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1. Introduction

In several highly evolved mammals, one side of the bilatetaityely symmetric body is stronger
developed than the other, be iwith regard to bone measurements, muscle development,
vascularisation, or most important¢ the neural ystem inclding the brain (Ludwig 1932 oren &
Porac 1977, McManus 2002, Hammond 2002, Bagesteiro & Sainbury) 2lGRese asymmetries of

the principallybilateraly symmetriclocomotor apparatus and nervous system are usually subsumed
under the term'laterality”. Based on sidbiased behaviour on different levels, various types of
sensory and motor laterality can be distinguishd@the existence of laterality has been observed in
many species including humans and horses since longtieéa(Guériniérel733, Steinbrecht 1901
Coren & Porac 197%7The majority of humans are proven to be rigtanded, i.ethey are lateralized
such that they prefertheir right hand for reaching tasks or using tooléolkmannet al. 1998,
Dragovicet al. 2008. The oppositenight be true for motor laterality in horses (McGreevy & Rogers
2005, McGreevy & Thomson 2006, Murphy & Arkins 2008)wever,some authors disagree
(Miseler 1933, Podhajski 1968, Klimke 1985, Loch 2000, Williams & Norris 20@) might be
explained byarying definitions of lateralityFactors influencing the degree and direction of hof3es
laterality, as well as the influence of laterality on the communication between horse and rider, have
not been satisfactorily investigated yet. The results of masi studies, however, indicate that
KdzYly KIyRSRySaa |yR K2NBRSQa f I Gwhibkid ak importanth 3 K

measure of horseider communication



2. Aim of the present study

The reins are one of the main means of communicatietween horses and riders and asymmetric
NEAY GSyaAirzy YAIKEG € SIR G2 yS3kidek @@8municatioh addi a 2 F

training. Therefore, this study aims at investigating the following questions:

1. Isthere agreement between latergfitests used in horses?

2. Do laterality test results obtained on the ground relate to laterality during riding?

3. What is the most common direction df 2 NEn®tOralaterality in the populations of
warmbloods, ponies, American Quarter Horses @indroughbred®

4. |s the hteral displacement of the hirgliarters a valid indicator fok 2 NJnSter daterality
and if so, what is the heritability in warmbloods afitbroughbreds?

5. Does motor laterality and race track direction affect performairmceacirg Thoroughbreds?

6. Does a relationship between motor laterality and shortened or stiff muscles exist?

7. How doK 2 NJater@lidy and human handedness affect rein tension in different riding styles
and disciplines?

8. Which influence could the matching of horsgider-laterality have on communication,
training, risk of injury and sport results?

9. Which other factors might influence rein tension, symmetry and performance?



3. Literature

3.1 Laterality in ancient and modern human populations

Laterality, the preference of onbody side over the other, occurs in humart$ofno sapiensand

horses Equus caballys as well as many other species (McManus 2002Greevy & Rogers 2005
Vallortigara 2006). Ever since the appearance of humans, handedness was present (Coren & Porac
1977, McManus 2002). Since handedness has been documented on the population level in great
apes, too Christel 1993, Christel et al. 1998ppkins et al. 2011), it is hypothesized that it might
have been inherited from a common ancestor (Forrester et al. 20&Bijowo & Forrester 2013). The
preference of one hand over the other leads to structural asymmetries not only of muscles, but also
of bone structure (Lazenbgt al. 2008). This is manifested in differences such as increased bone
surface density, bone voluenfraction and trabecular number according to the principle of articular
constraint (Lazenbgt al. 2008). In professional athletes whose preferred side is loaded heavier than
that of the average population from early childhood on, this occurs to an ereaiay extend (Steele

