still, the video cameras and HR monitors were activated. The 

rider then mounted and rode the pre-determined test route for 5 min. Riders were 

given directions as previously described (Visser et al., 2008b): if a horse was afraid of 

an object, the rider was instructed to remain passive at first and to give the animal 

the opportunity to approach the object voluntarily. If a horse did not approach 

voluntarily, riders were instructed to support the horse with consistent, but minimally 

invasive, signals to pass by the object (McGreevy and McLean, 2010). Before the end 

of the test, horses were ridden calmly without passing any objects so as to obtain the 

HR when the animal was completely relaxed (BS, 0). At the end of the test, HR 

monitors and the video cameras were stopped. 

 

Assessment of variables 

 

Following completion of all tests, a BS for the horse of between 0 (completely 

relaxed) to 10 (very anxious), was awarded for each test (BS-Test-I, BS-Test-II, and BS-

Test-III), and for each object (A–C). The mean BS over the entire test (BS total) was 

also calculated. The BS was adapted from a scoring system used by Visser et al. 

(2010) (Table 1). The same observer also gave an overall assessment as to whether or 
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not the horse-rider interaction during the test was ‘matching’ or ‘mismatching’. To 

‘blind’ this assessment as far as possible, it was performed 1 month later in 

randomised sequence. The horse-rider interaction over the entire test was considered 

a ‘match’ when there was harmonious communication between rider and horse, and 

indicated no repeated behavioural signs of discomfort and that all responses arose 

from consistent signals of least invasive nature (McLean and McGreevy, 2010). 

A ‘mismatch’ was registered when the horse exhibited signs of discomfort such as 

ears turned backwards, head shaking and shortened stride, and/or the rider was not 

able to react to the horse’s behaviour: i.e. inappropriate timing and use of cues, rider 

not sensitive to the cues of the particular horse, or a poorly trained response by the 

horse (McGreevy and McLean, 2010). A ‘match’ or ‘mismatch’ horse - rider 

combination, was therefore the result of the interaction ‘horse’ (e.g. learning ability, 

experience, history and temperament) and ‘rider’ characteristics (e.g. training skills, 

knowledge and biomechanics). Consequently, to further distinguish between the 

contribution of ‘horse’ and/or ‘horse-rider interaction’ to a match or mismatch, 

horses were categorised as either ‘compliant’ (matching with all three riders), ‘partly 

compliant’ (matching with one or two riders), or ‘non-compliant’ (not matching with 

any rider).  

All HR data were initially checked visually for artefacts. The HR and HRV data 

relating to the rider and horse for each test (HR-Test-I, HR-Test-II, HR-Test-III and 

HRV-Test-I, HRV-Test-II, HRV-Test-III) and for each object (A–C) were then calculated. 

The mean HR and HRV for the entire test (HR-total, HRV-total) and at the termination 

of the test when the BS was zero (HR-end, HRV-end), were also calculated. The HR, 

HRV and BS between matching (HR-match, HRV-match, BS-match) and mismatching 

(HR-mismatch, HRV-mismatch, BS-mismatch) horse-rider combinations and between 

compliant (HR-compliant, HRV-compliant, BS-compliant), partly-compliant (HR-

partly-compliant, HRV-partly-compliant, BS-partly-compliant), and non-compliant 

(HR-non-compliant, HRV-non-compliant, BS-non-compliant) horses, were compared.  

 

Statistical analysis 

 

All data are presented as means (±SD) and were analysed using a linear mixed 

effect model with ‘horse’ and ‘test’ as random effects. The fixed effects in the model 

were ‘object’, whether horse and rider matched or not, age, degree of compliance, 

and the interaction between object and test. Likelihood ratio-tests were used to 

investigate which of these fixed effects were significant relative the dependent 

variables HR, HRV, and BS. Normal probability plots of the residuals were used to 

determine whether or not the normality assumption was reasonable. If this 

assumption did not hold the data was log transformed. Computations were 

performed using ‘R’ (Language and Environment for Statistical Computing, R Team –

R Foundation for Statistical Computing, Vienna, Austria 2010). 
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Table 1. Index of horse behavioural scores used for each test and each object. 

 

Score Behaviour of the horse 

0 Horse completely relaxed; ears relax towards the front, neck relaxed, strides 

normal  

1 Horse relaxed; ears pointed to the front, neck relaxed, strides normal 

2 Horse a bit excited; ears pointed to the front, neck a bit elevated, strides 

normal   

3 Horse a bit excited; ears pointed to the front, neck elevated, strides normal   

4 Horse a bit excited; ears pointed to the front, neck elevated and horse is not 

on the bit, strides normal   

5 Horse moderately excited; ears pointed to the front, neck elevated and horse 

is not on the bit, looks to the side (object), strides normal   

6 Horse moderately excited; ears pointed to the front, horse is not on the bit, 

strides shortened   

7 Horse excited; ears backwards, horse is not on the bit, angled towards object, 

strides shortened  

8 Horse excited; ears backwards, neck stretched, horse is not on the bit, strides 

strongly shortened   

9 Horse anxious; ears backwards, neck stretched, horse is not on the bit, horse 

flees a bit away from object; or goes backwards.  

10 Horse very anxious; ears backwards, neck stretched, horse is not on the bit, 

horse flees from object in trot or gallop (minimal 5 strides)   

 

Results 

 

Horse data 

 

There was a significant interaction between tests and between objects for HR (P = 

0.015) and BS (P = 0.004). The HR of horses decreased significantly for each object 

during each test and in each further test (Table 2). The HR and BS were significantly 

higher at objects A and B (ball and sail) than at object C (narrow passage)(Table 2). In 

test III the HR at object C was also significantly lower than at the same object C in 

test I. The HRV of the horses varied widely and exhibited no interaction between tests 

and objects (Table 2). However, taking all tests together, HRV at the end of the test 

was significantly lower than that demonstrated by animals passing object A (P = 

0.011) and also lower than the HRV over the entire test (P < 0.001). Older horses had 

a significantly lower HR (P = 0.016) than younger animals.  

 

Rider data  

 

In terms of rider HR, there was no significant interaction between tests and 

objects. When all the tests were taken together, the HR of the riders was significantly 
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lower in test I compared to test II (101 ± 16 vs. 107 ± 17 bpm, P = 0.024; Table 3), 

and there was a significant difference between HR at the end of the test (97 ± 16 

bpm) and at objects A (108 ± 20 bpm, P < 0.001), or B (106 ± 17 bpm, P < 0.001), 

and the overall mean HR (103 ± 5 bpm,P = 0.003). Although there was no significant 

interaction between test and object for rider HRV (Table 3), there was a significant 

difference in this parameter between test I and II (37 ± 16 vs. 21 ± 13 ms, P < 0.001).  

 

Degree of matching and compliance 

 

The HR of the horses during the tests was significantly lower (P = 0.001) in 

matching (n = 24), than in mismatching (n = 24) combinations (69 ± 10 vs. 72 ± 9 

bpm). Animal BS was also significantly lower (P = 0.017) in matching relative to 

mismatching combinations (1.9 ± 1.1 vs. 3.8 ± 1.4; Fig. 1). There was a tendency for 

rider HR to be lower in matching compared to mismatching combinations (99 ± 12 

vs. 107 ± 17 bpm, P = 0.072). In 18/24 matching combinations, the horse (n = 6) was 

considered compliant. In the remaining six of the matching combinations together 

with nine of the mismatching combinations, the horse (n = 5) was scored as partly-

compliant, and in the remaining mismatching combinations, the animals (n = 6) were 

categorised as non-compliant.  

In considering the degree of compliance, the HR of non-compliant horses (75 ± 9 

bpm) was significantly higher than that of partly-compliant (71 ± 9 bpm, P = 0.002) 

and compliant (68 ± 8 bpm, P < 0.001) animals (Fig. 2). The differences in BS between 

non-compliant (3.9 ± 0.8), partly-compliant (3.1 ± 2.0) and compliant (1.7 ± 0.8) 

horses were not significant. Similarly, analysis of the HRV of horses and riders found 

no significant differences between matching and mismatching combinations, or 

between non-compliant, partly-compliant and compliant animals (Fig. 2). The age of 

the horse also had no influence on the outcome.  

 

Correlations 

 

Partial correlations were calculated between HR (horse), HRV (horse), HR (rider), 

HRV (rider) and BS. The only significant correlation was between rider HR and HRV (r 

= 0.99). There was no correlation between horse HR and HRV (r = -0.14). 

 

Discussion 

 

This study found decreased stress-related behaviour within each test and at each 

object suggesting that the horses adapted to these challenges. Visser et al. (2002) 

previously found that horses exhibited less pronounced behavioural responses and 

HR when the same tests were repeated. In the present study the objects were not  

randomised for each further test as horse-rider interaction rather than habituation to 

novel objects was the main focus of the study. 
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Table 2. Mean (±standard deviation) of heart rate (HR, bpm), heart rate variability 

(HRV, ms) and behaviour score (BS) for 16 horses during each test (I–III), for each 

object (A–C) and for each further test. 

 

 Object A Object B Object C End of test Total of test 

Test I      

  HR 80 ± 17 86 ± 16 78 ± 10 75 ± 10 75 ± 10 

  HRV 33 ± 31 20 ± 16 19 ± 22 18 ± 18 45 ± 28 

  BS 5.8 ± 2.8 4.6 ± 2.4 3.3 ± 1.1 0 ± 0 3.2 ± 1.4 

      

Test II      

  HR 72 ± 13
a
 70 ± 8

c
 73 ± 12 73 ± 11 70 ± 9 

  HRV 30 ± 26 20 ± 14 20 ± 15 21 ± 17 40 ± 23 

  BS 3.9 ± 2.5
 c
 3.2 ± 1.6

 b
 3.0 ±1.5 0 ± 0 2.8 ± 1.6 

      

Test III      

  HR 67 ± 11
b
 68 ± 12

c
 68 ± 8

a
 68 ± 6 67 ± 6 

  HRV 27 ± 22 30 ± 28 17 ± 15 26 ± 27 41 ± 18 

  BS 3.4 ± 1.6
 c
 2.8 ± 1.8

 c
 2.8 ± 1.6 0 ± 0 2.6 ± 1.8 

      

All results      

  HR 73 ± 15 75 ± 15
c
 74 ± 11 72 ± 10 71 ± 9 

  HRV 31± 26
a
 24 ± 20 19 ± 17 22 ± 21 42 ± 23

c
 

  BS 4.4 ± 2.5
 c
  3.5 ± 2.1

 c
 3.0 ± 1.4

 c
 0 ± 0 2.9 ± 1.6

 c
 

a
= p < 0.05 significantly different compared to test I (in all results: compared to end of test).  

b
= p < 0.01 significantly different compared to test I (in all results: compared to end of test) 

c
= p < 0.001 significantly different compared to test I (in all results: compared to end of test) 

 

In consequence, the decrease in stress-related behaviour within each test could 

have been caused by object type, i.e. with potentially less challenging object at the 

end of each test. Horses are often trained (or habituated) to show a reduced fear 

response to challenging objects or situations. It has been shown however, that using 

these tests repeatedly in assessing behavioural reactions to challenging situations, 

the more emotionally reactive animals will remain so relative to other horses (Visser 

et al., 2002).  

Stress behaviour was also reflected in the HR of the horse within each test and at 

each object. The HR during the first test and while passing objects for the first time 

were higher than at each further object within and with each subsequent test, despite 

the fact that the same degree of physical activity was required. This finding is in line 

with the hypothesis that an increase in HR is not only caused by an increase in 

physical activity, but also reflects heightened emotional reactivity (Baldock and Sibly, 

1990; Visser et al.,2002). HR may therefore also indicate the animal’s internal 

physiological state, which is not always reflected in the behaviour of the ridden horse.  
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Table 3. Mean (± standard deviation) of heart rate (HR, bpm), heart rate variability 

(HRV, ms) 21 riders during each test (I–III), for each object (A–C) and for each further 

test. 

 Object A Object B Object C End of test Total Test 

Test I      

  HR 106 ± 24 104 ± 17 96 ± 17 94 ± 15 101 ± 16 

  HRV 35 ± 27 35 ± 24 39 ± 25 40 ± 26 37 ± 16 

      

Test II      

  HR 111 ± 19 110 ± 20 106 ± 23 103 ± 18 107 ± 17
a 

  HRV 18 ± 13 17 ± 14 23 ± 18 22 ± 18 21 ± 13
c
 

      

Test III      

  HR 104 ±16 101 ± 14 93 ± 13 94 ± 11 101 ± 13 

  HRV 31 ± 23 37 ± 25 36 ± 21 35 ± 21 35 ± 20 

      

All results      

  HR 108±20
c 

106±17
c 

99±19 97±16 103±15
b 

  HRV 28±22 30±23 33±22 32±23 31±18 
a
= p < 0.05 significantly different compared to test I (in all results: compared to end of test) 

b
= p < 0.01 significantly different compared to test I (in all results: compared to end of test) 

c
= p < 0.001 significantly different compared to test I (in all results: compared to end of test) 

 
Fig. 1. Graph illustrating heart rate (HR), heart rate variability (HRV) and behaviour score (BS) 

for match and mismatch horse-rider combinations. The mean HR (bpm) and mean HRV (root 

means square successive differences [RMSSD], ms) of 16 horses are indicated on the left, and 

the BS on the right, ordinates, respectively. *P < 0.05, **P < 0.01, ***P < 0.001 (significantly 

different compared to matching horse-rider combination, respectively). 
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Fig. 2. Graph illustrating heart rate (HR), heart rate variability (HRV) and behaviour score (BS) of 

compliant, partly-compliant and non-compliant horses. The mean HR (bpm) and mean HRV 

(root means square successive differences [RMSSD], ms) of 16 horses are indicated on the left, 

and the BS on the right, ordinates, respectively.*P < 0.05,**P < 0.01, ***P < 0.001 (significantly 

different compared to non-compliant horses). 

 

Furthermore, the HR of the horses decreased significantly with age, as found 

previously (Visser et al., 2002). 

The HR and behavioural reactions differed between horses. Some animals 

exhibited no stress behaviour during the object tests, although these horses had 

elevated HRs during the object test or on passing the objects. This result is in line 

with the ‘coping strategy’ hypothesis which suggests that some individual animals 

pro-actively respond to an unknown, possibly frightening situation (pro-active coping 

style), whereas others passively wait for the event before responding (passive or 

reactive coping style) (Koolhaas et al., 1999, 2010). Young horses assessed for 

behavioural reactions to novel object tests showed different behavioural reactions (Le 

Scolan et al., 1997; Visser et al., 2002). This may explain why there was a significant 

decrease in the HR of horses passing object C in test III and test I, although the BS 

did not differ for this object. Horses seem to have an individual coping response to 

the challenging objects, a finding that may confirm that horses show characteristic 

behavioural patterns when mentally stressed, as provoked by the challenging object 

test (Baldock and Sibly, 1990; Manteca and Deag, 1993; Sgoifo et al., 1997; Visser et 

al., 2002). The characteristic behaviour patterns are reflected by the HR response of 

the horse, which may indicate an elevated state of emotion.  

Rider-match proved to have a significant influence on the apparent stress 

experienced by the horses during the tests: a good match resulted in novel objects 
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provoking less stress in terms of the horse’s behaviour and HR. For practical reasons, 

the expert group assessors used in the study by Visser et al. (2010) to assess 

matching/mismatching criteria could not be used. As an alternative in the present 

study this assessment was carried out by the same observer (CCBMM) who had been 

involved in the previous behavioural scoring procedure (Visser et al., 2010). It is 

possible that this introduced a degree of bias. However, the assessment was 

performed 1 month later and in a random fashion. It was clear that HR and BS 

assessments and the subsequent harmonious matching of rider and horse optimises 

animal performance and welfare.  

Evaluation of the horse’s HR can also facilitate in the assessment of the horse-

rider relationship with attendant benefits to both. The HR was significantly different 

between ‘compliant’, ‘partly-compliant’ and ‘non-compliant’ horses. Such differences 

in the degree of horse-rider compliance have been reported elsewhere (Manteca and 

Deag, 1993; Thompson and von Hollen, 1996; Visser et al.,2008b). In the current 

study, all non-compliant animals were mismatches with their three test riders. It is 

therefore most likely that these mismatches reflected confusion/conflict on the part 

of the animal rather than on the horse-rider interaction. A study in rats by Sgoifo et 

al. (1997), also found that HR was a useful parameter in distinguishing individual 

animals and, in the context of horses challenged by object tests, HR can be used as a 

measure of the animal’s temperament (Visser et al., 2002). Our study suggests that 

HR may be a valuable tool in assessing a horse’s degree of compliance.  

We found no significant difference in terms of BS in the degree of compliance of 

horses with their riders. An observer can assess the level of compliance based on the 

behavioural responses of a horse to challenging situations. In the study of Visser et 

al.(2008b), horse-rider cooperation, as subjectively assessed by an external but 

experienced observer, did not correlate with the frequency of evasive behavioural 

responses taken by horses. Therefore, it was suggested that cooperation, or 

compliance, should be scored more objectively and, ideally, in the context of other 

parameters. HR adds information regarding the physiological and emotional state of 

an animal. Visser et al. (2001, 2008b) found that mature ‘schooled’ horses, as used in 

this study, reacted less to some features of behavioural tests than did younger 

animals which tend to run away, whereas older horses are taught not to run away, 

even when afraid. Consequently, it is not surprising that mature horses do not always 

exhibit typical behavioural responses and suggests that HR may be more useful than 

BS in quantifying individual differences between horses, especially between more 

mature animals and where detailed behavioural scoring has not been possible.  

The present study indicates that caution is necessary when interpreting equine 

HRV data. Parker et al. (2009) found that HRV is only reliable if horses are stationary 

and abnormalities in the data are corrected (Cheung, 1981). The fact that the HRV 

data in the present study were not so corrected may have contributed to the fact that 

limited differences were found. In line with previous work (Von Borell et al., 2007), our 

study indicates that basal HRV values in horses demonstrate a large degree of 
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individual variation. This may ultimately have contributed to the lack of significance in 

the recorded HRV values.  

Ideally, baseline HR and HRV data should have been taken prior to the start of the 

experiment, but then the horses were too eager to start their work. Baseline HR and 

HRV values are sometimes determined while the animals are stabled (Visser et al., 

2002) and these are used in defining basal coping strategies and/or temperamental 

traits. In our study, such data could have been correlated with the outcomes of the 

match/mismatch scores and HR measurements during the tests. However, comparing 

such baseline HR and HRV with those in animals ‘at walk’ must be carried out with 

caution: only measurements taken from animals undergoing similar levels of activity 

or demonstrating similar behaviours should be compared (Von Borell et al., 2007). 

In humans, an elevated HR is associated with reduced HRV (Kleiger et al., 1987; 

Britton et al., 2007). In our study it was interesting to note a strong relationship 

between rider HR and HRV but these parameters were not linked in the tested 

horses. This is at variance with the findings of two previous studies where a 

relationship between horse HR and HRV was shown (Visser et al.,2002; Rietmann et 

al., 2004). However, given that other work has also failed to find such a link (Falewee 

et al., 2006; Minero et al.,2006; Visser et al., 2008a), this issue merits further 

investigation. 

 

Conclusions 

 

This study indicates that the subjective assessment of matching/mismatching 

horse-rider combinations is supported by more objective criteria such as HR and BS. 

Exposure to novel objects or challenging situations were perceived as less stressful to 

horses when there was a good horse-rider ‘match’. Compliant and partly-compliant 

animals (i.e. horses that matched different riders) had lower HRs than did non-

compliant horses (i.e. horses that did not match different riders). Measuring horse HR 

may prove to be a valuable tool in assessing horse-rider ‘match’ and the degree of 

compliance of horses that will in turn contribute to the welfare of the ridden animal.  
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Abstract  

 

Mounted police horses have to cope with challenging, unpredictable situations 

when on duty and it is essential to gain insight in how these horses handle stress to 

warrant their welfare. The aim of the study was to evaluate physiological and 

behavioral responses of twelve (six experienced and six inexperienced) police horses 

during police training. Horses were evaluated during four test-settings at three time 

points over a 7-week period: outdoor track test, street track test, indoor arena test 

and smoke machine test. Heart rate (HR; beats/min), heart rate variability (HRV; root 

means square of successive differences; RMSSD; ms), behavior score (BS; scores 0-5) 

and standard police performance score (PPS; scores 0-1) were obtained per test. All 

data were statistically evaluated using a linear mixed model (Akaike’s Information 

criterium; t>2.00) or logistic regression (P<0.05).  

HR of horses was increased at indoor arena test (98±26) and smoke machine test 

(107±25) compared to outdoor track (80±12, t=2.83 and t=3.91 respectively) and 

street track tests (81±14, t=2.48 and t=3.52 respectively). HRV of horses at the indoor 

arena test (42.4±50.2) was significantly lower compared to street track test 

(85.7±94.3, t=2.78). BS did not show significant differences between tests and HR of 

horses was not always correlated with the observed moderate behavioral responses. 

HR, HRV, PPS and BS did not differ between repetition of tests and there were no 

significant differences in any of the four tests between experienced and 

inexperienced horses.  

No habituation occurred during the test weeks and experience as a police horse 

seems not a key factor in how these horses handle stress. All horses showed only 

modest behavioral responses and HR may provide complimentary information for 

individual evaluation and welfare assessment of these horses. Overall, little evidence 

of stress was shown during these police training tests. Since three of these tests (only 

not the indoor arena test) reflect normal police work, it is suggested that this kind of 

police work is not significantly stressful for horses and it would have no negative 

impact on the horse’s welfare.  
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Implications 

 

Police horses have to cope with challenging objects and unpredictable situations 

during their duty. Wastage and behavioral problems are a common problem for the 

mounted police. Therefore, there is a need for information providing insight in 

behavioral and physiological responses of horses during police work and/or training, 

for reasons of both animal welfare and economics.  