2000). However, even school children tend to develop an increased length of the long bones of their
dominant side (Steele 2000). Bone adapts to its general loading in order to form a functional
structure (Lazenbyet al. 2008). This kowledge was used in studies investigating handedness in
ancient populations and hominids e.g. by measuring bone dimensions such as cerebral asymmetries
(Holloway & de la Costeareymondie 1982, Mcmanus 2QORazenbyet al. 2008. Findings of
asymmetric boe lengths and muscle attachment sites (Walker & Leakey 1993, Triekalis1994)

as well as evaluations of ancient tools and weapons suggested the existence of handedness and
especially of lefhanded subjects (Coren & Porac 1977, McManus 2002, Toth) li88&ncient
populations. Even among great apes, the overall directions of laterality seems to differ among the
species(Christel 1993)with orangutans being mostly lefhanded whilst other species show right
handedness overall (Hopkins et al. 2011, ®aloi & Forrester 2013). However, handedness in great
apes has been influenced Isjtuational factors, posture and grip morphology toGh¢istel 1993,
Christel et al. 198).

3.2 The development of handedness

There are many theories how handedness devetbped why it persisted. The development of
language is suspected to be an important trigger (Hugdahl & Westerhausen 2009), as well as an

increasing complexity of activities through the use of tools (Uomini 2009). It is argued, that
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handedness developed fno manual gestures during the process of language development (Corballis
2003). The majority of humans (up to 89%) are categorized ashiagited (Annett 1978, Volkmann
et al. 1998 Dragovicet al. 2008. Especially females are most often right biased ¢Gwod et al.

2007), whereas the majority of leftanded humans are male (McKeever 2004).

Lefthanded parents are significantly more likely to have a-leided child than righhanded

parents are. In order to explain these tendencies, several geneiitefs have been suggested and
Y2RATASR 208SNJ GKS t1 4G on &@SINB® ¢KS awAIKG { KAT
model by McManus (1985, McManus & Bryden 1992) mainly suggest handedness to be a single gene

trait. It occurs very frequenglin the population, but is not passed on by the Mendelian mechanism

of inheritance (Van AgtmaeitalH nnmo ® ¢KS o6l aA0 ARSI Aa (GKS SEAA
3SyS o6!yySiid mohptryo 2N I GRSEGNIté¢ ISy $othestR | a0
models, righthandedness is caused in dominant homozygotes and heterozygotes (rs++Db5+

DC). The direction of handedness in recessived £) in contrast is completely left up to chance

(Annett 1978, McManus 1985). However, especially nfrechanisms of the maternal effect, i.e. that
left-handed women produce more leftanded children than lefhanded men do, remain
unexplained (Van Agtmael al. 2001). Furthermore inheritance of handedness was suggested to be

discrete instead of continugsly (Dragoviet al. 2008) or based on three genes in males and six genes

in females that are additivéMckeever 2004). Currently, it seems that both models by Annett and
McManus were proven wrong by genome wide studies, which revealed that the genetiisdb

laterality might be more complex (Armour et al. 2014) and that a major laterality gene or mutation

might not exist after all (Ocklenburg et al. 2017).

The development ofateralizedbehaviour appears to be influenced by more than just genetic factor
(Jones & Martin 2008). Physical, environmental and in utero factors such as maternal hormones,
anxiety, day length, temperature, disease pattern and nutrition have often been suggested as
influential too (Jones & Martin 2008). In the individuldteralized behaviour is already present
during early infancy (Morang®lajoux et al. 2000) and manifests by the age of two (Nelson et al.
2013). The degree of handedness increases with age (Greenetoald2007), but seems to have
decreased again in the populaty’ 2 F & 2 f RADa et RIAZOLL Bikce there is a bias in
embryos to preferably suck their right thumb, laterality seems to develop in utero (Hegpat.

1991) e.g. with the cytoskeleton during early stages of the embryogenesis (Vandenbérg@t3).