 

Introduction 

 

Police horses have to cope with challenging objects and unpredictable situations 

when on duty. These horses are trained to remain calm in turbulent situations such as 

tumultuous crowds and fireworks for the reasons of public safety and the security of 

the police officers, and of course also for their own welfare (Thomas, 2010). To a 

certain extent the way horses respond to challenging situations is affected by their 

individual coping strategies (Horváth et al., 2007). A police horse is invariably ridden 

by a variety of police officers during its career. Horse-rider miscommunications 

and/or the use of unsuitable horses, are contributing factors in accidents, behavioral 

problems and wastage (McGreevy and McLean, 2010). Therefore, it is essential to 

gain insight in the physiological and behavioral responses of horses during police 

training and work  (Thomas, 2010).  

Police horses need to have a suitable temperament and nature to overcome even 

the most challenging circumstances (Thomas, 2010). Behavior and certain specific 

aspects of a horse’s temperament can be assessed using behavioral scoring in 

(challenging) behavioral tests and/or using rating scores from experts, trainers and/or 

riders (Munsters et al., 2012; Visser et al., 2002). Performance scores have been used 

to select police dogs (Horváth et al., 2007; Slabbert and Odendaal, 1999), but no 

studies are available on the selection of police horses for their work.  

Heart rate (HR), heart rate variability (HRV) and some haematological variables 

have been shown to be useful in predicting and interpreting the responses of horses 

to challenging situations (Visser et al., 2002). In a study of the way horses cope with 

challenging circumstances HR and HRV proved to be the most helpful indices (Von 

Borell et al., 2007).  

In the Netherlands, the decision to purchase prospective police horses is based on 

the subjective opinions of two experts regarding the suitability for police work. 

Horses are tested in situations which simulate normal police work.  

The aim of the study was to evaluate the physiological and behavioral responses 

of experienced and inexperienced horses during police training, using HR, HRV, 

behavior score (BS) and police performance score (PPS) of horses during four test-

settings.  
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Materials and Methods 

 

Horses and riders 

 

Twelve Warmblood horses (age 9±4 years; two mares and ten geldings) from the 

Dutch Police Department were studied. Six had extensive experience with police work 

(12±5 years of age; 19-120 months’ experience) and six horses (7±2 years of age) 

had less than one month experience. All horses were randomly selected and privately 

owned sport horses trained to novice or medium level before being offered for sale 

to the police. Horses without experience were exercised 1h/day on 5 days/week. 

Experienced horses were exercised 2-3 times/week (for 2-6 h/day) during regular 

police work and on the other days were exercised for 1h. All horses were housed in 

individual stalls, bedded on straw, had unlimited access to water and were fed hay 

and concentrate up to their individual needs. All horses were ridden by two 

experienced police riders of similar size and weight and had more than ten years 

experience of police work.  

The Animal Ethics Committee of Utrecht University concluded that the proposed 

study did not need ethical approval, as it did not qualify as an animal experiment 

under Dutch law.  

 

Police training tests  

 

Four police training tests were used in the present study: The outdoor track, street 

track and smoke machine tests were selected as they were in use by the police for 

more than a decade to select police horses and simulate normal police work. As  

challenging object test ‘the indoor arena test’ was added, as behavioral tests are used 

to assess physiological and behavioral responses of animals (Slabbert and Odendaal, 

1999; Taylor and Mills, 2006). Horses were ridden at walk during all tests and location 

and approach to the objects were standardised as much as possible (descriptions of 

all objects and tests are presented in Table 1).  

The ‘indoor arena test’ was performed in an indoor arena (20x40 m), where horses 

encountered four challenging objects positioned at a distance of 20m or more from 

each other (duration ±2 min) (Supplementary material S3). The ‘outdoor track test’ 

was performed outside on the grounds of the Dutch police department, and horses 

encountered ten challenging objects positioned 20-100 m apart (duration ±10 min). 

The ‘street track test’ consisted of a 4.2 km circuit through the nearest town with ten 

challenging objects along the course (duration ±45 min). The ‘smoke machine test’ 

was performed on the grounds of the Dutch police department, here horses 

encountered the smoke machine which was started when horses were at 20 m 

distance and was kept running for ten seconds (duration ±2 min). In the street track 

and smoke machine tests, each experimental horse was accompanied by an 

experienced horse (not included in this study), the test horse was always in front 

during the approach to the challenges.  
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Experimental set-up 

 

Horses performed all tests three times on three consecutive days in week 1, week 

3 and week 7. Supervision of tests was done by the same individual at all times. On 

the first day baseline values of horses were obtained in the horse’s stall; after the 

horses were equipped  with a HR monitor they were allowed to acclimatize in their 

stables before rest HRs were taken. Afterwards, horses were saddled and ridden at 

walk for four minutes in a quiet, familiar indoor arena (20x40m) to obtain HR and 

HRV at normal walk. In the morning of the second day, horses performed at the 

indoor arena test and in the afternoon they performed at the outdoor track test. In 

the morning of the third day, the street track test was performed and in the 

afternoon the smoke machine test was performed. 

At the start of each test, horses were saddled and instrumented in a handling box 

and video cameras and HR monitors were started simultaneously. The riders 

mounted the horses outside the handling box and started with the test. Riders were 

instructed similarly as was done in the study of Munsters et al. (2012). When horses 

encountered the challenging objects, they were allowed to perform attention and 

exploration behaviors so they had sufficient time and space to choose their 

behavioral response (Baragli et al., 2011). If a horse was afraid of an object, the rider 

stayed passive and gave the horse the opportunity to approach the object 

voluntarily. If a horse did not do so during the first two minutes, the rider supported 

the horse with consistent signals of the least invasive kind (Baragli et al., 2011; 

Munsters et al., 2012). If the horse still refused to pass the object, the horse was led 

away and the test continued by approaching the next object.  

 

Heart rate measurements  

 

During each test, horses were equipped with a HR monitor (Polar RS800CX, Polar 

Electro Oy, Kempele, Finland)
  

with soft cotton like transmitters containing the 

electrodes. The two electrodes were placed under the girth behind the left elbow and 

under the saddle at the left withers. To optimise contact, electrodes and skin were 

soaked with water. HR monitors continuously recorded HR (beats/min) and HRV 

(RMSSD; root-means-square-successive-differences; ms) using the RR-interval mode. 

Before further evaluation, the HR data were checked visually for artefacts. During 

each test, each horse was videotaped continuously with a video camera (JVC, 

Yokohama, Japan).  

 

Behavior score and police performance score  

 

For each test a behavior score (BS) of each horse was given by an experienced 

observer on a 0-5 scale (Table 1), adapted from study of Munsters et al. (2012) and 

Visser et al. (2010). To make this as ‘blinded’ as possible the assessment was done by 

the first author one month later in a randomised order. 
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Simultaneously, a police performance score (PPS) was given by two experienced 

police trainers for each test (Slabbert and Odendaal, 1999). In this score performance 

was graded as ‘pass’ for a police horse (PS-0) when horses reacted calmly, in a 

relaxed fashion and showed none or only a minor response to the challenging object, 

or as ‘no-pass’ for a police horse (PS-1) when there was an excitement response 

including flight behavior and/or resistance to approach the challenging object.  

 

Table 1. Description of the different challenging objects in four test-settings (the 

indoor arena test, outdoor track test, street track test and smoke machine test) used 

to evaluated physiological and behavioral responses of twelve Dutch Warmblood  

horses during police training and behavioral scores used to assess behavioral 

responses of twelve Dutch Warmblood horses during police training. Behavioral 

scores were adapted from the studies of Visser et al. (2010) and Munsters et al. 

(2012). 

Test Object  Description  

Indoor 

arena  

1 Passing a red ball (1m diameter)  

2 Passing two coloured parasols (1.5m diameter) 

3 Walking over a mattress (0.8x1.80x0.1m) 

4 Passing through a narrow space lined by two waving flags  

Outdoor 

track  

1 Passing a feeding silo 

2 Passing a stack of wooden pallets 

3 Passing two Styrofoam cows 

4 Passing several hay bales in plastic 

5 Passing through a narrow passage between fence and wall 

6 Walking in and out a dry ditch  

7 Walking over the lowest step of a piano fence  

8 Passing a small blue building 

9 Passing two flags hanging outside of a building 

10 Walking over a gully 

Street  

track  

1 Passing through a narrow passage bordered by white 

construction blocks 

2 Passing a grocery shop 

3 Crossing the parking lot of a supermarket 

4 Passing two big construction stones (2m x 1m) 

5 Passing through a narrow passage between a tree and a ditch 

6 Passing over  a municipal yard 

7 Passing through narrow passage lined by sea container  

and wall 

8 Passing a brightly coloured fence 

9 Passing a sidewalk and a bench 

Smoke 

machine  

1 Smoke machine (0.5m diameter , Eurolite N-19, 700 Watt) 
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Table 1. (continued) 

Behavior 

score  

Description 

 

0 Horse completely relaxed; ears in relaxed position, forward pointing, 

neck relaxed, strides normal 

1 Horse a bit excited; ears pointing forward, neck slightly elevated, 

strides normal   

2 Horse a bit excited; ears pointing forward, neck elevated, horse not on 

the bit, strides normal   

3 Horse moderately excited; ears pointing forward, horse not on the bit, 

strides shortened   

4 Horse excited; ears pointing backwards, neck stretched, horse not on 

the bit, strides greatly short   

5 Horse very anxious; ears laid backwards, neck stretched, horse not on 

the bit, horse flees from object in trot or canter (minimally 5 strides)   

 

Reliability of the indoor arena test   

 

First, a pilot study was performed to determine the reliability of the indoor arena 

test. Six horses (not included in the main study; 11±6 years, two mares and four 

geldings) performed the indoor arena test twice with an interval of 8 hours. Three 

observers independently gave each horse an BS score per object and for total 

performance. Inter-observer-reliability (Taylor and Mills, 2006) of the indoor arena 

test (Spearman rank correlation) was high: observer I and observer II (r=0.775; 

P<0.001), observer I and observer III (r=0.809; P<0.001), observer II and observer III 

(r=0.851, P<0.001). Inter-test-reliability between the two test was good (r=0.615; 

P<0.001). It was concluded therefore that the arena test was a reliable assessment of 

behavioral reactions to challenging situations (Taylor and Mills, 2006; Visser et al., 

2002).   

 

Statistical analysis 

 

All data are given as mean ± sd. Means were calculated for all parameters per 

horse, per test and per week and compared between ‘experienced’ and 

‘inexperienced’ horses. A normal-probability-plot was used to check the residuals for 

normality. If the normality assumption did not hold, the data were log-transformed. 

Data of HR and HRV were analysed using a linear-mixed-effect model with horse as 

random effect and experience, test, week, test-week, test-experience, and age as 

fixed effects. This was used as the starting model. Akaike’s-Information-criterion 

(AICC) was used to see if this model could be reduced, if no further reduction was 

possible this was the final model. Terms in the final model were considered 

important. Results are presented in t-values as AICC was used; an effect size (t-value) 
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of  >2.00 (more than two times larger than the standard error) indicates a real 

difference.  

Non-motor HR can be defined as the additional increase in HR caused by other 

things than physical activity, i.e. emotionality reactivity (Visser et al., 2002). To correct 

for the physical activity during the tests, the HR and HRV of ‘normal walk’ were used. 

Non-motor HR and HRV were taken into account as a covariate of the model. BS and 

PPS data were analysed using a logistic regression with horse as a random effect and 

test and week as fixed effects (P>0.05). For statistical analysis the software programs 

(R: A Language and Environment for Statistical Computing, R Foundation for 

Statistical Computing, Vienna, Austria 2010) and (SPSS 17.0, IBM Company,  Illinois, 

USA)
 
were used. 

 

Results 

 

One of the test horses (horse 4) participated only in week-1, after which it 

returned to the owner. Horse10 did not participate in the street track and smoke 

machine tests in week-3, because it was on duty that day and in week 6, horse 3 and 

7 were sold to another police department. In week-7, only the indoor arena and 

outdoor track test could be performed because the next day, some horses had to 

perform at an abrupt riot duty.   

 

HR and HRV measurements 

 

Mean HR at the stall differed from normal walk (t=6.20), indoor arena (t=9.13), 

outdoor track (t=6.54), street track (t=6.06) and smoke machine tests (t=9.26). Mean 

HR at the indoor arena and smoke machine tests were significantly higher compared 

to normal walk (t=2.44 and t=3.50 respectively), outdoor track (t=2.83 and t=3.91 

respectively) and street track tests (t=2.48 and t=3.52 respectively). Mean HR of 

normal walk did not differ from the outdoor track and street track tests (Table 2).  

Unlike mean HR, mean HRV at the stall only differed from normal walk (t=3.08) 

and the indoor arena test (t=2.80). HRV of the indoor arena test was significantly 

lower than street track test (t=-2.78) but did not differ from the normal walk. 

However, street track and outdoor track were significantly higher than normal walk 

(t=3.06 and t=2.11 respectively) (Table 2). There was a significant correlation between 

mean HR and mean HRV at the stall (r = -0.468, P = 0.032), but there was no 

correlation during normal walk (supplementary material S1). There was no significant 

difference in non-motor HR and HRV between tests. 

 

BS and PPS measurements 

 

There was no significant difference in BS between tests or between individual 

horses (Table 2). However, increase in BS did not always correspond with an increase 

in HR or vice versa (Table 3). In contrary with BS, PPS differed significantly between 
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some of the tests; on average more horses received PPS of ‘not-pass’ during the 

smoke machine and indoor arena test compared to the other two tests (Table 2).  

 

Table 2: The effect of rest at stall, normal walk and four test-settings (indoor arena 

test, outdoor track test, street track test and smoke machine test) on the mean heart 

rate (HR; beats/min), heart rate variability (HRV; RMSSD in ms), behavior score (BS; 

scale; 0-5) and police performance score (PPS; scale 0-1) in twelve Dutch Warmblood 

horses during police training. Horses were evaluated at all tests in week 1, 3 and 7*; 

data presented were aggregated over these three time  points. 

 

   Four-test settings  

 At stall Normal 

walk 

Indoor 

arena 

test 

Outdoor 

track 

test 

Street 

track 

test 

Smoke 

machine 

test 

 

s.e.m.   

HR 57
a 

82
b
 98

c
 80

b
 81

b
 107

c
 2 

HRV 101.0
a 

32.6
b
 42.4

bc 
55.2

ac
 85.7

a
 62.8

abc 
5.8 

BS  n.d n.d 1.22
a 

0.81
a 

0.95
a
 2.64

a 
0.08 

PPS  n.d n.d 0.50
b 

0.16
a 

0.18
a 

0.73
c 

0.04 

RMSSD = root mean square of successive differences; n.d = not determined; s.e.m.= standard 

error of the mean. Different superscripts in a same line correspond to a significant difference 

(in HR and HRV data; T>2.00, in BS and PPS data; P<0.05) between tests. *Number of animals; 

first week; n=12, third week; indoor arena test and outdoor track test n=11, street track and 

smoke machine tests n=10 and seventh week; all tests n=9. 

 

Age and experience 

 

Age did not differ significantly between experienced and inexperienced horses. 

Age, experience, test repetitions and individual horses showed no significant 

interaction or influence on HR, HRV and BS data. The combined PPS of all tests and 

weeks was significantly higher (P=0.021) for the experienced horses compared to the 

inexperienced horses. 

 

Discussion 

 

Horses 

 

Authors are aware that the small sample size is a limitation of the study. However, 

difficulties in performing this study were huge; the willingness and openness of 

police departments to contribute to this research and the practical difficulty to 

schedule  horses free from their duties was not easy.  
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Table 3.The effect of rest at stall, normal walk and four test-settings (indoor arena 

test, outdoor track test, street track test and smoke machine test) on the mean heart 

rate (beats/min) and behavior score (0-5) of twelve Dutch Warmblood horses (six 

inexperienced horses and six experienced horses) during police training. Heart rate 

and behavior scores of horses did not always correlated with each other. To clarify 

data of tests in week 1 were presented in the table and behavior scores were 

indicated with different colours.  

Horse 

nr 

  Four test-settings Police 

experience At stall 

 

 

Normal 

walk 

 

 

Indoor 

arena 

test 

Outdoor 

track 

test 

Street 

track 

test 

Smoke 

machine 

test 

1 36 86 97 86 67 104 IE 

2 35 76 86 90 79 106 IE 

3 92 106 64 70 71 93 IE 

4 38 70 104 114 101 146 IE 

5 45 74 113 87 72 89 E 

6 36 73 120 77 67 152 E 

7 34 73 90 88 69 85 E 

8 35 72 151 92 68 73 E 

9 42 68 130 83 67 106 IE 

10 30 61 119 73 99 146 E 

11 42 72 74 82 74 83 E 

12 56 99 136 95 77 84 IE 

Police experience; E = experienced, IE = Inexperienced. 

BS=0;       BS=1;       BS=2;       BS=3;      ,BS=4;       BS=5;       

 

In the present study, age of the horses and the experience as a police horse did 

not show significant influence on physiological and behavioral responses of horses. 

This may have been due to the limit number of horses, or due to a bias in pre-

selection of the horses, as only visibly calm horses would ordinarily be selected for 

police training; no horses with high sensitivity or initial responses are offered for sale 

to the police. This was also shown by the moderate behavioral responses of horses 

during all tests and that some young and completely inexperienced horses coped 

well with the challenging situations during the police training test. This may suggest 

that experience as a police horse and age are not always the key factor in how police 

horses handle stress. The background training and the initial response or 

temperament of a horse may play a more important role in how horses respond to 

challenging situations (Visser et al., 2002). In addition, no habituation occurred during 

the test weeks, though horses tended to habituate during the first two weeks of the 

study, although after a four week interval outcomes were comparable with the first 

week. This may also be due to the fact that the initial response of a horse to a 

challenging object will influence whether habituation or sensitisation occurs 
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(McGreevy and McLean, 2010). In addition, a four week interval seems too long to 

sustain habituation.  

 

Physiological and behavioral responses 

 

For practical reasons, it was not possible to alternate the order of tests. However, 

authors do not think there was an order effect on the results, as the indoor arena and 

smoke machine test elicited the greatest responses and were performed as the first 

and last test.  

In horses, usefulness of HRV data and correlation with stress-related behavior 

seems to differ between studies (Munsters et al., 2012; Visser et al., 2002). At rest, 

there is a negative correlation between HR and HRV (Von Borell et al., 2007) which 

was confirmed in the current study. Parker et al. (2009) showed that the reliability of 

HRV data was good in stationary horses, but much less reliable when horses moved, 

this was also found in the present study: A significant increase in HR during tests was 

only partly mirrored in significant decrease in HRV data.  

The physiological and/or psychological status of the horse is related to HR and, as 

discussed earlier, it may be related to HRV. However, the psychological status is not 

always apparent in the visible behavior of the ridden horse (Munsters et al., 2012). BS 

showed no discriminative capacity between tests or horses, while HR, HRV and PPS 

were. This may suggest that police experts evaluated more factors than only behavior 

of the horse, as the PPS values correspond a little more with HR and HRV data of the 

horses compared to BS data. However, this lack of significant difference in BS may 

also be partly due the fact that the sample size was small in the present study. 

However, HR of horses was also not always correlated with their observed behavioral 

responses; some (“introvert”) horses with low BS had increased HR’s compared to 

other horses with the same BS during the same activity. This suggests that 

differences in “emotional reactivity of horses”, a term used by Visser et al. (2002). The 

use of nonmotor HR and HRV to correct for the physical activity and to elucidate the 

‘emotional reactivity’ of horses, did not make any difference. This may suggest that 

‘emotional reactivity’ is not always reflected well in the behavior of ridden horses. To 

maximise the welfare of police horses it is important that they are suitable for the job 

(Thomas, 2010). Therefore, it is important to distinguish between horses which were 

really calm and horses that seemed calm but had increased HR’s, suggestive of a 

stress related response (Visser et al., 2002). Therefore, HR measurements may provide 

useful complimentary information to assess horses with moderate behavioral 

responses, like police horses.  

On average horses experienced lower levels of stress during the tests of the 

present study compared to other studies using novel object tests (McGreevy and 

McLean, 2010). This may be partly due to the fact that all horses were allowed to 

perform attention and exploration behavior when encountering the challenging 

objects. Therefore, horses had  sufficient time and space to choose its behavioral 

response. This is associated with a more positive learning experience, shown by more 
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explorative behavior towards the challenging objects, than when horses were more 

restricted in their behavioral responses (Baragli et al., 2011).Therefore, it is concluded 

that police horses overall experienced relatively low amounts of stress during these 

police training tests (some tests were not more stressful than riding at normal walk). 

Since these tests reflect partly normal police work, it is suggested that this kind of 

police work is not significantly stressful for horses and it would have no negative 

impact on the horse’s welfare.  