Also cultural influences have determined the direction of laterality in many populations. For a long
time left-handedness has been regarded as mgand urnatural Peters 1997 McManus 2002 Up
dzy G A £ ( K S-handeapchil@énsin Bur@@nicountries such as France and Italy have been

converted to writing with their right handviggianoet al. 2001, McManus 2002Coudeet al. 2006).
9



Especially older subjects, who grew up in these countries are less likely to use their left hand for
writing (Medlandet al. 2004). Even within a country such as Great Britain or Italy, the number of left
handed inhabitants varies according to the different regions (Viggeinal. 2001, Raymond &
Pontier 2004). In England, the incidence of-leindedness isigher than in Scotland and Wales
together (Leask & Beaton 2007). The incidence ofHaftdedness and ambidexterity in the overall
population is approximately 11% (McKeever 2004). In some cultures such as, aibia and India,

the number of lefthandersis low due to cultural pressure (McManus 2002, Kushner 2013). In others
such as the island of Tristan da Cunha,-tefbtdedness is noeaxistent. The reason for this is
suggested to be a combination of founder effects, bottleneck situations and randontainging the

responsible genes to disappear from the gene pool (McManus & Bryden 1993).

3.3 Structural asymmetries related to laterality

Laterality affects many different structures, functions and behaviours even in the modern
populations. The majorityof righthanders are also rigHboted and righteyed (Elias 1998).
However, neither does every type of laterality seem to be related to handedness, nor does the
strength of dominance relate to each other. The preferred chewing side e.g. does not co@lat
handednessNicManuset al. 1999 MartinezGomiset al. 2009) and strong motor laterality does not
enhance sensory laterality (Carey & Hutchinson 2013). Sensory and motor differences have been
discovered in right and leftanded humans. In modern pog@tions greatest asymmetries have been
found in upper and lower limb bones, showing a stronger rigfds in upper limbs and females and

the incidence of crossed symmetry between upper and lower limb dimensions (Auerbach & Ruff
2006). In contradiction, sigficant differences in bone length of modern populations have also been
argued to occur without any relation to handedness. According to these assumpliteslized
stresses experienced in modern societies are not sufficient anymore to lead to bomemasgyes
(Danforth & Thompson 2008).

Hand movement seems to be controlled not only by the responsible hemisphere, but also by central
pattern generators (CPGs) and other biomechanical factors responsible for motor control (Olex
Zarychta & Raczek 2008).eTprimary motor cortex is larger in the donant hemisphere{riggset

al. 1999 Hammond 200Rand finger movements are represented asymmetrically (Volknedrad.

1998). Motor nerves in dominant limbs showed higher conduction velocities (Faedil. 1987,
Sathiamoorthy & Sathiamoorthy 1990) and an increased amount oftsiiteh (type 1) muscle fibres

with reduced firingrates (FugMeyer et al.1982, Adamet al. 1998). In the dominant hand lower
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average firing rates, lower recruitment thresholds (GoBleBrown 2008) and greater firing rate
[force delay occur. This leads to the conclusion that the lifetime preference of one limb results in
muscle adaptations causing an increased effectiveness of motor units (Atam1998). Shoulder
muscles of the domiant side, such as tha. trapezius showlessEMG muscle activity (Bagesteiro &

Sainburg 2002) and lefstigue (Mathiasseret al. 1995 Farina & Merletti 2008

In contrast to males, who moved their upper limbs asymmetric according to their hand dorainan
females were faster and more symmetric (Adamo et al. 2012). Movement asymmetry depends on
movement frequency and is more pronounced in righainders. It seems to result from interlimb
coupling during movement with the netiominant limb being in chargéoel et al. 2007). For hand
movement, greater torques was found in men, in supination as opposed to pronation and in the
dominant hand (Rey et al. 2014)hese findings further indicate an advantage when it comes to
movement of dominant limbs. Howevehe type of movement has an important effect on muscle
fatigue and EMG activity (Diedrichsehal. 2007, Hanssomet al. 2009). Wrist movement with low
velocity usually allows much muscular rest. The exception is intensive mouse operations in front of a
computer which usually allows only very little rest (Hanssdral. 2009). Additionally, the joints of
dominant hands usually show a greater range of motion (Benhal. 1986). However, theange of
movement in the shoulders, arms and wrists decreases vgthwhile at the same time the risk and
incidence of injuries and disabilities increases especially for persons confronted with high manual

strain (Klum et al. 2012).

The advantage of the dominant hand is greater, the more difficult the type of moversettis e.g.
larger for handwriting than for grip strength (Provins & Magliaro 1989). The greatest grip strength
was found in the age group of 3® yearolds (Klum et al. 2012%rip strength was discovered to
increasewith more repetitions and less rasfy time (Lim & Kong 2014). The greatest pulling strength
was exhibited when the pulled object was located at the side and below the level of the shoulder (Lin
et al. 2013).Women were discovered to show significantly greater grip strength in the aght
opposed to the lefthand, an asymmetry that might be opposite to men (Klum et al. 2048).
difference between dominant and netiominant hand was detected when it comes to the control of
fingertip force, though. It is suggested that laterality should naliyde regarded from a kinetic, but

also from a kinematic point of view (Buckingham et al. 2012).
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3.4 Differences between left and right -handed humans

Both sides of the body are suggested to be represented and controlled by the opposite hemisphere
of the brain. Different regions of the brain are supposed to be responsible for different tasks
(McManus 2002). A more demanding task would require action of additional brain regions
(Weissman & Compton 2003). This way of dividing tasks between the diffammispheres is
thought to speed up processing. However, practicing a task means its performance becomes less
difficult and the advantage decreases (Weissman & Compton 2003). In théhagted population

the nondominant, left arm has been suggested toopide a frame for interactions with the
dominant arm (Sainburg 2002). It is usually used for unskilled tasks such as picking up small objects
and for stabilizing objects which are then manipulated by the dominant hand (Brgtdah 1997,

McManus 2002). Mst of the time it is moved before the dominant arm starts to act (Sainburg 2002).

Both, left and righthanders usually perform tasks better with their dominant hahidwever, left
handed subjects are not just a mirror inverted version of a ritdnided @rson (Goble & Brown
2008,a A OKI 026 &1 A 3 ThéNskeininGch leieralizedinpcomparison to righhanded
subjects (Goble & Brown 2008, Rousson et al. 2009)}hiaefied subjects usually appear to be more
skilHull and faster with their nordominant hands and use themore often than righthanders do
(Steenhuis & Bryden 1999, Rousson et al. 2009). Furthermordydetters often perform superiorly
in bimanual tasks (Judge & Stirling 2003).

In contrast, in a recent study, nedominant hands performed better than dominahands in both,

left- and righthanders in proprioceptive tasks. The effect of performing better unimanual than
bimanual was greater in lefianders (Han et al. 2013). On the other hand, -leftders are
considered to show superior proprioception in bo#drms (Schmidt et al. 2013).Lefthanders
perceived grip force more accurately and were able to perform more symmetrically, whereas right
handers showed asymmetric perception and grip force when their right hand was generally stronger
than their left. Wit equal general strength or the left hand being stronger, asymmetry decreased

(Adamo et al. 2012).

Handedness seems to be stronger in ribhnhders, since the areas responsible for motor function
are connected more effectively compared to Kefinders (Pol et al. 2015). It is suggested that the
direction and degree of handedness strongly influences information processing on the levels of
conception, perception and motor function and that mixedr inconsistenthanders are more
responsive and ready to uptiatheir decisions (Jasper et al. 2014). Also, the superior
performance of many lefhanders e.g. in cognitive tasks is hypothesized to be caused -by bi

12



hemispheric activation and short intdremispheric transit times (lwabuchi & Kirk 2009gveral
studieshave indicated that righthanded humansave their attention biased toward their right hand
during bimanual coatination Peters 1981Buckingham and Car@p09). They seem to move their

right hand faster and more readily than their left (Buckingharale011).