 

Future implications 

 

Three of tests in the present study, are used for the selection of police horses in 

the Netherlands. During the selection of police dogs, three behavioral tests, which 

resembles work of a police dog, can predicted 81.7% of unsuccessful police dogs and 

91,7% of successful police dogs using behavior and performance scores (Slabbert 

and Odendaal, 1999). It would be interesting to investigate in more detail how 

behavioral and physiological measurements of horses may contribute towards a 

more objective selection of suitable police horses. Further, selection of a police horse 

is now primarily based on behavioral responses during regular street patrol work 

(outdoor track and street track test), which elicits no more responses from horses 

than during normal walk and is consequently not an optimal parameter. The indoor 

arena and smoke machine tests elicited the greatest responses and may be therefore 

more useful to discriminate between individual horses and useful as a selection 

criteria.  

Furthermore, horse-rider interaction is important to maintain mental calmness in 

horses throughout their careers and to avoid behavioral problems and wastage later 

on (McGreevy and McLean, 2010). The study of Munsters et al.(2012) showed that the 

interaction between horse and rider is important for the amount of stress horses 

experience encountering challenging objects. Therefore, evaluation of horse-rider 

interaction may be useful in further research. 

In conclusion, no habituation occurred during the test weeks and experience as a 

police horse seems not a key factor in how these horses handle stress. All horses 

showed only modest  behavioral responses and HR may provide complimentary 

information for individual evaluation and welfare assessment of these horses. Overall, 

little evidence of stress was shown during these police training tests and since these 

tests resemble normal police work, it is suggested that this kind of police work is not 

significantly stressful for horses. 
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Appendix A. Supplementary data 

 

Table S1. Correlations between mean heart rate (HR; beats/min) and heart rate 

variability (HRV; Root mean square of successive differences; RMSSD in ms) of eleven 

Dutch Warmblood horses; measured at the stall and at normal walk during the first 

week and third week of police training.  

 

 HR-stall HR-walk HRV-stall 

Correlation p-value Correlation p-value Correlation p-value 

HR-walk r=0.793 <0.001*** - - - - 

HRV-stall  r=-0.468 0.032* r=-0.398 0.074 - - 

HRV-

walk  

r=-0.266 0.244 r=-0.295 0.350 r=0.215 0.350 

*, **, *** 
p < 0.05, P<0.01, P<0.001 significantly different compared to HR or HRV measurements 

at the stall or at walk. 

 

 

Table S2. Mean heart rate (beats/min), heart rate variability (RMSSD; ms) and 

behavior score (scale 0-5) of twelve Dutch Warmblood horses in police training 

assessed in four test-settings; indoor arena test, outdoor track test, street track test 

and smoke machine test. Horses were assessed by two experienced police trainers as 

‘suitable’ police horses and ‘less suitable’ police horses 

 

 Heart rate Heart rate variability Behaviour score  

 Suitable 

 

Less 

suitable 

Suitable 

 

Less 

suitable 

Suitable 

 

Less 

suitable 

At the stall 

 

53 62 115.5 78.3 n.d n.d 

At normal walk 

 

78 90 8.6 38.9 n.d n.d 

Indoor arena 

test 

96 101 35.0 54.7 1.20 1.25 

Outdoor track 

test 

81 79 63.2 41.8 0.80 0.83 

Street track 

test 

81 81 91.9 76.7 0.85 1.11 

Smoke  

machine test 

103 114 88.7 25.3 2.62 2.67 

s.e.m 3 4 7.9 8.3 0.10 0.14 

RMSSD = root mean square of successive differences; n.d = not determined; s.e.m.= standard 

error of the mean.   

 



Chapter VII 

 

128 

Figure S3 a,b,c,d. Illustration of the challenging objects of the ‘indoor arena test’; a) 

object 1; a red ball, 1m diameter; b) object 2; two coloured parasols, 1.5m diameter; 

c) object 3; over a mattress, 0.8x1.80x0.1m; d) object 4; through a narrow space lined 

by two waving flags, 0.5x1x3m.   

     

 a)  b) 

 c)  d) 
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Abstract 

 

Quantifying and evaluating police work is essential to avoid behavioural problems, 

minimise wastage and maximise welfare of police horses. Behavioural and 

physiological measures were used to assess the workload and/or stress police horses 

experience during police work. Further, the influence of the rider on the fear 

response and heart rate of the horse was studied. Nine police horses were evaluated 

during transport, riot control training and night patrols. Outcome parameters were 

mean and peak heart rates (HR, beats/min), plasma lactate concentration (LA, 

mmol/L) and behaviour score (BS, 1–10).  

Data were analysed using a linear mixed model test (P < 0.05). During transport, 

peak HR differed between horses that were indicated as ‘stressed’ (116 ± 25 

beats/min) and ‘non-stressed’ (79 ± 16 beats/min, P = 0.032) during transport. Riot 

control training workload was 348 ±30 min at a mean HR of 80 ± 11 beats/min and 

LA < 0.8 mmol/L and night patrols workload was 198 ± 48 min at a mean HR of 51 ± 

7 beats/min. Horses experienced fire exercise (mean HR, 104 ± 18) and individual 

seclusion exercise (mean HR, 151 ± 17) as the most stressful events. During individual 

seclusion mean HR was significantly lower when the rider could control a horse’s fear 

responses (146 ± 14 beats/min) than when not (170 ± 16 beats/min, P = 0.004). BS 

differences were too small to discriminate between training scenarios. However, 

individual horses differed significantly (mean HR, P < 0.001; BS, P < 0.001) and 

consistently between scenarios.  

The workload and stress of police horses are low compared with those of horses 

in equine sports and probably do not cause behavioural problems and wastage. 

However, the rider’s control over a horse’s fear response seems to be important in 

the stress, ridden horses experience during challenging situations. 
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Introduction 

 

Police horses are mainly used to monitor metropolitan areas and for specialised 

duties like managing riots, where the horses serve to control crowds and deter 

violence. Police horses must be able to remain calm in challenging and unpredictable 

situations, such as fires and tumultuous crowds (Thomas, 2010). Horses are fight and 

flight animals, meaning that the horse’s fear response may be active or passive 

(McGreevy and McLean, 2010). However, working as police horses they must learn to 

stay as calm as possible and remain under a rider’s control, regardless of sometimes 

extreme external stimuli, for the safety of the public, police officers and themselves 

(McGreevy and McLean, 2010). 

Keeling et al. (1999) showed that many serious human injuries during interactions 

with horses occur due to unexpected fear reactions of the horses. The fear response  

of a horse, which can originate from a single experience (McGreevy and McLean, 

2010), can never be completely erased and may return spontaneously with little  

provocation (Le Doux, 1994). Therefore, fear reactions need to be avoided at all costs 

during horse training (McGreevy and McLean, 2010). Apart from reducing the 

suitability of the horses for the intended use, uncontrolled fear reactions cause 

accidents, behavioural problems and/or wastage that have a severe negative impact 

on horse welfare. Furthermore, horse–rider interaction; an individual horse’s 

temperament, history and learning abilities; and rider skills and experience play 

important roles in preventing behavioural problems (Thompson and von Hollen, 

1996; Ödberg and Bouissou, 1999; Warren-Smith and McGreevy, 2008).  

Limiting stress and fear responses in police horses and keeping them calm are real 

challenges throughout  their careers. To our knowledge no studies have been 

published thus far on the workload and/or stress police horses experience during 

police work. To accurately assess the amount of stress horses experience, the use of 

behavioural and physiological measures is indicated (Manteca and Deag, 1993). 

Scoring of evasive behaviours and heart rate has been shown to be both feasible and 

useful for predicting and interpreting horse responses to challenging situations 

(Graaf-Roelfsema et al., 2006; Hawson, 2012; Sloet van Oldruitenborgh-Oosterbaan et 

al., 2006; Visser et al., 2008a,b; Von Borstel et al., 2009; Munsters et al., 2012). To 

distinguish between an increase in HR caused by physical activity compared with 

emotional reactivity (Baldock and Sibly, 1990; Visser et al., 2002), the workload of  

horses has to be evaluated simultaneously. For this purpose, the HR–work (speed) 

relationship reflecting physical activity (Kingston et al., 2006) and the post-exercise 

LA concentration reflecting the workload performed by the horse (Sloet van 

Oldruitenborgh-Oosterbaan et al., 1994) can be used.  

The aim of the study was to assess workload and stress of police horses during 

night patrols and riot control training, using HR (beats/min), speed (m/s), LA 

concentration (mmol/L) and behaviour score (BS) as parameters. Further, the 

influence of the rider on the fear response and heart rate of the horse was studied. 

All horses were also measured during road transport, to assess if a subjective opinion 
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indicating horses as ‘stressed’ or ‘non-stressed’ during road transport could be 

supported with a more objective measurement like HR.  

 

Materials and Methods 

 

Horses and riders 

 

Nine Dutch Warmblood police horses were used (12 ± 4 years, three mares and 

six geldings) of the Eindhoven Police Department, the Netherlands. All horses were  

privately owned sport horses trained to novice or medium level before they became 

a police horse. The horses were experienced in police work (7.4 ± 3.5 years of service)  

and were used two to three times per week for 2–5 h of patrol work. On the days the 

horses were not on patrol they were exercised for 1 h. All horses were housed in 

individual stables with straw bedding. Access to water was unlimited, and they were 

fed individually. Horses had been ridden for more than a half-year by the same police 

officer and each of these officers had completed a 4-month training course.  

The Animal Ethics Committee of Utrecht University concluded that the proposed 

study did not need ethical approval because it did not qualify as an animal 

experiment under Dutch law and police horse owner’s consent was obtained for all 

horses to participate in the present study.  

 

Set-up  

 

Different scenarios for police horses were studied: transport, riot control training 

and night patrols. Riot control training is far more intense and extreme compared to 

riot management during normal police work. Also, ‘club nights’ are more intense 

than normal night patrols. Thursday, Friday and Saturday night are determined as 

‘club nights’, since on these nights the dance clubs, bars and other entertainment 

facilities receive the most visitors compared to other nights of the week. All other 

normal police work is less intense compared to the evaluated night patrols and riot 

control training. All scenarios were standardised as much as possible (Table 1). 

Horses were transported in a three-horse van to the riot control training location. 

Speed of the vehicles was adjusted to the maximum allowed speed. All horses were 

positioned side by side, riding backwards. Horses were indicated by the principal 

police trainer as ‘stressed’ during road transport (horse was excited before and/or 

during transport) or ‘non-stressed’ (horse was calm before and during transport) to 

assess if the subjective opinion of the principal police trainer could be supported with 

a more objective measurement like HR.  

During riot control duty and training horses work in squads of six horses and train 

set movements (in a line) in walk, trot or canter. Two days of riot control training in 

total were used to evaluate all horses. One day of riot control training consisted of 

three scenarios: Training I (without riot control division, including fire and seclusion 

of a single horse), Training II (with riot control division) and Training III (with riot 
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control division in simulated city) (Table 1). A riot control division is a dedicated 

division of a police department which deals with public order situations and the 

control of riots. This special division consists of 44 elite policemen (selected and 

trained for riot control duties), four riot control vehicles, four police dogs and six 

police horses. During night patrol duty, horses work in pairs. Horses were evaluated 

on five so-called club nights (Thursday) in the longest entertainment street in the 

Netherlands (with 35,000 visitors each weekend).  

 

Heart rate and plasma lactate concentration measurements  

 

During all scenarios horses were equipped with a HR monitor, Polar-RS800 (Polar 

Electro), recording HR (beats/min) at 12 Hz and simultaneously recording speed (m/s) 

with an integral GPS system (Kingston et al.,2006). Heart rate monitors contained two 

soft-cotton like transmitters enclosing the electrodes. One electrode was placed 

under the girth behind the left elbow, the other was placed under the saddle at the 

left withers (Sloet van Oldruitenborgh-Oosterbaan et al., 1988). To optimise contact, 

electrodes and skin were wetted with water.  

Plasma LA concentration (mmol/L) was measured with a portable handheld LA 

measurement device (Lactate Pro, Arkray, KDK Corporation) (Sloet van 

Oldruitenborgh-Oosterbaan et al., 2008). Samples were taken from the jugular vein at 

rest, within 5 min after transport and within 5 min after riot control training I and riot 

control training III. LA levels below 0.8 mmol/L were below the detection limit and 

were set at 0.8 mmol/L (minimum LA). Samples for LA were not taken after night 

patrol and riot control training II, because of the low workload and to limit blood  

sampling. During all training sessions, horses were videotaped continuously with a 

video camera (JVC; HD, Everio). 

 

Behaviour score 

 

After completion of the training scenarios, a BS for each horse for each training 

(including the sub-items standing still, walking, trotting and cantering) was given by 

the first author on a scale between 0 (completely relaxed) and 10 (very anxious) 

adapted from Visser et al. (2010) and Munsters et al. (2012) (Table 2). To blind the  

behavioural scores as much as possible, observations were done three months after 

the behaviour sample collection in randomised order. A mean BS for the entire 

training was calculated for each horse. 

 

Horse-rider interaction assessment 

 

Two experienced external observers assessed the horse–rider interaction during 

excessive fear responses of the horse (BS > 6) by dichotomous scoring: 0 = the rider 

was able to restrict the initial fear response of the horse by supporting it with 

consistent, gentle signals (giving the horse calmly and mildly cues; Munsters et al., 
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2012) and managed to keep the horse as calm as possible, or 1 = the rider clearly 

failed to minimise fear response of the horse or even exacerbated fear response. In 

the latter situation, the rider’s reaction towards the horse was delayed, and the 

horse’s attempt to escape manifested in sudden break-out or flight response 

(McGreevy and McLean, 2010; Munsters et 192 al.,2012). Mean HR was evaluated at 

the moment of successful management of fear response or at the moment of failure 

to do so.  

 

Table 1. Description of scenarios that were investigated. 
a 

Scenario   Crowd  Riot div.* Location  Objects Picture 

 

Transport 

 

- 

 

- 

 

- 

 

- 

 
Riot control training     

  I. Without riot div. Trainer + 

max. 10 

volunteers 

controlled 

No, only 

6 police 

dogs 

Outdoor 

riding 

arena 

Large banner, 

swinging small 

containers 

 
    Fire training With 

trainer,  

no crowd 

No On the 

streets 

Fire, smoke 

and  

tear-gas 

 
    Seclusion horse With 

trainer, 

no crowd 

No  In outdoor 

riding 

arena 

Seclusion with 

large banner 

and challenged 

with object 
 

  II. With riot div. No trainer;  

> 100 

people 

controlled 

Yes 

complete 

division 

On the 

streets 

Crowd 

throwing 

wooden bricks  

 

  III. With riot div. 

       in city 

No trainer;  

> 100 

people 

controlled 

Yes 

complete 

division 

In 

simulated 

city 

Crowd 

throwing  

wooden bricks 

 

Night patrol No trainer; 

>100 

people no 

control 

No  Entertain-

ment street 

in city  

Live concert, 

loud music 

 
* Riot Div = Riot control division. 
a 

Crowd: controlled or partly controlled volunteers who were acting like hooligans. Riot control 

division is a dedicated division of a police department which deals with public order situations 

and the control of riots. This special division consists of 44 elite policemen (selected and 

trained for riot control duties), four riot control vehicles, four police dogs and six police horses. 
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Being separated from the group in a challenging and unpredictable situation is a 

severe social challenge and is likely to trigger excessive fear responses in a single 

secluded horse (McGreevy and McLean, 2007). Seclusion is used in training to 

evaluate how individual horses and riders react in stressful situations and to train 

riders how to handle challenging situations. Horse’s response towards this stressful 

situation is assessed by measuring HR and BS (Munsters et al., 2012). Rider’s 

response in this stressful situation is evaluated by two observers using the video 

recording of this test, giving the rider’s response a dichotomous score as described 

above. The horse and rider ride away from the group of police horses and are 

standing still in a corner of the outdoor arena (100 m from the other horses), whereas 

a handler recluses the horse and rider in the corner, using a large banner (Table 1). 

Then the principal police trainer approaches the horse in the seclusion with a 

challenging object (plastic can) for one minute. This kind of seclusion almost never 

occurs during normal police work, but is trained since it could happen that some 

hooligans want to separate a single horse from the group. 

 

Data processing and statistics 

 

All data are given as mean ± SD. Before processing, all HR data were checked 

visually for artefacts. For each training scenario (I–III) and night patrol, mean HR, BS 

and speed were calculated. Trainings I–III and night patrols were analysed for the 

time spent for standing still (0 m/s), walking (1.2–1.8 m/s), trotting (1.8–5.0 m/s) or 

cantering (5.0–9.0 m/s) (Marlin and Nankervis, 2002). Mean HR and BS were 

calculated per training and per physical activity within each training session (standing 

still, walking, trotting and cantering).  

Data were analysed using a general linear model with the horse as a random 

effect and the training scenarios and horse–rider interaction as fixed effects. A normal 

probability plot was used to check the residuals for normality. If the normality 

assumption did not hold, the data were log transformed. Mean HR and peak HR 

during transport were analysed using a Student t-test. Differences between individual 

horses in the training sessions were analysed with a Friedman test. Spearman rank 

correlation was used to calculate the inter-observer reliability. For statistical analysis 

R: A language and environment for statistical computing (R Team: R Foundation for 

Statistical Computing) was used. 

 

Results 

 

General results 

 

Ambient temperature during the riot training was the first day 16 ◦C with 67% 

humidity (relative humidity logger; Silva ADC pro) and the second day 20 ◦C with 63% 

humidity. Temperature during night patrols varied between 6 and 10 ◦C. The amount 
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of time horses cantered was very low (0–1.3%); therefore, trotting and cantering were 

aggregated. 

 

Table 2. Behavioural scores used for the different scenarios. 
a
  

 

Score Behaviour 

0 Horse is completely relaxed, ears in relaxed position and forward pointing, 

neck relaxed, strides normal  

1 Horse is relaxed, ears pointing forward, neck relaxed, strides normal 

2 Horse is mildly excited, ears pointing forward, neck a bit elevated, strides 

normal  

3 Horse is mildly excited, ears pointing forward, neck elevated, strides normal  

4 Horse is mildly excited, ears pointing forward, neck elevated, the horse is 

not on the bit, strides normal  

5 Horse is moderately excited, ears pointing forward, neck elevated, the horse 

is not on the bit, looks sideways (at the object), strides normal  

6 Horse is moderately excited, ears pointing forward, the horse is not on the 

bit, strides shortened  

7 Horse is excited, ears pointing backwards, the horse is not on the bit, horse 

shies away from the object, strides shortened  

8 Horse is excited, ears pointing backwards, the horse is not on the bit, horse 

shies away from the object, strides considerably shortened  

9 Horse is anxious, ears laid backwards, the horse is not on the bit, flees from 

object or goes backwards  

10 Horse is very anxious, ears laid backwards, the horse is not on the bit, flees 

from object in trot or canter (minimum of five strides)  
a 
Adapted from Visser et al. (2010) and Munsters et al. (2012). 

 

Transport 

 

Two horses were indicated by the principal police trainer as ‘stressed horses’ 

during transport. The duration of transport was 162 ± 30 min. All horses had LA 

below 0.8 mmol/L before and after transport. The mean HR of horses during 

transport was 37 ± 4 beats/min with an average peak HR of 87 ± 23 beats/min. There 

was a trend shown that mean HR of stressed horses during transport was higher (42 

± 4  beats/min) than mean HR of other horses (36 ± 3 beats/min, P = 0.075). Peak HR 

was significantly higher in the two stressed horses during transport (116 ± 25 

beats/min) compared to the seven other horses (79 ± 16 beats/min, P=0.032) (Fig. 1). 

 

Riot control training 

 

The mean duration of the total riot control training was 348 ± 30 min, whereas 65 

± 3% of the time horses were standing still. Mean HR of horses was 80 ± 11 
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beats/min with mean LA concentrations below 0.8 mmol/L and average BS of 1.4 ± 

0.9. During the total riot control training, horses performed 33 ± 11 set movements 

at walk and 92 ± 6 set movements at trot or canter (Table 3).  

The duration of the riot control Training I; ‘without riot control division’ was 78 ± 

0 min, causing a mean HR of 99 ± 12 beats/min, a mean BS of 1.8 ± 1.0 and a mean 

LA concentration of 1.6 ± 1.6 mmol/L. The two separate sub exercises during riot 

control training I, the fire exercise and the seclusion of a single horse had a duration 

of 2.0 ± 0 and 1.8 ± 0 min respectively, causing a mean HR of 104 ± 18 and 151 ± 17 

beats/min respectively with a mean BS of 2.8 ± 0.7 and 5.6 ± 2.3 respectively (Table 

3).  

The duration of riot control training II; ‘with the riot control division’ was 78 ± 0 

min, causing a mean HR of 84 ± 12 beats/min and a mean BS of 1.2 ± 0.8. The 

duration of riot control training III; ‘with riot control division in the city’ was 192 ± 30 

min, whereas horses were standing still for 79 ± 6% of the time, causing a mean HR 

of 71 ± 11 beats/min, mean BS of 1.6 ± 0.7 and mean LA concentrations below 0.8 

mmol/L (Table 3). 

 

Night patrols 

 

The night patrols had a mean duration of 198 ± 48 min, causing a mean HR of 51 

± 7 beats/min and a mean BS of 1.0 ± 0.5. During this scenario, horses were standing 

still for 68 ± 5% of the time, performing 1 ± 1 set movements at walk and 2 ± 1 set 

movements at trot or canter (Table 3). HR and BS of each training session and 

physical activity were not related to sex, age, or years of service.  