In the righthanded population, the dominant side usually shows more muscle mass (Steele 2000).
The dominant hand achieves about 10% more grip force than thedoaominant hand does (Steele
2000), which is also confirmed for riders holding tléns (Hobbs et al. 2014). Annett (1998) has
found that in tasks asking for rapid, precisely aimed movement, usually the dominant hand moves
more skilifully. Bilateral training of tasks such as dribbling a ball with both legs during soccer
training, howeve, can potentially modify the performance of the ndoeminant limb (Teixeirat al.
2003).The strength of handedness influences time perception with mixaaders perceiving distant

events to be more present than persons with strong handedness (Wedttlll 2010).

Australian jockeys hold their whips rather in their dominant hand, than adapting the position of the
whip to the direction of the race track (McGreevy & Oddie 2011). Only dominant hand backhand
strikes were discovered to be more forceful théorehand strikes (McGreevy et al. 2013
confrontational sports, such as fencing, boxing, cricket, baseball-guing or tennis, a direct
advantage of lefhanded individuals over their rigitanded opponents has often been argued
(McManus 2002, Raymdn& Pontier 2004, Economist 200&Iotfelter 2008. In these sports, left
handed athletes are overepresented in comparison to their number in the overall population with
about 1533% depending on the discipline (Economist 194ZManus 200 As long athey are still

in the minority, they are considered to be able to dominate their rigabhded opponents since they

hit from unexpected directions Economist 1997 McManus 2002, Raymond & Pontier 2004,
Clotfelter 2008. Increased peak force and hand speagswietected for dominant hand strikes (Neto

et al. 2012), however, an advantage for {aéinders could not be fully prowe(Pollet et al. 2013). A
different incidence of lefhandedness has been found in martial (27%) and pacifistic {36s

(Faurie & Rymond 2004).

In nonconfrontational sports, such as swimming, the number oflteftided athletes resembles the
proportion of the overall populationEconomist 199/McManus 2002, Raymond & Pontier 2004
Lefthanded locomotive drivers e.g. have been segpd to be more prone to cause accidents,
simply because their locomotives are designed for Hggrtded drivers (Bhushan & Khan 2006). Left
handed individuals are disadvantaged in sports such as polo, where the mallet has to be used with
the right hand mly (McManus 2002). In other areas, such as surgery or orchestrakataders seem

to be nonexistent. The reason for that seems to be either that they adapt to using their non

dominant hand or that they are not able to complete these tasks satisfagtatilall (McManus
13



2002). Both, leftand righthanded farriers tend to ovetrim one half of the hoof, according to their

hand preference (Ronchetti et al. 2011). Ambidexterity, the absence of handedness, is argued to be a
disadvantage, too. Since subjectgho do not prefer a specific side as a matter of reflex, are argued

to show a cognitive delay in time whilst choosing which limb to use for flight or defense, they might

be at higher risk of death or injury (Uzoigwe 2013).

3.5 Laterality in horses

Different types of laterality have been investigated in equids using a variety of methods. Similar to
humans, horsesHguus caballysshow lateralized behaviour on a sensory and motor levél.
LINETFSNBYOS 2F (GKS K2NESQa NalawsidodmeNEd, white$hg call A a (i Sy
of strangers or group members did not show sensory lateral behaviour (Basile et al. BOSS).

differences in emotionality such as increased sensitivity Timroughbred@ are scientifically
documented (Lloyet al. 2008) and have often been described (Mader & Price 1980, Hausbetger

al.1998, Houpt & Kusunose 200Qaroseet al. 20080 ® ¢ KSaS RAFFSNByOSa Ay
locomotion, nutrition, social behaviour and learning ability (McCahal. 1988, Visseet al. 20033

Lloyd et al. 2008), as well as eye preference during flight and investigative behaviour (Osterholz
HAMcUO® ¢KS dzasS 2F (KS K2NESQa f SEtial 2008 3us@BINNS | {
Rogers 200)and negative emotional reactionsgdoyer des Rochex al. 2008, Osterholz 2016).

French Standardbred Trotters rated more emotional, investigated novel objects using their left eye,
whereas less emotional horses mainly used their right eye. Austin & Rogers (2007) found a similar
left-biased behaviour pattern for flight responses however the order of approach seemed influential.