 
Fig 1. Heart rate (HR; beats/min) during transport of two individual police horses; one 

horse (horse 3) was stressed during transport (black straight line) and one horse 

(horse 9) was non-stressed during transport (grey dotted line).  
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Physical activity 

 

During night patrols, mean HR was significantly the lowest when horses were 

standing still (44 ± 6 beats/min, P < 0.001), walking (69 ± 15 beats/min, P < 0.001) 

and trotting/cantering (82 ± 27 beats/min, P < 0.001), compared to all other 

scenarios (Fig. 2). At riot control training I; ‘without riot control division’, mean HR 

when horses were standing still was significantly the highest (81 ± 11 beats/min, P < 

0.001) compared to all other scenarios. During riot control training III; ‘with riot 

control division in city’ horses had significantly lower mean HR during 

trotting/cantering (107 ± 14 beats/min, P = 0.003), than at riot control training I (119 

± 41 beats/min, P = 0.003) and riot control training II (123 ± 14 beats/min, P = 0.026) 

(Fig. 2).  

Mean BS while standing still, walking or trotting/cantering were the highest in riot 

control training I and the lowest during the night patrols, but were not significantly 

different from other training scenarios (Fig. 3).  

 

Individual horses 

 

Mean HR and mean BS of individual horses were used to evaluate their reactions 

to the different training scenarios (transport, riot training and night patrols) 

(Friedman test). Individual horses differed significantly in HR (P < 0.001) and BS (P < 

0.001) from each other and these differences were consistent over the scenarios 

(supplementary data shows the rank numbers of different training scenarios). Horses 

with a higher HR in transport or one training scenario had often a higher HR in more 

or all trainings compared to other horses and vice versa (Table 4).  

 

Horse–rider interaction 

 

Excessive fear responses occurred only during the seclusion of an individual horse; 

riders were on average 3 ± 1 times more likely to be unable to attenuate this fear 

response. Inter-observer reliability between observers evaluating horse–rider 

interaction was high (r = 0.894, P < 0.001). Mean HR was significantly higher when 

the rider could not quell the fear response of the horse or even exacerbated it (170 ± 

16), compared to when the rider was able to calm the horse (146 ± 14, P = 0.004). 

 

Discussion 

 

The workload of police horses was low during training scenarios and police horses 

appeared to experience relatively low amounts of stress during riot control training 

and night patrols. Horse–rider interaction seems to be important in the stress 

experienced of horses during challenging situations. Police horses showed mainly 

moderate behavioural responses to the challenging situations and heart rate may 

provide additional information in those situations.  
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Table 3. Total duration, mean speed (m/s), mean heart rate (HR; beats/min), mean 

plasma lactate concentration (LA; mmol/L), mean behaviour score (scale 0-10) and 

percentage of the mean time horses were standing still, walking, trotting and 

cantering and the frequency of set movements at walk, trot and canter of nine police 

horses during transport, riot control training and night patrols. Mean ± sd.  

 

Training Transport Total 

RCT* 

RCT-

I 

Fire Seclusion RCT-

II 

RCT-

III 

Night 

patrol 

Duration (min) 162 

±30 

 

348 

±30 

78 

±0 

2.0 

±0 

1.8 

±0 

78 

±0 

192 

±30 

198 

±48 

Speed (m/s) - 0.8 

±0.1 

 

1.3 

±0.1 

0.7 

±0 

0.7 

±0 

1.1 

±0.1 

0.5 

±0.1 

0.5 

±0.1 

HR (beats/min) 37 

±4 

80 

±11 

 

99 

±12 

104 

±18 

151 

±17 

84 

±12 

71 

±11 

51 

±7 

BS (1-10 scale) - 1.4 

±0.9 

 

1.8 

±1.0 

2.8 

±0.7 

5.6 

±2.3 

1.2 

±0.8 

1.6 

±0.7 

1.0 

±0.5 

LA (mmol/L) < 0.8 

±0 

< 0.8 

±0 

 

1.6 

±1.6 

- - < 0.8 

±0 

< 0.8 

±0 

< 0.8 

±0 

Standing still (%) 100 

±0 

65 

±3 

 

43 

±3 

- - 58 

±2 

79 

±6 

68 

±5 

Walk (%) - 20 

±1 

 

32 

±3 

- - 20 

±4 

13 

±4 

29 

±5 

Trot (%) - 15 

±3 

 

24 

±5 

- - 21 

±2 

8 

±2 

2± 

±1 

Canter (%) - 1 

±0 

 

1 

±1 

- - 1 

±1 

0 

±0 

0 

±0 

Set movements 

walk (n) 

- 33 

±11 

 

7 

±6 

- - 6 

±2 

18 

±9 

1 

±1 

Set movements 

trot/canter (n) 

- 92 

±6 

31 

±1 

- - 31 

±4 

22 

±4 

2 

±1 

* RCT = Riot control training. RCT-I= Riot control training-I; without riot control division 

including; Fire exercise and seclusion of a single horse. RCT-II= Riot control training-II; with riot 

control division and RCT-III=Riot control training-III; with riot control division in the city.  
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Table 4. Mean heart rate (HR; beats/min) of individual police horses during transport, 

riot control training and night patrols. In each training scenario average mean HR was 

calculated; horses with a higher than average mean HR are indicated in boldface and 

horses with a lower than average mean HR are indicated in lightface. 

 

Training  

 

Horse 

1 2 3 4 5 6 7 8 9 

Transport 33 37 44 39 34 38 39 40 32 

Riot control training 83 77 84 77 62 70 95 95 79 

I. Without riot control 

division 

119 100 103 97 74 90 107 103 95 

         Fire 105 104 114 92 68 98 125 126 103 

         Seclusion 138 129 144 165 130 147 170 175 161 

II. With riot control division 87 78 87 76 64 73 100 101 91 

III. With riot control   

     division in city 

68 67 76 67 57 61 87 89 66 

Night patrol 42 57 48 59 41 55 45 56 57 

 

 

 

 

 

 
 

Fig 2. Mean heart rate (HR; beats/min) of nine police horses when standing still, 

walking and trotting/cantering, and during transport, riot control training (and mean 

of sub-items; training scenarios I, II and III) and night patrols.  
a
P < 0.05 significantly different compared to training III and night patrol. 

b
P < 0.05 significantly different compared to all other training scenarios 
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Fig 3. Mean behaviour score (BS; scale 0–10) of nine police horses when standing still, 

walking and trotting/cantering, and during transport, riot control training (and mean 

of sub-items; training scenarios I, II and III) and night patrols. 

 

Authors are aware that the small sample size of horses is a limitation of the study. 

However, difficulties in performing this study were huge; police departments had to  

be willing and transparent in their methods and training to contribute to this 

research, to standardise and control the riot control training sessions and to evaluate 

horses and riders during riot control training and night patrols. It was therefore not 

possible to include more horses (and more riot control divisions; as six horses are 

part of a riot control division of 44 police men) in the study to increase the sample 

size of the study.  

 

Transport 

 

HR measurements did support the subjective opinion of a ‘stressed’ or ‘not 

stressed’ horse during transport. Though, it was only the opinion of a police expert 

and this may have biased the results as the data were subjectively evaluated by one 

person. This was a first attempt to evaluate if a subjective opinion about stress during 

road transport could be supported by more objective measurements and further 

research is warranted to investigate this in more detail. Schmidt et al. (2010a,b) 

reported that naïve horses seemed to experience more stress during road transport 

compared to experienced horses. However, all horses in the present study were 

experienced travellers. Therefore, it is suggested that the HR of horses, including 

those that are experienced, could indicate the tendency to become stressed and 

might be used to maximise the welfare of horses during transport.  
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Evaluation of heart rate, behaviour and plasma lactate concentrations 

 

To distinguish between an increase in HR caused by physical activity and an 

increase in HR due to emotional reactivity (Baldock and Sibly, 1990; Visser et al., 

2002), only the HRs of horses during identical physical activity were compared. The 

present study showed that HR was consistently the lowest during all physical 

activities (standing still, walk, trot/canter) of the night patrols, which constituted one 

of the horses’ main work activities. It has been suggested that habituation leads to a 

substantial decrease in stress (McGreevy and McLean, 2010). The HR of horses when 

standing still was the highest during riot control training I, but the increase was still 

relatively low (on average 21 beats/min; having a mean HR of 81 beats/min) 

compared to horses which were aroused on purpose to elicit a stress response in the 

study of Warren-Smith et al. (2007). When the same set of movements were  

conducted in the streets, horses were much calmer (in riot control training II and riot 

control training III). This confirms that if training circumstances change, horses may 

experience more stress (Christensen et al., 2008b; McGreevy and McLean, 2007, 

2010). However, the horse’s ability to cope with a modification in the expected 

patterns, is important to be successful in police work as work circumstances for a 

police horse change continuously (different duties, cities and different scenarios).  

In the present study, BS differences were too small to discriminate between 

training scenarios. Because HR values were also low, concluding that horses did not 

experience much stress during these training sessions. Further, police horses are 

selected for calmness (low initial response) and trained  (habituated and/or 

desensitised) to show non-violent behavioural responses to challenging objects 

(McGreevy and McLean, 2010). Visser et al. (2008b) found that mature ‘schooled’ 

horses reacted less to some features of behavioural tests compared younger animals 

which tend to run away, whereas older horses are taught not to run away, even when 

afraid. Consequently, it is not surprising that police horses in the present study only 

showed sometimes a stronger behavioural response towards the extra challenging 

situations (fire and seclusion). It is possible that the behavioural recording methods 

used in the present study were not sensitive enough to elucidate this response in the 

behaviour of the horse. However, a 11-point numeric rating scale should be sensitive 

enough and it seems that sometimes ridden horses, especially police horses, have 

learned not to express stress responses through their visible behaviour (Munsters et 

al., 2012; Visser et al., 2008b). It may be possible that ridden horses, which are not 

always able to express their responses because they are under the control of the 

rider, or have learned not to respond under the control of the rider, can show stress 

as we can find by measuring the heart rate, but these horses fail to show a clear 

‘outside shown’ behavioural response because of learned behaviour. This may be in 

contrary with horses which are not ridden and able to freely move around. If true, it 

seems that HR adds information regarding the physiological and emotional state of a 

horse and may be a more discriminative parameter in situations in which (police) 

horses only express moderate behavioural responses (Munsters et al., 2012). 
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Nevertheless, BS and HR both differed between individual horses. Some horses 

always had low HR and BS during various training scenarios and others always had a 

high HR and BS. This is in accordance with earlier studies (Visser et al., 2002). There is 

thus a clear individual variation in the perception of similar situations. Evaluating HR 

and BS of individual police horses during normal training and challenging situations 

may help to clarify which horses have the least amount of stress during these 

challenging situations (low HR and low BS) so these horses may be the most suitable 

for police work.  

The average workload of police horses appeared to be low compared to sport 

horses (Marlin and Nankervis, 2002); police horses were standing still most of the 

time and trotted or cantered only during brief time periods. This low average 

workload was also reflected in the low plasma LA concentrations after exercise.  

In the study of Warren-Smith et al. (2007) horses were aroused when standing still 

to elicit a stress response, until their HR exceeded 100 beats/min. In the study of 

Visser et al. (2008a,b), the mean HR of horses during a novel object test was 128 

beats/min. In all training scenarios (except seclusion) of the present study, mean HRs 

were much lower. Therefore, we concluded that police horses overall experience 

relatively low amounts of stress during riot control training and night patrols and that 

these aspects of their work have no negative impact on welfare. In addition, the 

scenarios evaluated in the present study are the most extreme ones in mounted 

police work. All other police work are far less intense and are therefore likely to be 

even less compromising for the horses’ welfare.  

 

Horse–rider interaction 

 

HR and BS of horses were the highest during the seclusion of single horses with a 

challenging object. Since seclusion is a severe social challenge (McGreevy and 

McLean, 2007), being in pairs or in squads of six horses incorporates herd instinct 

and bonding and helps police horses cope with their work (Feh, 2002; Waring, 2002; 

Sighieri et al., 2003; Christensen et al., 2008a). During seclusion training HR was 

significantly lower when the rider was able to manage and mitigate the horse’s fear 

response compared to when the rider was not able to do so or even exacerbated the 

horse’s fear response. Keeling et al. (1999) and Munsters et al. (2012) have shown 

that a rider can induce stress in a horse, which is reflected in the horse’s HR. This 

induced nervousness can potentially lead to dangerous fear reactions of the horse 

(Von Borstel et al., 2007). The increase in HR and flight behaviour of the horse is an 

indication of conflict within the horse between the stimuli provided by the rider and 

the stimulus of the challenging object and/or seclusion. The rider has lost stimulus 

control of the horse (McGreevy and McLean, 2010). It seems that the rider is 

delivering inconsistently cues to the horse, which may provoked the flight behaviour 

and increase in HR of horses. However, it cannot be excluded that insufficient training 

of the horse and horse temperament play an important role in the occurrence of this 

fear response (Hawson, 2012; Munsters et al., 2012). 
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Wastage and behavioural failure in police horses are problems in the Netherlands 

and elsewhere (Thomas, 2010). The present study suggests that these problems are 

most likely not caused by the workload and stress of police work or training, but may 

be related to limited skills of the riders (Warren-Smith et al., 2007; Keeling et al., 

1999; Munsters et al., 2012). This limitation of the rider’s skills may be due to the fact 

that, firstly, mounted police officers in the Netherlands have to do many years of 

street duty before they are allowed to take riding lessons and join the mounted 

police force. So, riders are selected on the basis to become a specialised police 

officer for the riot control division. Later on, some of them are selected to become a 

mounted police officer (mounted police officers are always a part of the riot control 

division). This leads to the fact that most of the mounted police officers are no 

experts in horseback riding or have clear understanding of the horse’s behaviour. As 

shown in this study, this can become a problem when situations are more 

challenging and when some riders give inconsistent cues to a horse. Horses that 

receive unclear cues are apt to demonstrate hyper-reactivity and conflict behaviours 

(McLean, 2006). Better trained riders (Von Borstel et al., 2007) and riders who are 

capable of working in harmony with their horses (Munsters et al., 2012) evoke less 

stress. Therefore, the response of a horse on a rider’s cue may need to be more 

strongly emphasised in the training of police officers that ride the horses. This 

instruction must also be part of the rehabilitation process of the horse and rider if 

problems have arisen. Further research into how to measure horse–rider interaction, 

police horse training and the occurrence of  behavioural problems related to police 

work seems warranted. 

 

Conclusion 

 

The workload of police horses is low compared to that of sport horses, and they 

experience relatively low amounts of stress during riot control training and night 

patrols. However, horse–rider interaction seems to be important in the stress 

experienced of horses during challenging situations. The use of BS to assess stress in 

ridden police horses is only useful if situations are challenging enough to provoke a 

more than moderate behavioural response. If the situation is less challenging, HR 

seems to be a more valuable tool. As all other police work is far less intense 

compared to the observed scenarios of the present study, it is therefore likely to be 

even less compromising for the horses’ welfare. Further research into horse–rider 

interaction in relation to the occurrence of behavioural problems in police horses 

seems warranted. 
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Appendix A: Supplementary data 

 

Table A. Mean heart rate (HR; beats/min) and mean behavioural score (BS; scale1–10) 

of individual horses were used to evaluate their reactions to the different training 

scenarios (transport, riot control training and night patrols). Shown in the table are 

the rank numbers of training scenarios ranked at mean HR and mean BS (Friedman 

test). 

 

 

Training 

Rank number 

Mean HR
a
 Mean BS

a
 

Transport 1.00 2.00 

Riot control training 4.11 3.94 

I. Without riot control division 6.33 4.61 

Fire  6.67 6.67 

Seclusion 8.00 7.94 

II. With riot control division 4.89 3.83 

III. With riot control division in 

city 

3.00 4.22 

Night patrol 2.00 2.78 
a 
P < 0.001 significantly different between individual horses and consistent over the scenarios 
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Print summary 

 

Context 

 

Many horses are nowadays transported by air for breeding, competition, racing or 

export. Until recently however most studies concerning the effects of transport on 

the stress of horses have focussed on road transport. The aim of this study was to 

critically evaluate the physiological and behavioural responses in horses during air 

transport using heart rate, heart rate variability and a behavioural score as variables.  

We also examine the effects of specific external conditions including  loading, taxiing, 

push back, take off, ascend, transit, descend and landing and turbulence as result of 

weather conditions. 

 

Main conclusion 

 

Loading, taxiing and turbulence all caused a significant increase in heart rate (HR) 

compared to values obtained during the quieter periods of the flight. Air transport 

seemed less stressful than road transport as horses showed less increase in HR 

during loading for air transport than for road transport and resting values  were 

achieved  during the flight, which does not occur during road transport. 

  

Approach 

 

HR (beats/min), heart rate variability (HRV; using the time domain variables; 

standard deviation of intervals; SDNN in ms, root mean square of successive 

differences; RMSSD in ms and the frequency domain variables; low frequency power, 

LF, normalized units, n.u  at 0.05-0.15 Hz  and high frequency power, HF, n.u  at 0.15-

0.5 Hz and LF/HF ratio) and behaviour score (BS; score 0-5) of nine horses were 

evaluated during an 8-hour air transport between the Netherlands and New York. HR 

and HRV parameters were calculated every 5 minutes during air transport. Behaviour 

observations were made during each stage of the journey and when turbulence or 

other specific circumstances  occurred during the flight. Data were analysed using a 

linear mixed effect model, with horse as random effect and sex, age, stage of the 

flight, location in jet stall, and jet stall capacity as fixed effects. 

 

Results 

 

Mean HRs were higher during loading into the jet stall (67±21, P<0.001), loading 

into the aircraft (47±6, P=0.011), taxiing (50±8, P=0.001), and during periods of in-

flight turbulence (46±7, P=0.017) when compared to transit (40±3). During the flight, 

individual horses showed differences in mean HR (P=0.005) and peak HR (P<0.001). 

In contrast with HR data, HRV data did not differ significantly between stages of the 

flight or individual horses. BS was highest during turbulence (3.2±0.4). Visible 
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behaviour did not however always correspond with HR measurements: the horse with 

the least visible responses during assessment had the highest HR. 

 

Interpretation 

 

Loading, taxiing and turbulence proved the most stressful events of air transport. 

Compared to road transport, HRs during loading in the jet stalls were lower than 

during loading into a horse wagon.  During the flight HR values decreased to resting 

levels, whilst during road transport these values often remain elevated. Nowadays 

sport horses are often transported over very long distances by road with all the 

attendant risks this has (long duration, pleuropneumonia, etc.). The present study 

seems to indicate  that when horses have to travel over longer distances air transport 

may be a better choice for their welfare.  

Different stages of air transport had no significant influence on HRV. HRV showed 

large variations within and between individual horses. Differences in methods may 

have resulted in some of the differences between HRV data for road transport and air 

transport; 30-minute intervals used for data analysis versus 5-minute intervals used in 

the present study and the use of different equipment (ECG measurements versus 

Polar RS800 in the present study). This is supported by the fact that significant 

differences between stages of air transport could be demonstrated in HR but not in 

HRV data. HRV data were not found to be useful, and as suggested earlier HRV 

analysis has to be used with caution in horses and future research is necessary to 

assess methodology, reliability and usefulness of HRV analysis in horses. 

BS of horses was not significant different between the different phases of flight. In 

some horses, BS and HR did not correspond indicating that these horses may suffer 

internal 'stress' without visible alterations in behaviour.   

 

Significance of findings 

 

Air transport seemed less stressful than road transport as horses showed less 

increase in HR during loading and resting levels were reached during the flight. 

Interestingly, the horse with the highest behavioural score had the lowest HR and the 

outwardly calmest horse had the highest HR during quiet transit periods.HR 

measurement may therefore provide an additional index of  stress and anxiety during 

air transport, making it possible to discriminate between ostensibly calm horses and 

truly calm horses, leading to greater safety and welfare.  
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Full paper online 

 

Abstract 

 

Heart rate (HR), HR variability (HRV) and behaviour score (BS) of nine horses were 

evaluated during an eight-hour air transport between The Netherlands and New 

York. HR and HRV parameters were calculated every five minutes during the air 

transport.  

Compared with transit (40 ± 3), mean HRs were higher during loading into the jet 

stall (67 ± 21, P < 0.001), loading into the aircraft (47 ± 6, P = 0.011), taxiing (50 ± 8, 

P = 0.001), and during periods of in-flight turbulence (46 ± 7, P = 0.017). During the 

flight, individual horses showed differences in mean HR (P = 0.005) and peak HR (P < 

0.001). By contrast with HR data, HRV data did not differ between stages or horses. 

BS was highest during turbulence (3.2 ± 0.4). However, behaviour did not always 

correspond with HR measurements: the least responsive horse had the highest HR.  

Loading into the jet stall caused the highest increase in HR and was considered 

the most stressful event. During transit, HR was generally comparable with resting 

rates. Previous studies have shown that loading and transporting by road caused 

more elevation in HR than during loading and transporting by air. HRV data were not 

found to be useful, and caution is needed when interpreting HRV data. Not every 

horse exhibited stress through visible (evasive) behaviour, and HR measurements 

may provide an additional tool to assess stress in horses. 
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Introduction 

 

Many horses are transported by air for breeding, competition, racing or export. 

Official guidelines for horse transport by air are issued by the International Air 

Transport Association (IATA
7
). Requirements for jet stalls and the loading and 

unloading of horses are prescribed in the Live Animal Regulations (LAR
1
). Most 

studies concerning the effects of transport on the stress of horses has focused on 

road transport (Waran and Cuddeford 1995, Smith and others 1996, Schmidt and 

others 2010a, b). Studies relating to air transport are limited (Thornton 2000, Steward 

and others 2003), and do not give detailed physiological and behavioural data of 

horses during air transport. Therefore, to the authors’ knowledge, specific data about 

heart rate (HR), HR variability (HRV) and behaviour of horses during different stages 

of air transport have not yet been reported.  

HR and HRV have been found to be good, non-invasive indicators of stress in 

stationary horses (Von Borell and others 2007, Parker and others 2009). Behaviour, 

endogenous cortisone release and other haematology parameters have been 

evaluated during road transport. Loading, starting the engine and transit are the 

most stressful events of road transport (Waran and Cuddeford 1995, Schmidt and 

others 2010a). Thornton (2000) and Steward and others (2003) showed that, in 

general, HR and behaviour scores (BSs) increase during loading, ascent and landing, 

but when the airplane is stationary these variables remain close to resting values. 

Steward and others (2003) found that different journey lengths (10–15 hours and 3–4 

hours) did not change any of the variables nor the way horses responded to 

transport events.  

Anecdotally, some horses seem to experience more stress, showing restless 

behaviour and sometimes anxiety during air transport, than others, and occasionally 

an individual horse may try to break out of the jet stall. If individual horses cope 

differently with the stress during air transport, they may also respond differently 

throughout the different stages of air transport. Since horses naturally avoid dark, 

narrow and confined places, the size of the jet stall may contribute significantly to the 

amount of stress a horse experiences (Mal and others 1991, Leadon and others 2008).  

The aim of this study was to quantify HR, HRV and BS of horses during air 

transport. An additional aim was to evaluate whether individual horses have different 

responses in HR, HRV and BS during air transport, and whether specific external 

conditions (take off, landing, and turbulence) and the number of horses per jet stall 

affects these parameters. 

 

Materials and Methods 

 

Horses 

 

                                                           
7
 See: www.iata.org  

http://www.iata.org/
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Nine clinically healthy Warmblood horses (two mares and seven geldings, average 

age 9.8±3.8 years with an estimated weight of 500–600 kg) destined for international 

travel were selected because their owners agreed to their participation in the study. 

Horses were assessed during a flight from Amsterdam, The Netherlands, to New 

York, USA. The flight covered 6059 km in approximately eight hours, and the altitude 

was 10.7–11.0 km. None of the horses had any previous experience with air transport.  

The Animal Ethics Committee of Utrecht University concluded that the proposed 

study did not need ethical approval, as it did not qualify as an animal experiment 

under Dutch law. 

 

Protocol and timetable 

 

Horses arrived at the Schiphol Airport Animal Facility between 07:30 and 08:30 on 

the day of departure. At 09:00, horses were unloaded from their transport vehicles 

and prepared for flight. The airplane contained space for four jet stalls; three jet stalls 

configured for three horses and one jet stall configured for two horses (see Fig1). 

Seven horses were standing in a jet stall configured for three horses and two horses 

were standing in a jet stall configured for two horses. Each horse was then loaded 

into a closed-top jet stall configured for three or two horses, according to IATA 

standards (Boeing 747 Combo airplane (passengers and seven cargo pallets); three-

horse jet stall, 3.44×0.81×2.40 per horse, two-horse jet stall 3.44×1.22×2.40 per 

horse; Fig1). The timetable of all preparations and flight stages are shown in Table 1. 

A veterinarian experienced in equine air transport accompanied the horses during 

transit. Hay was provided throughout the flight and water was offered to the horses 

from a bucket every 3–4 hours. Cabin temperature was maintained around 20°C. 

 

Measurements 

 

The HR, HRV and BS for each horse were recorded from the time that the horses 

were prepared for the flight until just after landing at the New York airport; the 

monitoring equipment had to be removed before crossing the USA border.  

The HR, HRV and BS were calculated for each horse for the complete journey and 

for the different stages (Table 1). Relative humidity (RH; per cent) and ambient 

temperature (°C) of the jet stalls were monitored each hour using a temperature and 

RH-logger (Silva ADC pro, Sweden). 

 

Heart rate 

 

All horses were equipped with a Polar RS800 HR monitor (Polar Electro, Finland) 

set to continuously record the RR intervals (R wave to R wave interval). A girth belt 

placed around the thorax of the horse enclosed two electrodes: one electrode was 

located under the girth behind the left elbow and the other at the left withers. To 

optimise contact, the electrodes and skin were wetted with water every hour.  
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Fig 1. Position of jet stalls in airplane and placement of individual horses in the jet 

stalls, configured for 3 or 2 horses (horses which are not numbered were not 

included in the present study). n.p. not participating. 

 

Recordings began after flight preparation. All horses were allowed to adjust to 

their new environment for a few minutes before loading into the jet stall. Recordings 

were terminated just after landing, when the horses stood stationary in the jet stalls. 

For each horse, mean HR and peak HR for the whole journey and for each stage of 

the flight were calculated. 

 

Heart rate variability 

 

HR (beats/minute) and HRV variables were calculated at five-minute intervals, as 

suggested by Von Borell and others (2007). The Kubios HRV software (V.2.0, 

Biomedical Signal Analysis group, University of Kuopio, Finland) was used for 

calculating HRV variables. Artefacts were corrected using the custom filter of the 

program set at 0.3, identifying RR intervals differing from the previous RR interval by 

more than 30 per cent as artefact (Marchant-Forde and others 2004, Von Borell and 

others 2007, Schmidt and others 2010a, b). In addition, data were detrended 

according to the procedure described by Tarvainen and others (2002); the 

smoothness parameter was set at 500 ms.  

Time domain variables of HRV were calculated: SDNN (standard deviation of RR-

intervals, ms) and RMSSD (root mean square of successive differences, ms). For the 

frequency domain analysis of HRV data, the fast Fourier transform was used with 

equal time series of 512 points to calculate low frequency (LF, normalised units, n.u.) 

power at 0.05–0.15 Hz and high frequency (HF, n.u.) power at 0.15–0.5 Hz. To 

determine LF and HF, respiration rates of horses during air transport (Marlin and 

others 2001) were used in line with the LF and HF frequencies as advised by Von 
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Borell and others (2007). These frequencies of LF and HF power also used the studies 

of Rietmann and others (2004) and Bachmann and others (2003). In addition, the 

LF/HF ratio was calculated.  

 

Table 1. Mean heart rate, peak heart rate and behaviour score (0-5) for 9 horses 

during all stages of air transport. 

 

 

Time 

 

Stage 

Heart Rate ± SD, 

beats/min 

Behaviour 

score ± 

SD
 

Mean Peak 

07:30-08:30 Arrival of horses n.d n.d n.d 

09:05-09:50 Loading into jet stall 67±21
c
 110±23

c
 2.3±0.5 

09:50-12:30 Stationary in  jet stall 41±7 93±16
b 

1.9±0.6 

12:30-12:55 Taxiing 50±8
b
 104±19

c 
2.3±0.7 

12:55-13:10 Loading jet stall into airplane 47±6
c
 92±24

b 
2.1±0.3 

13:10-13:30 Stationary in airplane 40±4 75±13
 

2.0±0 

13:30-13:55 Push back, take off and airborne  45±6
 
 101±24

c 
2.3±0.7 

13:55-14:15 Ascent 46±11 77±23
 

2.0±0 

14:30-15:00 Transit stage 1  40±5 75±14
 

1.1±0.3 

15:00-16:00 Transit stage 2 40±3 72±11
  

1.0±0
 
 

16:00-17:40 Transit stage 3  39±3 84±11
 

1.0±0
 
 

18:05-18:20 Turbulence 46±7
a
 85±23 3.2±0.4 

18:25-19:25 Transit stage 4 40±4 67±17 1.0±0
 
 

19:25-20:25 Transit stage 5 40±3 76±13
 

1.0±0
 
 

20:45-21:15 Descent and landing 43±5
 
 94±27

a 
2.2±0.4 

21:15-21:30 Stationary after landing 50±7
b
 82±14

 
1.8±0.7 

21.30> Jet stalls unloaded from the 

airplane, driven to airport 

building 

n.d n.d n.d 

a
Significantly different from transit stage 2, P<0.05 

b
Significantly different from transit stage 2, P<0.01

 

c
Significantly different from transit stage 2, P<0.001

 

n.d = not determined. 

 

Behaviour 

 

Since one veterinarian observed and scored all 9 horses, the previously used 

ethograms recorded during road transport (Waran and Cuddeford 1995) and air 

transport (Steward and others 2003) were adapted to develop a behaviour scale in 

which zero represents normal relaxed behaviour, and five represents extreme distress 

(Table 2). Behaviour was first scored directly after arrival at the Schiphol Airport 

Animal Facility, while the horses were allowed a few minutes to adjust to their 

environment. Thereafter, behaviour observations were made during each stage of the 
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journey, and if turbulence or other special situations occurred (Table 2). In total, 18 

behavioural observations per horse were made, and a mean BS was calculated for 

each stage of the air transport. 

 

Statistics 

 

Data are given as average ± sd. Mean HR, peak HR and mean HRV variables 

(SDNN, RMSSD, LF, HF and LF/HF ratio) for each horse at each stage were calculated. 

Since no data for resting horses could be obtained before the journey, all data were 

compared with values obtained during transit stage 2 (Table 1). This stage was 

considered to be the closest to resting, since horses were completely stationary and 

no disturbances occurred.  

Data were analysed using a linear mixed-effect model, with the horse as random 

effect, and sex, age, stage of the flight, location in jet stall and jet stall capacity as 

fixed effects. A normal probability plot was used to check the residuals for normality. 

If the normality assumption did not hold, the data were log transformed. To evaluate 

the relation between HR and BS of horses, a general linear model was used with 

mean HR as dependent variable, the ordinal variable BS score as a fixed factor, and 

the horse as random factor. Computations were performed with R (R: A Language 

and Environment for Statistical Computing, 2010) and SPSS V.20.0 (SPSS inc, IBM). 

 

 

Table 2. Behavioural scores adapted from the studies of Waran and Cuddeford (1995) 

and Steward and others (2003).  

 

Score Behaviour*  

0 Dozing; head relaxed downward with eyes half closed  

1 Relaxed; resting any part of the body against a side partition or resting one 

hind leg, ears pointing forward, neck relaxed 

2 A bit active; standing square, ears pointed to the front, neck a bit elevated, 

eating or making jaw movements (eating, chewing no food) 

3 Moderately active/alert; ears pointing forward, neck elevated or horse 

shifts weight from one side to another, regaining its balance (moving feet) 

or standing with forelegs open or forward. 

4 Active/alert; standing restless, neck elevated higher than withers, making 

foot movements (stamping, pawing or kicking) ears pointed backwards 

5 Anxious; restless body movements, ears restless, tries to break out of the 

stable 

*Swaying (whole body rocks from side to side without shifting the feet) and hitting (sudden 

contact of the body against either the walls or the stall or the partitions) are unintentional 

movements and caused by movements of the plane. These movements were registered when 

they occurred during the air transport. 
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Results 

 

Heart rate 

 

HR and HRV data of horse 1 for the last three hours and data of horse 4 for the 

last 15 minutes were not correctly recorded and were, therefore, excluded from the 

data set. Jet stall capacity (two or three horses), age and sex did not significantly 

influence HR data.  

Mean HR (P < 0.001) and peak HR (P < 0.001) differed significantly between the 

different stages of air transport (Table 1 and Fig 2). There were trends toward higher 

mean HR during take-off (P = 0.061) and climbing (P = 0.056), and peak HR was 

achieved in transit stage 3 during turbulence (P = 0.063). Individual horses showed 

differences in mean HR (P = 0.005) and peak HR (P < 0.001) (Figs 2–4).  

 

Heart rate variability 

 

HRV variables did not significantly differ between stages of air transport (see 

online supplementary Table A) or between horses. Mean RMSSD showed a significant 

interaction between stages of air transport and jet stall capacity (P=0.044); in stages 

1–9 mean RMSSD of horses standing in a three-horse jet stall was lower than that of 

horses standing in a two-horse jet stall. However, for stages 10–15, this effect was 

reversed. HRV data were not influenced by age or sex.  

 

Behaviour 

 

Although BSs seemed to be higher during the first and last stages of air transport 

and during in-flight turbulence (Table 1), there were no significant differences 

between stages of air transport or individual horses. BS was not influenced by sex, 

age or jet stall capacity. The BS scores ranged between one and four for all horses. 

Mean HR of horses did not significantly differ between the BS scores (1–4); in some 

horses, a higher BS score was reflected with an increase in HR, in some horses not so, 

or reflected with even a decrease in HR (Fig 5).  

 

Air temperature and relative humidity 

 

The mean air temperature and mean RH measured around the jet stalls during the 

different stages of the air transport were 19.6 ± 2.3°C and 44.5 per cent ±16.4 per 

cent, respectively (range 16.0°C–23.6°C and 25–69 per cent). After cruising height was 

reached, the RH  dropped toward 25 per cent.  
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Fig 2. Mean heart rate (HR) of individual horses during different stages of air 

transport: (a) horses with overall higher HR during air transport and (b) horses with 

overall lower HR during air transport. 

 

 
Fig 2a. 
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Fig 2b. 

 

Discussion 

 

The present study is the first report on HR, HRV and behaviour of inexperienced 

horses (these horses had no experience with air transport prior to the study) during a 

long haul flight in a modern aircraft with adequate temperature and humidity 

regulation.  



Chapter IX 

 

168 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 a
) 



                                                                           Stress of horses during air transport 

 

169 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F
ig

 3
. 
E
xa

m
p

le
 o

f 
th

e
 h

e
a
rt

 r
a
te

 (
H

R
) 

re
su

lt
s 

(b
e
a
ts

/m
in

u
te

) 
o

f 
in

d
iv

id
u

a
l 

h
o

rs
e
s 

d
u

ri
n

g
 a

ir
 t

ra
n

sp
o

rt
: 
(a

) 
h

o
rs

e
 9

 w
it

h
 

a
 r

e
la

ti
v
e
ly

 h
ig

h
 H

R
 a

n
d

 (
b

) 
h

o
rs

e
 5

 w
it

h
 a

n
 a

v
e
ra

g
e
 H

R
. 

 

b
) 



Chapter IX 

 

170 

The lowest HR was recorded during the flight. This is in accordance with earlier 

studies (Thornton 2000, Steward and others 2003). In the present study, it was not 

possible to take measurements at rest before the flight, because the horses had to be 

quickly loaded after arriving at the Schiphol Airport Animal Facility. However, HR 

during transit stage 2 approached normal resting HR. Therefore, all data collected 

during the other time points were compared with these data.  

HR reflects the net interactions between vagal (which reduces HR) and 

sympathetic (which increases HR) regulation (Von Borell and others 2007). In the 

present study, a significant increase in mean HR and peak HR during certain stages of 

air transport (loading, taxiing and turbulence) were found. This may be partly due to 

an increase in physical activity since horses may have to adopt certain body postures 

to maintain their balance, adapt to changes in air pressure (Steward and others 

2003), or due to lack of sleep or interruption of biorhythms, or lack of experience 

(Schmidt and others 2010a, b). However, an increase in HR, in healthy animals, not 

caused by physical activity, may be caused by emotional reactivity of the animal or 

the stress experienced (Baldock and Sibly 1990, Von Borell and others 2007).  

Peak HR of horses during loading reached an average 110 beats/minute, and 

mean HR was overall much lower. To the authors’ knowledge, there is no clear 

defined elevated HR which is considered stressful in horses. However, in the study of 

Warren-Smith and others (2007) horses were aroused when standing still to 

evaluated the influence of head lowering on the behavioural and physiological 

responses of horses. Horses were aroused until their HR exceeded 100 beats/minute. 

Therefore, an increase in HR, especially an increase up to 100 beats/minute in horses 

standing still, could be considered as stress. However, HRs of horses were elevated 

only very briefly during these specific stages of air transport. This is in comparison 

with HR data of the study of Stewart and others (2003) which concluded that these 

events did not appear to be frequent or long enough to be a significant welfare 

concern. In addition, considering the relative increase in HR with HRs of horses 

during different sport activities, HR is only slightly elevated; walking 60–80 

beats/minute, trotting 80–100 beats/minute, cantering 100–140 beats/minute and 

galloping (at 13.3–16.7 m/second) 180–220 beats/minute, and from a standing start 

to a full gallop it would only take 20–30 seconds to achieve maximal HR of the horse 

(204–240 beats/minute) (Marlin and Nankervis 2002).  

The present study indicated that loading, taxiing and turbulence caused the 

highest increase in HR, and were considered the most stressful events. This concurs 

with previous studies on air transport (Thornton 2000, Steward and others 2003) and 

road transport (Waran and Cuddeford 1995). However, in the present study, mean HR 

during loading (67 ± 21 beats/minute) was much lower than reported for loading for 

road transport (112 ± 5 beats/minute) (Waran and Cuddeford 1995). In addition, HRs 

of horses during road transport (Waran and Cuddeford 1995, Ohmura and others 

2006, Fazio and others 2009) are greater than those measured during air transport in 

the present study and in other studies (Thornton 2000, Steward and others 2003). It is 

an important finding for (sport) horses that air transport over a long distance seems  



                                                                           Stress of horses during air transport 

 

171 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a
) 

b
) 

c)
 

) 
d

) 

) 

F
ig

 4
. 

H
e
a
rt

 r
a
te

 (
b

e
a
ts

/m
in

u
te

) 
o

f 
2
 h

o
rs

e
s 

d
u

ri
n

g
 t

a
k
e
-o

ff
 a

n
d

 t
u

rb
u

le
n

ce
: 

(a
) 

h
o

rs
e
 9

 d
u

ri
n

g
 t

a
k
e
-o

ff
, 

(b
) 

h
o

rs
e
 9

 

d
u

ri
n

g
 t

u
rb

u
le

n
ce

, 
(c

) 
h

o
rs

e
 8

 d
u

ri
n

g
 t

a
k
e
-o

ff
 a

n
d

 (
d

) 
h

o
rs

e
 8

 d
u

ri
n

g
 t

u
rb

u
le

n
ce

. 

 



Chapter IX 

 

172 

 
Fig 5. Mean heart rate per behaviour score (score 1–4) of individual horses (horse 1–

9) obtained during air transport. 

 

to cause less increase in HR and, therefore, may be less stressful compared with road 

transport, even in inexperienced horses. Nowadays, sport horses are often 

transported over very long distances by road with all risks involved (eg, 

pleuropneumonia). The present study seems to show that air transport may be a 

better choice; by contrast with road transport, horses had less increase in HR, and 

resting levels were reached during the flight, additionally, the duration of the 

transport to travel the same distance is shorter. However, further study is warranted, 

including more horses and several different types of flights to evaluate differences 

between air and road transport.  

As RR interval is the direct opposite of HR data, it showed that the mean RR 

interval of horses during air transport measured in the present study was greater 

than during road transport (Schmidt and others 2010a, b). This indicates that air 

transport was less stressful than road transport. Compared with the data reported by 

Schmidt and others (2010a, b), larger SDs in all HRV data were found in the present 

study. Data from frequency domain analysis of the present study could not be 

compared with data from the road transport study by Ohmura and others (2006), 

because these authors did not use normalised units.   
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Because data collection and data treatment in the present study were similar to 

the road transport study by Schmidt and others (2010a,b), the differences in HRV 

data suggest that sympathetic and parasympathetic pathways react differently during 

air transport. However, in the present study, data were analysed in five-minute 

intervals instead of the 30-minute intervals used by Schmidt and others (2010a, b). To 

improve standardisation across different HRV studies, analysis of five minute 

sequences has been recommended, and delivers more robust results (Task force of 

the European Society of Cardiology and the North American Society of Pacing and 

Electrophysiology 1996, Von Borell and others 2007).  

Differences between different studies could also be due to the use of different 

equipment. Ohumura and others (2006) used electrocardiogram (ECG) 

measurements, and in the present study, a Polar RS800 was used. These commercially 

available monitors do not record the ECG signal itself, therefore, their reliability and 

identification of  true errors is a valid general concern (Von Borell and others 2007). 

Notwithstanding this disadvantage, these commercial monitors are used in most 

equine (ethological) studies (Bachmann and others 2003, Rietmann and others 2004, 

Schmidt and others 2010a, b). There are several human and animal studies which 

have assessed the reliability of these commercial systems. They only seem reliable 

and comparable with ECG data when data are free from artefacts; thus, any 

abnormalities present have to be carefully identified and corrected before analysis 

(Marchant-Forde and others 2004). In the present study, artefacts and errors were 

carefully corrected as suggested by Marchant-Forde and others (2004) and Tarvainen 

and others (2002).  

Differences in methods may have resulted in some of the differences between 

data for road transport and air transport. This is supported by the fact that significant 

differences between stages of air transport could be demonstrated by HR and BS but 

not by HRV data. Methods used in the present study followed the latest 

recommendations for HRV analysis (Tarvainen and others 2002, Sandercock and 

others 2005, Von Borell and others 2007). A survey of human and animal studies of 

HRV analysis suggested caution when using HRV analysis: study design, recording 

equipment, data collection and data treatment can vary significantly between studies. 

Despite intensive use of HRV analysis in human research, data reliability is 

heterogeneous and poorly supported by rigorous, reliable studies (Sandercock and 

others 2005, Pinna and others 2007). In horses, research data are even more variable, 

and no reliable, robust method for HRV analysis in horses is available as yet. As 

suggested earlier, HRV analysis has to be used with caution in horses (Munsters and 

others 2012). Future research is necessary to assess methodology, reliability and 

usefulness of HRV analysis in horses.  

As only a relatively low number of horses was used in the present study, no 

conclusions could be drawn regarding whether a two-horse or a three-horse jet stall 

is better (provoking less stress) for transporting horses. This may be also related to 

individual preferences of horses, and to the relation between the horses placed in 
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one jet stall. This is an interesting field for further studies as it is strongly related to 

equine welfare on the one hand and to the costs of air transport on the other.  

Interestingly, the visible behaviour of horses did not always correspond with the 

HR measurements; the horse with the highest behavioural score had the lowest HR, 

and the outwardly calmest horse had the highest HR during the quiet transit periods. 

It has been suggested earlier that HR, apart from exercise, also depends on an mental 

state, which is not always visible in the behaviour of the horse (Munsters and others 

2012). Not every horse exhibits its stress and anxiety through visible (evasive) 

behaviour (Koolhaas and others 1999), and this makes identification of some anxious 

horses more difficult. The difficulty in visually identifying horses that are really 

stressed may add significantly to the risk of transporting horses by air. Therefore, HR 

measurement may provide an additional tool to assess stress and anxiety in horses 

during air transport, making it possible to discriminate between ostensibly calm 

horses and truly calm horses, leading to greater safety and welfare.  

In conclusion, the loading into a jet stall caused the highest increase in HR and 

was considered the most stressful event for horses during air transport, but HRs were 

still less increased than HRs during loading for road transport. During transit, HR, 

HRV and BS were comparable with resting levels, and were lower than in horses 

undergoing road transport. This justifies the conclusion that air transport seems to 

cause a less increase in HR of horses compared with road transport and, therefore, 

may be less stressful.  
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Appendix A: Supplementary data 

 

Table A. Mean heart rate variability variables for 9 horses during all stages of air 

transport.  

 

 

Stage 

Heart rate variability 

RMSSD, 

ms 

SDNN, 

ms 

LF,  

n.u 

HF,  

n.u 

LF/HF, 

n.u 

Load. into jet stall 

 

50.9±31.8 56.8±20.6 60.4±14.9 39.6±14.9 1.88±1.12 

Stat. in  jet stall 

 

54.6±16.4 66.3±20.3 63.7±11.6 36.3±11.6 3.24±2.49 

Taxiing 

 

59.7±23.8 74.5±30.3 68.1±8.2 31.9±8.2 2.63±0.94 

Loading jet stall 

 

62.4±25.1 80.6±30.4 68.3±8.1 31.7±8.1 2.66±1.07 

Stat. in airplane 

 

70.4±37.1 76.7±33.6 66.0±6.0 34.0±6.0 2.39±0.66 

Take off  

 

70.3±32.5 79.1±31.4 66.5±7.8 33.5±7.8 2.80±1.45 

Ascent 

 

67.9±19.7 76.5±15.7 69.7±4.9 30.3±4.9 2.63±0.52 

Transit stage 1 

 

64.7±21.7 72.2±21.0 67.6±7.9 32.4±7.9 2.63±1.07 

Transit stage 2 

 

60.2±18.8 66.7±20.2 66.1±8.5 33.9±8.5 2.54±1.05 

Transit stage 3 

 

65.1±16.0 72.7±15.7 67.4±7.3 32.6±7.3 2.81±1.30 

Turbulence 

 

69.0±27.0 85.8±39.9 72.1±8.1 27.9±8.2 3.25±1.18 

Transit stage 4 

 

66.3±24.9 75.1±42.0 66.9±7.2 33.1±7.2 2.53±0.99 

Transit stage 5 

 

61.7±18.3 67.2±14.6 69.5±5.2 30.5±5.2 2.85±0.67 

Descent 

 

65.8±17.0 76.2±21.6 70.3±4.7 29.7±4.7 2.77±0.70 

Stationary after 

landing 

70.9±27.8 95.4±40.6 62.3±13.5 37.7±13.5 2.01±1.08 

a
Abbreviations: RMSSD, root mean square of successive differences; SDNN, standard deviation 

of intervals; HF, high frequency; LF, low frequency; n.u, normalised unites. 
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Abstract  

 

Regular exercise testing in Warmblood sport horses may, as in racing, potentially 

help to characterise fitness indices in the different disciplines and at various 

competition levels and help in understanding when a horse is ‘fit to compete’.  In this 

review an overview is given of the current state of the art of exercise testing in the 

Olympic disciplines eventing, show jumping and dressage and areas where further 

development is necessary are defined.  

In event horses, a simple four step incremental exercise test is most often used, in 

which HR, LA and velocity are measured as outcome parameters. In dressage and 

riding horses a wide variety of exercise tests has been developed, including 

incremental exercise tests, ridden indoor tests and lunging tests and in show 

jumping, a practical exercise test is yet to be defined.  

The velocity at plasma lactate concentration of 4 mmol/L (VLA4) during sub-

maximal exercise intensity has been shown to be the parameter in event horses and 

ponies best related to performance and upcoming injuries. In riding horses, fitness 

level of horses was an important determinant of injuries as well. This suggests that 

the implementation of regular exercise testing and monitoring training sessions has 

also important added value in the assessment of performance ability and upcoming 

injuries in Warmblood sport horses. However, there is an urgent need to standardise 

methodology and outcome parameters in order to make results comparable. 
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Introduction 

 

Worldwide, horses are bred for use in  sport, education and/or recreational riding. 

Training prepares a horse for the demands of its task by inducing physiologic 

adaptations necessary to perform with minimal risk of injury (Hinchcliff et al., 2008). 

To assess fitness level and responses to training exercise tests are used, which usually 

evaluate several physiological factors that relate to the horse’s fitness. The code of 

Conduct of the FEI states that during all stages of preparation and training of 

competition horses, welfare must take precedence over all other demands and horses 

must be fit, competent and in good health before they are allowed to compete
8
 and 

that the frequency of competitions and any other risk factors should be examined 

carefully to minimise injuries
1
. There is thus a need to closely monitor fitness, 

workload and injuries in Warmblood sport horses, as this may contribute to the 

understanding of the effects of training methods and may help in reducing injuries 

(Erickson et al., 1987).   

Most of the research on exercise testing has been focussed on Thoroughbred 

horses and Standardbred trotters, in which cardiovascular, respiratory, metabolic 

responses and musculoskeletal adaptations to exercise are well studied (Davie et al., 

1999; Evans and Rose, 1988; Firth and Rogers, 2005; Hodgson et al., 1990; Sinha et al., 

1991; Thornton et al., 1983) and standard procedures for exercise testing in the field 

have been adopted (Couroucé, 1999; Hinchcliff et al., 2008). While these data on 

exercise testing in the racing breeds are very useful and may serve as a basis for the 

development of procedures for exercise testing in Warmblood sport horses, there are 

important differences between the demands made on the horse in racing and in the 

equestrian disciplines Warmblood sport horses are used for. Race horses are trained 

to run over distances of 1000-4000 m as fast as they can (top horses speeds reaching 

15-16.6 m/s; Hinchliff et al., 2008), while demands on Warmblood sport horses in the 

Olympic disciplines of eventing, show jumping and dressage to which review is 

limited may be technically more challenging, but are often submaximal in a 

cardiorespiratory sense.  

The differences between the Olympic disciplines are relatively large. Event horses 

are required to run distances of up to 6270 m with 40 jumps at 9.5 m/s, during which 

HRs between 171–207 beats/min and LA of 8.5–38.5 mmol/L are achieved (Amory et 

al., 1993; Marlin et al., 1995; White et al., 1995a/b; Muñoz et al., 1999; Serrano et al., 

2002). Dressage horses are required to perform 4-8 minutes of different technically 

demanding exercises and movements with HRs rarely exceeding 150 beats/min 

(Clayton, 1991) and show jumpers jump at speeds between 5-7.5 m/s with HRs from 

approximately 150 beats/min at the start that may peak at 190 beats/min (Art et al., 

1990a/b; Sloet et al., 2006). Although all these disciplines have been on the Olympic 

programme since 1912, surprisingly little has been done on training effects, fitness 

assessment and relation to performance of these sport horses. There is, therefore, a 

                                                           
8
 See: http://www.fei.org  

http://www.fei.org/
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need to better define fitness indices for the different disciplines and competition 

levels. Implementing regular exercise testing in Warmblood sport horses may help in 

understanding when a horse is ‘fit to compete’ and how it responds to different 

training methods. 

Fitness of Thoroughbreds and Standardbreds is commonly assessed using 

standardised exercise tests (SETs), either on the treadmill, or as field tests. In the SETs 

several parameters are used that may include heart rate (HR), haematological 

variables, blood gas data, muscle biopsies and distances run (Couroucé et al., 1997; 

Davie and Evans, 2000; Rogers et al., 2007). The use of a treadmill allows an increased 

sample size and testing conditions can be better standardised, making the outcome 

more repeatable (Hinchcliff et al., 2008). However, there are significant differences 

between testing on a track and a treadmill, not only with respect to actual workload, 

but also in the biomechanics of locomotion (Barrey et al., 1993; Sloet et al., 1995; 

Sloet and Clayton, 1999). Field tests have the advantage of including rider effects and 

in general are more representative of the competition environment (Hinchcliff et al., 

2008; Sloet et al., 1995). The advantage of field testing over the use of a treadmill is 

probably larger in the Olympic equestrian activities than in the technically more 

straightforward racing disciplines.  

The aim of this review is to evaluate the current knowledge about exercise testing 

of  Warmblood sport horses in the field. Testing procedures for eventing, show 

jumping and dressage and the parameters used to assess fitness at different 

competition and/or training levels will be discussed. Further, the interpretation of 

these variables as an aid to understand fitness improvement during training and 

relation to performance and prevalence of injuries will be dealt with and comments 

will be made on the predictive value of these tests.  

 

Testing procedure and indices of fitness 

 

A field exercise test typically consists of several incremental bouts of exercise 

during which heart rate (HR; beats/min), plasma lactate concentration (LA; mmol/L) 

and the velocity (m/s) are measured (Couroucé, 1999). Several indices of fitness can 

be calculated from these measurements: the relationships between LA and velocity, 

and LA and HR can be determined by plotting velocity and HR, against LA (as an 

exponential regression curve), after which the VLA4 (velocity at LA of 4 mmol/L) and 

HRLA4 (HR at LA of 4 mmol/L) can be calculated by interpolation. The relationship 

between HR and velocity can be approximated by a linear regression curve, as it is 

generally accepted that these two parameters are linearly related between heart rates 

of 140 - 200 beats/min (Clayton, 1991; Hinchcliff et al., 2008). This linear regression 

curve can then be used to determine the velocity at a HR of 200 beats/min (V200 ), or 

to determine the velocity at lower HRs (for example: V140, V170). In addition, recovery 

HR after 5 minutes (HRrec5) and 10 minutes (HRrec10) after the last exercise step is 

often recorded.  
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The number of incremental steps and their duration, distances covered and 

speeds of each step in field exercise tests used for Thoroughbreds and 

Standardbreds have varied widely. In a review on exercise testing of French 

Standardbred trotters Couroucé  (1999) gives some important guidelines that should 

be taken into account when designing an exercise test for horses. Velocity should be 

controlled, the duration of each step should be sufficient to provide a steady-state 

HR, resting periods between steps should be consistent and the test should take into 

account the age and training status of the horses. For statistical reasons it is 

important to generate sufficiently large numbers of data points, making data become 

more reliable and providing the opportunity to identify (and discard) outliers 

(Couroucé , 1999; Hinchcliff et al., 2008).  

Exercise testing in Warmblood sport horses should follow these same strict 

methodological lines. However, since Warmblood sport horses are used in different 

disciplines, it is also essential to adapt the design of the exercise test to the specific 

demands asked in competition or training (Sloet van Oldruitenborgh-Oosterbaan, 

1990).  Measuring and calculating the velocity of each step is more easier nowadays 

than it used to be with global positioning systems (GPS) technology in place that can 

be used simultaneously with a HR monitor (Kingston et al., 2006; Vermeulen and 

Evans, 2006). An alternative approach to a constant velocity during each step of an 

exercise test is exercising at a constant HR (Erickson et al., 1987; Sloet et al., 1986, 

1987). Both techniques will give reliable results when used consequently and the 

choice between them is a matter of personal preference and/or pragmatic dealing 

with logistical or other constraints. 

 

Exercise tests in the Olympic equestrian disciplines  

 

Eventing 

 

Most research on fitness assessment of Warmblood sport horses has been done 

in event horses. This is probably due to the fact that most event horses are 

Thoroughbreds or Thoroughbred crosses and the Olympic disciplines demands in 

eventing are most comparable with the demands in racing. Therefore the design of 

the field exercise tests in this discipline is quite similar to tests used for 

Thoroughbred race horses, generally including the same fitness indices like  VLa4, HR 

V200, V170, V140.   

Fitness of event horses at different competition levels up to Concours Complet 

International 3-star (CCI***) has been assessed using field standardised exercise tests 

at various occasions, all measuring HR, velocity and LA (Table 1) (Amory et al., 1993; 

Auvinet et al., 1991; De Moffarts et al., 2005; Muñoz et al.,1998; Munsters et al. 

Chapter IV; Serrano et al., 2001).  In all tests three to six incremental exercise steps 

with increasing speed were used (10-11.7 m/s until maximum speed for the last step, 

dependent on the training level of the horses), with either a fixed duration (3 min) or 

a fixed distance (450-1000 m) for each step and resting periods of 1-5 minutes. Tests 
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were either velocity or HR controlled and resulted in a steady-state HR . Also, 

consistent resting periods were used, making these tests for event horses comply 

with the criteria as formulated for race horses (Couroucé, 1999).   

In several other studies the HR response and LA production during or directly 

after different levels of eventing competition have been investigated (Amory et al., 

1993; Desmecht et al., 1996; Marlin et al., 1995; Murray et al., 2006; White et al., 

1995a/b), demonstrating large individual variation between horses. However, 

whereas this approach gives valuable information about the heaviness of the 

competition and the individual horse’s fitness response to this competition, it is less 

useful to monitor fitness over time to assess training effects, as each event features a 

different design and other environmental circumstances.  In fact, a simple four step 

incremental exercise test measuring HR, LA and velocity seems to be the most 

appropriate way to assess fitness in individual event horses (Bitschnau et al., 2010; 

Muñoz et al.,1998; Munsters et al., Chapter IV; Serrano et al., 2001).  

 

Show jumping 

 

The physiological effects of show jumping have been studied by Art et al. 

(1990a/b), Lekeux et al. (1991), Desmecht et al. (1996), Aguilera-Tejero et al. (2000) 

and Sloet et al. (2006). In show jumping, although the speed and duration of the 

exercise are low, the anaerobic metabolism plays a role (Art et al., 1990a; Sloet et al. 

2006). Therefore, besides aerobic training the anaerobic capacity needs to be trained 

also, which requires the accurate assessment of individual VLA4 values of horses.  

A few studies have focused on the physiological and metabolic effects of show 

jumping in competition (Art et al., 1990a/b; Aguilera-Tejero et al., 2000; Desmecht et 

al., 1996; Lekeux et al., 1991). However, as in eventing, these competitions were 

variable in length, duration, speed and height of the fences, making comparisons 

difficult, if not impossible. Art et al. (1990b) even demonstrated as significant 

“competition effect”, as the differences between competitions caused the variations 

in physiological and metabolic responses of horses performing at equal level. This 

large variation again makes assessment of fitness during competition unreliable for 

the evaluation of different groups of horses or individual animals over time and 

stresses the need for the development of standardised exercise tests for show 

jumpers that may help in the determination of evidence-based training programmes 

and hence the reduction of injuries and wastage.  

Developing a SET for show jumping is not a straightforward procedure. A 

continuous maximal test adapted from a human University of Montreal (UM)-Track 

test for show jumpers was developed by Mirian and Fernandes (2011), which 

increased every 3 minutes and 20 seconds the speed until maximal speed was 

achieved. The UM-Track test is continuous maximal multistage running field test to 

estimate VO2max  in human athletes.  This concept is questionable. Requirements for 

an exercise test are that it takes into account training level and normal exercise 

demands on the horse (Couroucé 1999, Sloet et al. 1987). In show jumping part of 
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the effort is anaerobic, but there is no real maximal effort (Art et al., 1990a/b; 

Aguilera-Tejero et al., 2000; Desmecht et al., 1996; Lekeux et al., 1991) and galloping 

for prolonged periods is uncommon. Any SET used specifically for show jumping 

should take these circumstances into account. To date, no specific and practical field 

SET for show jumpers has been developed and further work in this area is needed.  

 

 

Table 1. Design of field exercise tests used to evaluate fitness of eventing horses. 

 

Authors Horses Track Testing procedure 

Steps Rest 

Amory 

et al. (1993) 

 

5 national 

event horses 

Turf 

1800 m 

3 steps of 1000 

m at 5.8, 7.5 and 

10 m/s 

 

800 m walk 

Auvinet 

et al. (1991) 

34 three-day 

event horses 

Galloping 

track 

6 steps of 3 min 

at 5.8, 6.7, 7.5, 

8.3, 9.2 and 10 

m/s 

 

1 min walk 

Moffarts 

et al. (2005) 

12 national 

event horses 

Race track 4 steps of 1000 

m at 6.9, 8.3, 9.7 

m/s and max. 

speed 

 

1 min 

Muñoz 

et al. (1998) 

9 three-day 

event horses 

Sand track 

1500 m 

3-4 steps of 1000 

m at 6.7, 8.3, 10, 

11.7 m/s 

 

5 min walk 

Munsters 

et al. (Chapter IV) 

20 CIC*** event 

horses and 9 

event ponies 

 

Sand track 

1000 m 

4 steps of 1000 

m at 6.7, 8.3, 10, 

11.7 m/s 

 

5 min walk 

Serrano 

et al. (2001) 

17 event horses Turf 

450 m 

 

4 steps of 4.2, 

5.8, 7.5 and 10-

10.8 m/s 

 

400 m trot 

recovery 

Cikrytova 

et al. (1991) 

756 3-year old 

horses, with 

9 months of 

event training 

Turf 

800 m 

5 steps of 3.7, 

4.5, 6.0, 7.5 and 

9.0 m/s 

Not 

mentioned 
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Dressage 

 

Dressage requires submaximal exercise, as it has been demonstrated that during 

training and competition the horses’ HR stays within the aerobic range (62-160 

beats-min). This applies to elementary and medium level dressage horses (Williams et 

al., 2009) as well as to Grand prix horses (Clayton, 1991). Nevertheless, demands in 

terms of strength and power output are high for specific exercises and physical 

training should be based on both strength and stamina (Rivero, 2007). Several studies 

have investigated the fitness aspects of elementary dressage riding, but to the 

authors’ knowledge no specific exercise test exists to analyse a horse’s fitness for 

high level dressage. 

For dressage horses, submaximal exercise tests have been developed using 3-5 

incremental steps in speed or HR with fixed duration or distance, adapted to the 

specific demands placed on dressage horses, featuring lower canter speeds than 

used for event or race horses (Isler et al., 1982; Muñoz et al., 2002; Sloet et al., 1986, 

1987) (Table 2). The other set-up of SETs in dressage horses has enabled the 

development of practical (indoor) field tests (Harris et al., 2007; Munsters et al., 2012). 

Incremental steps are realised by transition of gait and/or transition of the same gait 

from slow, medium to fast (Harris et al., 2007). In addition, lunging tests have been 

proven useful to assess fitness of (young) Warmblood sport horses and vaulting 

horses (Harris et al., 2007; Sloet van Oldruitenborgh-Oosterbaan et al., 1991a ,b). 

These lunging tests do not require a galloping track or experienced riders and can 

easily be implemented in the daily training programme of horses, including those not 

yet broken in (Sloet et al., 1991a). The development of this kind of practical 

applicable field tests make the regular implementation of exercise testing in the 

training and health programme of riding horses feasible, which may be of great help 

for the evaluation of responses to training and for early detection of injuries (Erikson 

et al., 1987).  

The measurements performed and fitness indices calculated during the exercise 

tests for dressage horses are similar to those used for event and race horses (HR, LA 

and velocity). An alternative method to assess fitness in riding horses is the use of 

HR, HR recovery and accumulation of LA concentration during different steps of the 

exercise test instead of calculating the standard indices (Munsters et al., 2012; Sloet 

et al., 1991 a/b).  In the study of Muñoz et al. (2002), several additional blood 

parameters and enzyme concentrations were measured, but no extra fitness indices 

were calculated. However, LA was determined directly after the exercise test for the 

evaluation of fitness and response to training and appeared in these (untrained) 

dressage horses to reach very high levels (up to 22 mmol/L), indicating strong 

anaerobic implication. Since dressage is a submaximal, mainly aerobic discipline and 

horses are not used to canter at high speeds, the authors suggested that this was 

more a matter of improper testing than of insufficient fitness for dressage.  

Fitness indices (V140) calculated after a ridden indoor test and a lunging test 

showed corresponded well and there was a clear correlation between HR and speed. 
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Data found were in the range of earlier published data for sport horses obtained at 

field tests on a track (Harris et al., 2007; Sloet et al., 1987). This suggests that these 

types of tests are useful tools to assess fitness in riding horses.   

 

Table 2. Design of field exercise tests, indoor tests, specific tests for young horses and 

lunging tests used to evaluate fitness of dressage horses. 

Authors Assessment Horses Track Testing procedure 

Steps Rest 

Incremental field tests 

 

Isler et al.  

(1982) 

Fitness of 

Warmblood 

sport horses 

12 Warmblood 

stallions 

Sand 

track 

3 steps of 1650 

m: 5.8-7.5, 7.5-

8.3, 9.2-10 m/s 

8 

min 

Sloet et al.  

(1987) 

Fitness of 

endurance and 

riding school 

horses 

6 endurance 

horses and 6 

saddle horses 

Sand 

track 

864 m 

5 steps of 1100 

m at HR 140, 

150, 160, 170 

and max HR 

8 

min 

Sloet et al.  

(1986) 

Trained and 

untrained 

riding horses 

9 saddle 

horses (with 1 

Standardbred) 

Sand 

track 

864 m 

5 steps of 1100 

m at HR 140, 

150, 160, 170 

and max HR 

5 

min 

Muñoz et al. 

(1997) 

Fitness of 

Andalusian 

horses 

8 young 

Andalusian 

horses 

(3-4 years old) 

Sand 

track 

1000 m 

5 steps of 1000 

m at 4.15, 5.56, 

6.94, 8.33 m/s 

and max. speed 

2 

min 

Muñoz et al.  

(2002) 

Differences 

between 

breeds used 

for dressage 

20 stallions; 9 

Andalusian, 7 

Arabians and 4 

Anglo-

Arabians 

 

Sand 

track 

4 steps of 1250 

m at 4.15 m/s, 

1670 m at 5.5 

m/s, 2080 m at 

6.95 m/s, 2500 

m at 8.3 m/s 

5 

min 

Munsters et al. 

(2012) 

 

Trained and 

untrained 

riding horses 

58 equitation 

school horses 

Gallop 

track 

676 m 

2 laps –walk, 

2x1 lap –trot, 

2x1 lap – canter, 

10x uphill, 2 

laps –fast canter 

0 

min 

Incremental indoor tests 

 

Harris et al. 

(2007) 

Assessment of 

two practical 

field tests 

12 riding 

school horses 

Indoor 

arena  

 

2 laps -walk, 3 

laps -trot, 3 laps 

–slow/medium 

canter, 4 laps -

fast canter 

0 

min 
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Authors Assessment Horses Track Testing procedure 

Steps Rest 

Incremental indoor tests 

 

Munsters et al. 

(2012) 

Fitness of 

riding school 

horses 

26 riding 

school horses 

Indoor 

arena 

 

3 min walk, 2x2 

min trot (L+R), 

2x2 min canter 

(L+R) 

0 

min 

Tests for young horses 

 

Sloet et al. 

(1991b) 

Selection of 

breeding 

stallions 

41 young 

Dutch 

Warmblood 

stallions 

(3-4 years old) 

Lunging 

circle 

 

2 min walk, 5 

min trot, 2 min 

canter L, 1 min 

walk, 5 min trot, 

2 min canter R 

1 

min 

Munsters et al. 

(Chapter III) 

Offspring 

performance 

test 

66 young 

Friesian horses 

(3-4 years old) 

Indoor 

arena  

3 min walk, 2x2 

min trot (L+R), 

2x2 min canter 

(L+R) 

20 

sec 

Lunging tests 

 

Harris et al. 

(2007) 

Assessment of 

two practical 

field tests 

12 riding 

school horses 

Lunging 

circle; 

5-7m 

radius 

2x2 min -walk 

(L+R), 2x2 min 

trot (L+R), 2x2 

min canter 

(L+R) 

0 

min 

Sloet et al. 

(1991a) 

Fitness of 

vaulting horses  

8 Dutch 

Warmblood 

horses used 

for vaulting 

Lunging 

circle 

10-15 min 

warm-up, 15 

min canter in 

own quite pace 

0 

min 

 

Interpretation of outcomes of exercise tests 

 

The interpretation and comparison of  fitness indices generated by SETs is often 

not straightforward, but is greatly facilitated by the use of standardised tests that are 

performed under similar circumstances. Only then good comparisons can be made 

and conclusions drawn about the effects on fitness of different training programmes 

and levels of competition. Eventing is the Olympic discipline that is by far most 

advanced in this respect.  

In eventing horses performing at a higher competition level generally had higher 

VLA4 values compared to horses competing at national or novice level (Table 3). 

Significant differences in post cross-country plasma lactate concentrations were 

found between different levels of one-day event competitions (White at al. 
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1995b).This intuitively agrees with the higher physiological demands (increase of 

speed and length) at higher levels of competition. However, other studies found that 

the range of changes compare well between horses competing at 1, 2 and 3 star level 

(Marlin et al., 1995), suggesting that horses of different levels of competition are  

physiologically challenged to the same extent, but have greater ability when 

 

Table 3. Fitness indices used for event horses in field exercise tests (mean ± sd).  

 

Level Horse VLA4   

 

V200  

 

HRLA4  Author 

Elite event 

squad  

(CCI***) 

Australian 

thoroughbred 

event horses 

11.7* 11.1 ± 1.5  207* Serrano et 

al. (2001) 

National squad 

(CIC/CCI***) 

Dutch event 

horses 

 

10.3 ± 0.4 11.4 ± 0.8 189 ± 10 Munsters 

et al. 

(Chap IV) 

Three-day event 

horses 

(CCI*-CCI***) 

Spanish event 

horses after 4 

months of 

training 

12.1 ± 1.3 - - Muñoz 

et al. 

(1998) 

Three-day event 

horses 

(CCI*-CCI***) 

Spanish event 

horses with 

minimal 

training 

8.3 ± 0.5 11.4 ± 0.8 163 ± 3 Muñoz  

et al. 

(1998) 

Three-day event 

horses 

(CCI*-CCI***) 

French event 

horses of 

different level 

and age 

9.1 ± 0.5 - 172 ± 9 Auvinet et 

al. (1991) 

Event horses 

(CIC*- CCI**) 

Swiss event 

horses 

treadmill SET 

8.5 ± 0.9 9.6 ± 0.8 185 ± 10 Bitschnau 

et al. 

(2010) 

National level 

(pre novice – 

CIC* level) 

Belgian event 

horses 

9.1* 11.8* 172* Amory  

et al. 

(1993) 

National level 

(pre novice – 

CIC* level) 

 

Belgian event 

horses 

8.6 ± 0.2 10.8 ± 0.3 - De 

Moffarts  

et al. 

(2005) 

9 months of 

event training 

Different 

breeds 

- V170  

10.3 – 6.4 

- Cikrytova 

et al. 

(1991) 

* No exact value presented,  data estimated from figures or calculated from the 

formulas described in the manuscript. 
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competing at a higher level. The differences in VLA4 values in our study (Chapter IV) 

indicate that the fitness level of eventing horses may increase as they progress to 

higher levels of competition. It is, however, the question whether this is true for 

maximal efforts as well. Values for mean V200 are similar for all event horses tested in 

the field and range between 10.8-11.8 m/s, irrespective of level of competition (Table 

3). This is in accordance with the similar range of HRs of horses during the cross-

country phase at different levels competitions (Amory et al., 1993; Desmecht et al., 

1996; Marlin et al., 1995; Murray et al., 2006; White et al., 1995a/b). The event horses 

that were tested on a treadmill with an incline (Bitschnau et al., 2010) had on average 

lower V200 values, which may be explained by the fact that exercise at a level treadmill 

causes lower HR and LA levels at the same speeds compared to exercise over ground 

(Sloet van Oldruitenborgh-Oosterbaan et al., 1995).  However, VLA4 values are deemed 

to be more representative of the fitness level of horses at different competition levels 

and hence seem a more valuable parameter to assess fitness level and  to assess if 

horses are ‘fit to compete’ than values such as V200 that are more indicative of 

maximal performance. VLA4 values therefore seem better suited to discriminate 

between fit and unfit horses.  

In various studies, some event horses had VLA4 values below the average speed 

demanded at their competition level (Amory et al., 1993; Munsters et al., Chapter IV; 

Serrano et al., 2001, 2002). These horses should be considered unfit to compete at 

that specific level, as an increase in workload above the anaerobic threshold results in 

an exponential rise in LA, leading to rapid onset of fatigue and a higher risk of non-

completion of a competition because of an injury (Clayton, 1991, Amory et al. 1993, 

Serrano et al. 2002). The deficit in fitness may be due to insufficient training, 

insufficient response to training or the individual animal’s limits of physical ability 

due to genetic factors related with fitness (Bouchard et al., 1999; Schröder et al., 

2011). Cikrytova et al. (1991) showed that 3-year old Thoroughbreds had significantly 

higher V170 values after 9 months of eventing training compared to other breeds, 

reflecting an inherently higher exercise capacity.  

In testing of riding horses, VLA2 and HRLA2, which are thought to be indications of 

the aerobic capacity of horses (Marlin and Nankervis, 2002), are also often calculated, 

additional to VLA4, and HRLA4 (Table 4). In saddle horses VLA4 and VLA2 increased with 

canter training at their aerobic threshold (Sloet et al.,1986, 1987) and were lowest in 

3-4-year-old Andalusian horses (Muñoz et al., 1997). The average HR at which LA 

accumulation starts was 173-174 beats/min (Sloet et al., 1987),  which is lower than 

for top (elite) event horses competing at CIC/CCI*** level (189 ± 10 beats /min), but 

comparable with event horses at competing at lower levels (163-172 beats/min, 

Table 3). Peak plasma lactate concentrations of young Andalusian horses were high 

(LApeak; 25.3 ± 1.3 and 2002; LApeak range of 22.8-19.2 mmol/L, Muñoz et al. (1997), 

compared to other studies evaluating young riding horses (Chapter III, LApeak 5.3 ± 

2.0; Sloet et al., 1991b; LApeak 1.6 ± 0.7 mmol/L). This may reflect the inappropriate-

ness for dressage horses of the exercise tests used by Muñoz et al. alluded to earlier.  
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Fitness indices calculated from exercise tests not defined by controlled speed or 

HR, but standardised by time or distance at a specific gait or transition of gait, are 

more difficult to compare. Exactly the same exercise tests have been used for riding 

school horses and young Friesian horses, showing that young horses have higher HRs 

and LA concentrations indicating lower fitness levels and thus higher efforts to 

complete the test. As mentioned earlier, there is great need of standardising exercise 

tests for Warmblood sport horses to enable meaningful comparison and to assess 

responses to different training methods in a reliable fashion.  

 

Predictive value of exercise tests  

 

The clinical value of exercise tests has been shown in Standardbred and 

Thoroughbred race horses, where fitness indices calculated from exercise test have 

been used to optimise training, to diagnose the causes of reduced performance, 

hence indirectly affecting performance potential or incidence of injuries (Couroucé, 

1999; Couroucé et al., 1997; Davie et al., 2002; Erickson et al., 1987; Persson, 1983; 

Rose et al., 1995, Rose and Christley 1995). Couroucé et al. (1997) divided Standard-

breds in potentially good and average performers based on their VLA4 values; the 

Standardbreds with the higher VLA4 values indeed showed to be good performers in 

racing because of a high aerobic capacity.  Bitschnau et al. (2010) could show the 

same in Warmblood sport horses (riding school horses and event horses), of which 

the good performers had higher fitness indices than average performers.  In the 

study of Chapter III on fitness of young Friesian horses that used an indoor exercise 

test not all animals reached LA4, but some did. The last group scored worse for 

dressage, giving this parameter (reaching  LA4 or not) a predictive value.  

Little is known about wastage and/or injuries in Warmblood sport horses and the 

influence of training and management conditions thereon. From what is known it 

seems that wastage figures in Warmbloods  are relatively high (Munsters et al., 2012 

and Chapter IV and V; Murray et al., 2010; O’Brien et al., 2005; Singer et al., 2008; 

Sloet et al., 2010) and of a comparable level as in race horses (Bailey et al., 1997; 

Jeffcott et al., 1982). There is therefore an urgent need for information that provides 

insight into the causes of wastage and withdrawal from competition, both from a 

perspective of animal welfare and for economic reasons. In this respect regular 

monitoring with help of standardised exercise tests may greatly help in the 

evaluation of fitness and responses to training and may lead to the detection of early 

injury. Erickson et al., (1987) showed in a study in which HR of seven Quarter horses 

was monitored during their training programme that some horses showed a decrease 

in V140 preceding injuries.  

In riding school horses, workload is on average low (Dekker et al., 2007; Munsters 

et al., 2012),but still the level of fitness seems to be an important determinant of the 

incidence of injuries (Munsters et al., 2012). Untrained horses were injured earlier 

than trained horses which were better prepared. Also, eventing horses and ponies 

with higher fitness levels were less likely to get injured in the preparation towards the 
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European Championship, compared to less fit animals (0% of the good performers 

became injured during the season compared to 60% of the average performing 

animals (Chapter IV). In that same study, peak HR during condition was shown to be 

predictive for pending injuries. It seems that SETs have their role in the assessment 

and monitoring of Warmblood sport horses, as they have in other breeds. 

 

Table 4. Fitness indices used for riding horses in field exercise tests (mean ± sd).  

 

Level Horses VLA4 VLA2 V140 HRLA4  HRLA2   

 

Author 

Incremental field tests 

 

No training 7 riding school 

horses 

6.5 

±0.9 

5.6 

±0.9 

-   Sloet  

et al. 

(1986) 

Relatively 

untrained 

20 dressage 

stallions 

 

Lapeak = 22.79 – 19.16 mmol/L Muñoz  

et al. 

(2002) 

Basic 

training 

6 riding school 

horses 

6.5 

±0.7 

5.7 

±0.6 

- 173 

±12 

167 

±8 

Sloet  

et al. 

(1987)  

Aerobic  

training 

2 saddle horses 8.1-

9.6 

7.6-

8.8 

-   Sloet  

et al. 

(1986) 

Endurance 

training 

6 Endurance 

horses 

8.1 

±1.0 

7.2 

±0.9 

- 174 

±23 

167 

±18 

Sloet  

et al. 

(1987) 

Trained 

stallions  

12 stallions 

(4-5 years) 

8.9  - - - - Isler  

et al. 

(1982) 

Young 

horses 

8 Andalusians  

(3-4 years) 

5.6 

±0.4 

3.5 

±0.7 

LApeak = 25.3±1.3  Muñoz 

et al. 

(1997) 

2-6 months 

of training 

 

20 dressage 

stallions 

Lapeak after 2 months; 22.77–12.21  

 

Lapeak after 6 months; 13.24–12.59  

Muñoz  

et al. 

(2002) 

  HR 

walk 

HR 

trot 

HR 

c* 

HR 

fc** 

HR 

rec5 

 

Riding 

school 

training 

58 riding  

school horses 

85 

±17 

110 

±14 

132 

±16 

153 

±14 

90 

±12 

Munsters 

et al. 

(2012) 
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(Table 4, continued) 

Level Horses HR 

walk 

HR 

trot 

HR 

canter 

HR fast  

canter 

HR 

rec 5 

Author 

Indoor field tests 

 

Basic 

training 

26 riding 

school 

horses 

57 

±10 

89 

±9 

113 

±9 

- 72 

±8 

Munsters 

et al. 

(2012) 

Equitation 

school 

training 

12 riding 

school 

horses 

77 

±13 

107 

±7 

137 

±13 

163 

±9 

88 

±6 

Harris et 

al. (2007) 

     Mean 

HR 

 

LA 

after 

SET 

 

13-14 

weeks 

basic 

training 

66 Friesian 

horses  

(3-4 years) 

87 

±12 

138 

±10 

171 

±12 

129 

±9 

5.3 

±2.0 

Munsters 

et al. 

(Chapter 

V) 

Lunging tests 

 

No 

training 

41 stallions 

 (3-4 years) 

- - - 156 

±15 

1.6 

±0.7 

Sloet et 

al. 

(1991b) 

Vaulting  

training 

8 vaulting  

horses 

- - - 113 

±7 

0.8 

±0.2 

 

Sloet et 

al. 

(1991b) 

 

* c= canter 

** fc = fast canter 

 

Conclusion 

 

Exercise tests are commonly used for Thoroughbred and Standardbred race 

horses, but less often for sport horses. This review shows that there is a place for SETs 

in the classic disciplines of Warmblood sport horses as well. An exercise test for 

Warmblood sport horses should be adapted to the demands of the specific 

equestrian discipline. In event horses, a simple four step incremental exercise test is 

mostly used, measuring HR, LA and velocity. In dressage and riding horses, several 

types of exercise tests have been developed, including incremental exercise tests, 

ridden indoor tests and lunging tests. In show jumping, no practical test has been 

defined yet. The variation in set-ups and outcome parameters of the SETs make 

comparisons difficult and there is a clear need of standardisation.  
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In event horses and ponies VLA4 during submaximal exercise intensity is related to 

performance and upcoming injuries and seems to be the most appropriate 

parameter to assess changes in fitness. In riding horses, fitness level was an 

important determinant for the occurrence of injuries as well and the implementation 

of regular exercise testing and monitoring of training sessions may become an 

important asset in the management of Warmblood sport horses. 
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Introduction 

 

The objectives of this thesis were to evaluate workload, fitness and welfare of 

riding horses under practical work and training conditions. Several factors which may 

influence a horse’s performance were assessed: the fitness of horses, their response 

to training and the relation between physical condition and performance and/or 

injuries. Correspondingly, the interaction between horse and rider (cues), rider’s skills 

and experience were evaluated in relation to the stress experienced by the horse 

during work.  

The variables that were used in the present study to evaluate the fitness, workload 

and stress of horses under field conditions included heart rate, speed, heart rate 

variability, plasma lactate concentration and behavioural scores. 

 

Genetics influence fitness in Friesian horses 

 

 This study (Chapter III) confirmed that the fitness of 3- and 4-year-old Friesian 

horses generally improves during a 7-week performance test. However, it also 

demonstrated that there is wide heterogeneity in responses to training: Some horses 

are ‘high-responders’ (large fitness improvement) whereas others are ‘non- or low 

responders’ (hardly any fitness improvement, no improvement, or even a decreased 

fitness). Familial aggregation of HR response to training, which has been reported 

earlier in humans, was identified in horses for the first time. This suggests a genetic 

background for the disappointing training results in some of these Friesian horses. 

Interestingly, some horses were reluctant to exercise, but did not differ in heart rate 

(HR) or blood lactate (LA) levels with horses which completed the standardised 

exercise tests. This reluctance may have been either a sign of overtraining or a sign of 

a non-cooperative character.  

 

Optimal fitness prevents wastage in eventing horses 

 

 The Dutch National Equestrian Federation (KNHS) experienced considerable 

wastage of horses and ponies during training before the European Championships. 

Field testing of elite event horses and ponies described in Chapter IV showed that 

field exercise tests assessing fitness were useful as means of assessing the potential 

risk of injury, since horses or ponies with better fitness indices (‘good performers’) 

were less likely to get injured than horses and ponies with average fitness indices 

(‘average performers’).  

 A further finding in this study was that evaluations of the workload of event 

horses during conditional training sessions showed  that most horses were trained at 

a much lower speed than was required during competition. This may be a problem as 

inadequately trained horses may not be physiologically adapted to the higher 

demands of competition. In addition, HR measured during conditional training had 

predictive value for pending injury. This is an interesting observation that, to the 
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knowledge of the authors, has not been described previously; this now needs 

confirmation in a larger population. 

 

The prediction of injuries 

 

It was possible to use a field standardised exercise test to demonstrate fitness 

differences between trained and untrained riding school horses used for equitation 

education. During a 9-week training period during which all horses received an 

identical workload, untrained horses sustained injuries earlier in the training period 

compared to trained horses (Chapter V). These data combined with the data of 26 

riding school horses showed that while workloads had little bearing on the amount 

of time lost to injury, the way that minor problems were managed did. Horses that 

did not get an immediate training cessation  in response to minor injuries were more 

likely to end their training period for veterinary reasons, compared to horses that 

were given a few days off immediately after the identification of a minor problem.  

  

 Both the study in eventing horses and the study in school horses proved that if 

horses are not carefully trained for the specific demands of their discipline there is an 

increased risk of earlier injury compared to in horses that have been appropriately  

trained for the specific demands of the discipline (Chapter IV and V).  

 

Equine stress and horse-rider interaction 

 

Equine stress and horse-rider interaction are important in equine welfare. If there 

is a harmonious interaction between horse and rider, this is considered as a ‘match’ 

and may be less stressful for a horse. If there is no harmony it is a ‘mismatch’ and this 

may be stressful for the horse. However, these are subjective observations. Heart rate 

and behaviour scores supported the subjective ‘match’ diagnosis; ‘matching horse-

rider combinations’ exhibited less stress as indicated by a reduction in HR and 

Behavioural Score (BS) than ‘mismatch horse-rider combinations’. Heart rate was also 

a valuable tool to assess the compliance of horses; ‘compliant’ and ‘partly-compliant’ 

horses showed significantly lower HR’s than ‘non-compliant’ horses (Chapter VI). 

These findings will contribute to a better understanding of horse-rider interactions 

and may help to improve the welfare of riding horses. 

 

Workload and stress in police horses 

 

Evaluation of experienced and inexperienced police horses confirmed that 

experience as a police horse was not a key factor in how the horses handle stress 

(Chapter VII). All horses showed only modest behavioural responses and only HR 

data provided information for individual evaluation and welfare assessment. Police 

horses showed almost no stress during four different police training tests (Chapter VII 

and VIII). Since three of these tests reflected normal police work, the findings 
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suggested that this type of work is not stressful for horses and will have no negative 

impact on the horse’s welfare. The evaluation of the workload and stress of police 

horses during extreme duties, such as riot control training and night patrols (during 

busiest ‘club’ nights of the week), showed that workload and stress were low 

compared to horses in equine sport disciplines and again are unlikely to cause 

behavioural problems and wastage (Chapter VIII). Overall, it is concluded that the 

workload of police horses does not compromise  their welfare.  

The rider is, however, an exception to this. The rider’s control over a horse’s fear 

response proved to be important in the stress that police horses experience during 

challenging situations (Chapter VIII). If a rider can control the horse’s fear response, 

the heart rate of the horse stays significantly lower than when the rider is not able to 

control the fear response of the horse or even exacerbates it. An insecure, nervous 

rider delivering inconsistent aids to a horse may precipitate a flight response and a 

HR increase. Further research into horse–rider interaction in relation to the 

occurrence of behavioural problems in (police) horses seems warranted.  

 

Transport 

 

Evaluating behavioural and physiological responses of horses during air transport 

(Chapter IX) showed that loading into a jet stall caused the highest increase in HR 

and was considered the most stressful event for horses. However, HRs during loading 

into jet stalls and flying, even with turbulence, were still lower than HRs found in 

other studies during loading for road transport and driving. This supports the 

concept that air transport is more comfortable for horses than road transport.   

 

Conclusions 

 

 Standardised exercise tests proved useful in evaluating the workload, fitness and 

welfare of riding horses under field circumstances. In addition, evaluation of 

physiological and behavioural responses of horses under different circumstances 

including challenging object tests or challenging work situations proved to be 

valuable for the assessment of the stress that horses may experience and for the 

evaluation of horse – rider interaction.  

 

It proved possible: 

 

 To monitor and define fitness of young Friesian horses and riding school 

horses using a five-step indoor exercise test  

 

 To find familial aggregation of fitness responses to training in young Friesian 

horses 
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 To monitor and define fitness of elite event horses and ponies using a four-

step exercise test in the field 

 

 To differentiate between good and average performers in elite event horses 

and ponies and to assess the relationship between fitness and injuries 

 

 To find a significant difference in fitness between trained and untrained 

riding horses using a step-wise exercise test in the field 

 

 To find that early treatment of small injuries is important to prevent more 

serious injuries later on 

 

 To support with objective variables the subjective ‘match’ diagnosis between 

horse and rider and the compliancy of horses. 

 

 To identify the workload and stress that police horses experience during their 

normal work and extreme situations like riot control training and night 

patrols  

 

 To determine that horse-rider interaction and especially rider skills are 

important for the stress that horses experience during challenging situations 

 

 To support the concept that air transport is less stressful for horses than road 

transport. 

 

 To show that heart rate, speed, plasma lactate concentration and behavioural 

score were useful parameters to evaluate the fitness, workload and stress 

under many different field circumstances, while heart rate variability 

measured with a Polar RS800 was disappointing. 

 

 To conclude that in some riding horses heart rate seems more useful to 

assess stress level than behavioural scores, indicating that something like an 

‘introvert personality’ may exist also in horses.  

 

Future 

 

The usefulness of standardised exercise testing under field conditions has been 

clearly demonstrated in this  thesis. However, further research and standardisation of 

field exercise tests for different equine disciplines is necessary. It may also be useful 

to characterise equine fitness indices for different disciplines and competition levels. 

These indices will be helpful in optimising equine welfare within different equine 

sporting disciplines and in evaluating whether horses are fit  to compete in a specific 

equine discipline and at a specific competition level.    
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As horse-rider interaction has been proven in this thesis to be important, riders 

need to be educated in equine learning processes and in delivering the right cues at 

the right moment to prevent miscommunication and behavioural problems that may 

adversely influence the horses’ welfare. If problems have arisen, good instruction with 

sufficient knowledge of horse-rider interactions is the basis of the rehabilitation 

process and is therefore essential in optimising equine welfare.   
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Hoe veeleisend is het leven van een rijpaard? Praktijkonderzoek naar fitheid, 

belasting en welzijn. 

 

Het doel van dit proefschrift was het in de dagelijkse praktijk onderzoeken van 

fitheid, belasting en welzijn van rijpaarden onder verschillende werk- en 

trainingsomstandigheden.  

Als eerste werden jonge Friese paarden onderzocht. Bij deze paarden verbeterde 

conditie tijdens training, maar er was een grote diversiteit in de trainingsrespons en 

dit bleek familiair gerelateerd.  

Bij onderzoek van eventingpaarden en pony’s bleek dat fitte paarden (‘good 

performers’) minder vaak geblesseerd raakten dan minder fitte paarden (‘average 

performers’). Vergelijkbare resultaten werden gevonden in de studie naar de paarden 

van leerlingen van NHB Deurne en manegepaarden, waarbij in Deurne ongetrainde 

paarden eerder geblesseerd raakten dan getrainde paarden. Daarnaast bleek het 

direct geven van een rustperiode als men een ogenschijnlijk kleine blessure 

signaleert, essentieel om langdurige uitval op langere termijn te voorkomen.  

Bij politiepaarden werd gevonden dat de stress en werklast heel beperkt waren 

tijdens normale politietraining, training voor de Mobiele Eenheid en nachtdiensten. 

Het werk van politiepaarden is in vergelijking met sportpaarden niet zwaar en lijkt 

ook niet het welzijn aan te tasten. Echter, de manier waarop de ruiter probeert een 

angstreactie van het paard onder controle te houden tijdens uitdagende situaties 

bleek wel van invloed op het ontstaan van stress bij het politiepaard.  

In een onderzoek naar het ‘passend’ (match) of ‘niet passend’ (mismatch) zijn van 

een paard-ruiter combinatie bleek dat de stress van rijpaarden lager was bij een 

‘match’ dan in geval van een ‘mismatch’.   

In het laatst beschreven onderzoek bleek de stress die paarden ervaren tijdens 

vliegtransport lager te zijn dan tijdens vergelijkbaar wegtransport.  
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How challenging is a riding horse’s life? Field studies on fitness, workload and 

welfare. 

 

The objectives of this thesis were to evaluate in practice workload, fitness and 

welfare of riding horses under work and training conditions.  

Chapter II presents an overview of the parameters used in earlier studies on 

training, behaviour and equine welfare, and describes the evaluation of the 

physiological and behavioural responses of horses in field work.  

Chapter III describes a study on the fitness and responses to training of young 

Friesian horses. The fitness of horses appeared to improve but there was wide 

heterogeneity in responses to training. A familial aggregation of heart rate (HR) 

response to training was identified in horses for the first time.  

 Chapter IV describes a study monitoring the complete national selection of event 

horses and ponies during preparation for the European Championships in 2010 and 

2011. Fitness assessment provided a useful way to predict the potential risk of injury, 

since ‘good performers’ were less likely to get injured than ‘average performers’ and 

heart rate measured during conditioning training had predictive value for impending 

injury.  

Chapter V presents a study on riding school horses, which were monitored for 

their fitness, workload and the causes of temporary training breaks and premature 

training terminations. Untrained horses sustained injuries earlier in the training 

period than trained horses. Horses which were not given time off in response to 

minor injuries, were more likely to end the training period prematurely than horses 

that were immediately given a few days off. 

Chapter VI describes a study on the behavioural and physiological responses of 

horses encountering challenging objects with three different riders. ‘Matching’ horse-

rider combinations exhibited less stress than ‘mismatch’ horse-rider combinations. 

Heart rate was also a valuable tool for assessing the compliance of horses.  

Chapter VII reveals that experience is not a key factor in how police horses handle 

stress. Horses showed almost no stress during the police-training tests. Since three of 

these tests reflected normal police work, the findings suggested that this type of 

work has no significant or detectable negative impact on the horse’s welfare. 

Chapter VIII demonstrates that during extreme duties, such as riot control training 

and night patrols the workload and stress of police horses, were low and were again 

unlikely to cause behavioural problems and wastage. However, the rider’s control 

over an individual horse’s fear responses proved to be important in the stress that 

police horses experience during challenging situations.  

Chapter IX describes a study on the stress that horses experience during air 

transport. HRs during air transport, were lower than those reported in studies on 

road transport. This supports the concept that air transport is probably more 

comfortable and less stressful for horses than road transport.   

Chapter X reviews the different methods used to evaluate the fitness of 

Warmblood sport horses under field conditions. For event and dressage horses 
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several types of exercise tests have been developed, but there are no validated 

methods for show jumping horses. In event horses, VLA4 is related to performance 

and impending injury. In riding horses, fitness level was also an important 

determinant for the occurrence of injuries. 
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Dankwoord 

 

Dit proefschrift kon alleen maar tot stand komen dankzij de fanatische hulp van 

vele mensen en de inzet van de paarden. Ik ben alle mensen ontzettend dankbaar 

voor de door hen geleverde inspanningen en het resultaat wat we samen hebben 

neergezet. 

 

Vanaf kleins af aan heeft Adri van Esch, paardenman in hart en nieren, mij alle 

beginselen van de paardensport en fokkerij bij gebracht, ook het onmisbare 

‘horsemanship’. Adri, ongelofelijk bedankt voor alle kennis en wijsheid die je met me 

hebt gedeeld, de interessante discussies in de auto op weg naar wedstrijd, de 

enorme gastvrijheid van jou en Lucy en natuurlijk je hele fokkerij met top pony’s en 

paarden. Ik heb een super tijd gehad bij jullie! 

 

Als fanatiek wedstrijdruiter was ik al gefascineerd door alles wat met de training 

en de fysiologie van mens en paard te maken had. Tijdens mijn studie Biologie kreeg 

ik de mogelijkheid mezelf te verdiepen in deze fysiologie en door middel van diverse 

onderzoeken maakte ik kennis met de onderzoekswereld. Alhoewel ik onderzoek 

doen erg leuk en boeiend vond, leek me de combinatie van lesgeven, sportpraktijk 

en onderzoek aantrekkelijker. 

Na mijn studie ben ik dan ook gaan werken bij NHB Deurne. In Deurne werd 

destijds het Fieldlab Paardensport opgestart. Eerst ben ik daar begonnen als docent 

trainingsleer en voeding, maar langzaamaan verschoof mijn aandacht zich meer 

richting het praktijkonderzoek.  Wat heb ik dat met veel plezier gedaan, de 

combinatie van onderzoek met de inzet van MBO-, HBO- en universitaire studenten 

was echt geweldig. Wat hebben we met z’n allen gave projecten en onderzoeken 

gedraaid!  

Omdat we op zoek waren naar een betere aansluiting van het praktijkonderzoek 

met de wetenschap, zocht ik in de zomer van 2009 contact met Marianne. Ik weet 

nog dat ze zei, ‘neem maar alles mee wat je hebt en dan kijken we wel wat de 

mogelijkheden zijn’. Dus ik had allerlei meetgegevens, fittesten en 

onderwijsprojecten mee genomen naar Utrecht. Toen Marianne aangaf dat hier 

misschien wel een promotie onderzoek in zat, kwam dat voor mij redelijk onverwacht. 

Promoveren op een praktijk onderzoek met/naar paarden leek me fanatisch! Ik had 

het hier wel eens met Mark Timmerman over gehad, maar nu ook René Wijlens 

samen met Marianne hierachter stonden kreeg een mogelijke promotie vorm. Om te 

kijken of het ook haalbaar was, zouden we eerst een abstract schrijven voor het ICEEP 

congres. Toen dit geaccepteerd werd voor het congres, was dat ook meteen de start 

van mijn promotie onderzoek. René van Weeren wilde wel mijn promotor zijn en zo 

kon het eerste gesprek over de invulling van het promotie traject plaats vinden. Aan 

het einde van het schooljaar legde ik mijn taken bij NHB Deurne neer, om zo meer 

ruimte te maken voor mijn promotie onderzoek. Om er voor te zorgen dat er wat 

brood op de plank kwam, startte ik mijn eigen bedrijf Moxie Sport analysis & 
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coaching. In oktober 2010 werd mijn promotie traject officieel en stond ik voor de 

grote uitdaging om aan de slag te gaan als parttime promovendus en startende 

ondernemer. Het viel niet altijd mee en het was soms een hele beproeving, maar met 

de steun en medewerking van vele mensen is het toch gelukt. Zonder mensen te kort 

te willen doen, wil ik toch enkele mensen in het speciaal bedanken. 

 

Lieve Marianne, ik kan jou niet genoeg bedanken voor je hulp en inspiratie die je 

mij gegeven. Gedurende het hele traject was je een ware drijfveer voor mij. Ten 

eerste was er geen promotieonderzoek geweest zonder jouw inzet en lobby bij de 

universiteit. Daarnaast was je de beste begeleider die ik me maar kon wensen; ik kon 

altijd bij je terecht. Wanneer het even tegenzat, of dat nu was met het onderzoek, 

met een van mijn paarden of met mijn bedrijf, had je altijd goede tips en adviezen 

om het aan te pakken en op te lossen. Een dagje bij jou werken was altijd erg 

productief, maar ook zeker zo gezellig. Ik heb genoten van deze dagen, het werken, 

de gezellige lunches, de gesprekken over de meest uiteenlopende onderwerpen en 

de ongelofelijke gastvrijheid van het hele gezin. Ik heb ontzettend veel van je geleerd 

en ben je daarvoor heel erg dankbaar! En wat geweldig dat je uiteindelijk Professor 

werd en zo ook mijn eerste promotor! Ik vind het een eer om je ‘eerste’ 

promovendus te mogen zijn. 

 

Beste René, dank dat je het aandurfde om het promotietraject met mij aan te 

gaan en voor je steun als promoter hierin. Ondanks dat door de drukke 

werkzaamheden de begeleiding hoofdzakelijk via de mail ging, ben ik je erg 

dankbaar voor al je adviezen, het delen van je inzicht in praktijkonderzoeken en hoe 

we deze het beste konden vormgeven en je ongelofelijk goede tips tijdens het hele 

schrijfproces, wat de artikelen weer verder aanscherpte. Dank hiervoor!  

  

Beste Jan, dank voor al je statistische hulp tijdens onze onderzoeken. Ik denk bij 

jou toch vaak aan de linear mixed models, t-waardes in plaats van p-waardes en het 

sparren over hoe we dit nu weer voor sommige reviewers duidelijk moesten maken. 

Dank voor de gezellige en leerzame samenwerking en het feit dat je mijn co-

promoter wilt zijn.  

 

Zonder de collega´s van NHB Deurne was ik denk ik nooit gaan promoveren. 

Ondanks dat het zeker niet zonder hobbels ging, ondersteunden jullie wel het 

paardenpraktijkonderzoek en het fieldlab. Ik dank jullie allemaal voor de ongelofelijk 

gezellige tijd, humor en de inzet. Ook wil ik jullie bedanken voor de vele nuttige 

discussies die we hadden over hoe de wetenschap vertaald kon worden naar de 

praktijk. Dank ook aan alle studenten die mee geholpen hebben in de vele 

onderzoeken en projecten. Daarnaast wil ik ook de collega’s van de Fontys 

Sporthogeschool bedanken voor hun steun tijdens de laatste fase van mijn promotie 

onderzoek.  

 



                                                                                                                                    Dankwoord                                                                                                                                                                                                                                                            

 

225 

Kathalijne Visser, jouw gedragswetenschappelijke inbreng en inzicht was erg fijn in 

onze onderzoeken. Ik heb hier veel van geleerd en dank je voor je aandeel als 

medeauteur van artikelen en je steun door het hele promotie traject heen.  

 

Patricia de Cocq, dank voor jouw inspanning tijdens de gezamenlijk projecten en 

onderzoeken in het fieldlab om praktijk en wetenschap te combineren. Ik vond het 

erg leuk om je bij te staan vorig jaar tijdens jouw promotie en wens je ook nog heel 

veel succes met je verdere carrière bij de HAS den Bosch. 

   

Cees van Beckhoven, de hartslagman, ‘m’n maat’. Mijn dank ik groot. Ik kon altijd 

op je rekenen. Je hielp me enorm wanneer er problemen waren met de 

hartslagmeters tijdens mijn proefschrift, zoals het lenen van extra hartslagmeters 

voor de fittesten van manegepaarden en het vlieg onderzoek. Het heeft jou (en mij) 

soms veel stress gekost, maar ook zeer veel goede en humoristische momenten. 

Jouw passie voor het vak en voor de mensen maakt jou een uniek persoon en ik kijk 

uit naar voortzetten onze plezierige samenwerking! 

 

De bereden politie van Nunspeet en het korps uit Eindhoven en voornamelijk 

Simone, Marcel en Jos, dank voor de vrijwillige medewerking, inzet, gastvrijheid en de 

enorme lol tijdens de onderzoeken. Praktijkonderzoek op z’n top; ´s nachts 

politiepaarden achtervolgen met de fiets en een rugzak vol meetapparatuur was een 

ervaring die ik nooit meer zal vergeten. Al was ik toch erg blij dat we de ME 

trainingen simuleerde en de hooligans enigszins gecontroleerd waren. Linda en 

Marijke ook jullie bedankt voor bijdragen aan de metingen.  

 

Martin Lips, Emile Welling, Jan Huizinga, Arie Hoogedoorn, Ad Wagemakers en de 

KNHS wil ik bedanken voor hun inzet en het geloof in het monitoren en meten van 

de fitheid van de topsportpaarden. Ook dank hiervoor voor het Fries 

paardenstamboek, de KFPS, Ids Hellinga, Evelien en Marten Pellenboer. Bedankt dat 

ik deze informatie mocht gebruiken voor een wetenschappelijk artikel en mijn 

proefschrift.  Jan willem de Gooijer en Raymond Tilburg, bedankt voor de inzet, de 

metingen tijdens de vlucht en prettige samenwerking tijdens het vliegtuig onderzoek. 

 

De beoordelingscommissie, Prof. Dr. F. Ohl, Prof. Dr. P. Deprez, Prof. Dr. H. Amory, 

Prof. Dr. F.J.G Backx en Prof. Dr. D. Knottenbelt ben ik dankbaar voor hun moeite het 

proefschrift door te lezen en ik hoop op de promotie hun vragen te kunnen 

beantwoorden. 

  

Kim, Elle, Tineke, Debby, Dana, Anne, Frank, Jolanda, Roel, FB en Sandra, mijn 

vrienden en vriendinnen jullie verdienen ook een eigen paragraaf. Want zonder jullie 

steun en begrip voor mijn promotie was het niet gelukt. Maar de vele afleiding van 

mijn proefschrift in de vorm van avonden en nachten ouwehoeren, festivals, 

weekendjes weg, etentjes en liters thee leuten, welke altijd gepaard gingen met 
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belachelijk veel slappe klets, hebben misschien nog wel meer dan verwacht 

bijgedragen aan het slagen van mijn proefschrift. Sandra, ook heel erg bedankt dat je 

mijn paranimf wilt zijn en voor je steun tijdens de laatste momenten van mijn 

promotie.  

 

Mijn lieve familie alsook die van Guus, wil ik heel erg bedankten voor de support 

en aanmoedigingen. Jet, bedankt dat ik altijd met je kon sparren over mijn 

proefschrift en de gezellige choco zaterdagen dat we gezamenlijk aan onze 

promoties zaten te werken. Fijn dat je mijn zus bent en nog heel veel succes met de 

laatste loodjes van jouw promotie! Harm en Willem, bedankt voor alle steun tijdens 

mijn promotie, en dat ik altijd bij jullie aan mocht kloppen als er weer rare dingen 

verschenen op mijn computerscherm of andere, voor mij vreemde, technische 

storingen optraden. Mam, bedankt dat je er altijd voor me bent, je ongelofelijke 

goede zorgen en liefde. Pap, bij jou kan ik ook altijd terecht en bedankt voor al je 

wijze lessen, aanmoediging om mijn eigen bedrijf te starten, hulp hierbij en je 

inzichten. Het komt altijd goed.   

 

Lieve Guus, woorden schieten te kort, dank voor je liefde en steun. Je bent er altijd 

voor me en ik vind het super om samen met jou door het leven te gaan. 
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Hooge Mierde, The Netherlands, 26-29 October 2011. 

  

Munsters, C.C.B.M., Sloet van Oldruitenborgh-Oosterbaan, M.M. Eventing, wat kun je 

daaraan meten? Najaarsdag Groep Geneeskunde van het Paard (GGP) – Koninglijke 

Nederlandse Maatschappij voor Diergeneeskunde (KNMvD). Military Boekelo, 12 

oktober 2012.  
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Carolien Catharina Berdina Maria Munsters is born on August 31th, 1983 in Veghel. In 

2001 she finished secondary school at the Zwijsen College in Veghel. In 2001 she 

started the course of Biology at the university of Nijmegen. In 2006 she finished her 

studies and started to work as a lecturer in exercise physiology at NHB Deurne and as 

a project manager of the fieldlab for equine applied sciences.  In 2009, she became 

the senior project manager of this fieldlab. In 2010 she started with her PhD study at 

the department of equine sciences, faculty of veterinary medicine at Utrecht 

university and began her own company Moxie Sport Analysis & Coaching. Next to 

her own company, she is currently working as a lecturer at Fontys University of 

applied sciences, institute of human movement and sports.  

 

Carolien Catharina Berdina Maria Munsters  is geboren op 31 augustus 1983 te 

Veghel. Na het behalen van haar atheneum diploma aan het Zwijsen College te 

Veghel, begon zij in 2001 aan haar studie biologie aan de universiteit van Nijmegen. 

In 2006 rondde zij deze studie af en begon ze te werken als docent 

inspanningsfysiologie en projectleider van het fieldlab paardensport te NHB Deurne. 

In 2009 werd zij senior projectleider van dit fieldlab. In 2010 startte zij met haar 

promotie studie bij de afdeling paard aan de faculteit Diergeneeskunde van de 

universiteit van Utrecht en begon ze haar eigen bedrijf Moxie Sport Analysis & 

Coaching. Momenteel werkt ze naast haar eigen bedrijf ook als docent bij de Fontys 

Sporthogeschool.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