In contrast the right eye was related to novel objects and the left eye to objects associated with
negative emotions in Arab mares (de Boyer des Roehet 2008) whereas for the investigation of

objects associated with positive emotions either eye was used. Experience e.g. through daily routine

in feral horseqAustin & Rogers 2012 & 201d) specific training of domestic horses, might help to
eliminate negativeemotional reactions and decrease side bias for some reactions (Sankey et al.
2011). Riding horses are usually led, handled and mounted from the left side only (De la Guériniére
1733 Steinbrecht 1901, Klimke 1985). Amongst other practical reasons suchaamgvarmour on

the left body side, this practice might therefore have improved horse handling by habituation to
stimuli presented to the more reactive sidstill, randling horses from the right side might improve

and speed up the habituation process 4in & Rogers 2007), even though not all reactions were

influenced with trainingFarmer et al. 2010).
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Emotionality has been investigated for a correlation to the position of hair whorls (trichoglyphs) in
cattle (Olmos & Turner 2008) and horses (Swindteal. 1994 Randleet al. 2003, Goreckaet al.

2007). In horses a correlation between hair whorl position and manageability or the approach of
novel objects does exisSyinkeret al. 1994 Randleet al. 2003, Goreckaet al. 2007. In contrast,

hair whorlposition did not always deliver reliable results during assessment of flighty temperaments
in cattle Grandinet al. 1995 Olmos & Turner 2008 The direction of hair whorls is argued to be
developed during early preatal embryonic phases from a similareananism as motoraterality

(Klar 2003 Beaton & Mellor 2006 However, another theory suggests mechanical tension of the
epidermis over the cranium simultaneously to the development of hair follicles to cause trichoglyphs
(Samlaskaet al. 1989). In bothhorses and humans, the direction of scalp and facial hair whorls
correlate with the direction of laterality. The clockwise direction is most commonly found in right
lateral subjects (Klar 2003, Murphy & Arkins 2008). In humanshéeftled and ambidextraa
individuals show a random distribution of clockwise and cowateckwise whorls (Klar 2003). In
horses, leftlateral subjects showed countetockwise whorls most often (Murphy & Arkins 2008). A
correlation of the direction of laterality during ridingity the direction of facial hair whorlsvas
documented(Elworthy 2004, Murphy & Arkins 2008, Shivley et al. 2016), but also rejected (Pywell
2005) However, a relation of facial hair whorls and side preference information either assessed
during riding or ttained on the ground seems to be present overklworthy 2004 Pywell 2005,
Murphy & Arkins 2008, Shivley et al. 2016). No correlation was found for laterality and side of mane
(Whishaw & Kolb 2017).

Information on motor laterality in horses has beentaibed with a variety of different methodsoo.

While some studies focused on the preferred advanced forelimb during foraging either on pastures
(McGreevy & Rogers 2005, McGreevy & Thomson 2006, Wameth & McGreevy 201@ustin &

Rogers 201por with standardized preference tests (Van Heelal. 2006, Van Dierendonck 2014),
others regarded the preferred limb for the initiation of movement (Murpétyal. 2005) or truck
loading (Siniscalchi et al. 2014), the preferred ldadng flat racingWilliams &Norris 2007), as well

as the preferred turning side to avoid obstacles (Murghtyal. 2005), the preferred side to roll on
(MurphyetalH nnp0o FyYyR GKS fFGSNIE RAALIFOSYSyd 2F (GKS
while standing (Lerbs et al. 2@JL or trotting on a circle (Lucidi et al. 2013). Even though ridden
laterality as assessed by the riders (Elworthy 2004, Murphy & Arkins 2008, Shivley et al. 2016) or by
SELISNAYSY(iSNA o0l &SR canpetitibrizR/Bishana2018, vhidhBE& KRRONGA Y 3
has been evaluated, other test methods have rarely been investigated for agreement with ridden

laterality or among each other.
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In most studies, the majority of horses that showed a side bias werdaleftalized(McGreevy &
Rogers 2005, McGreevy Bhomson 2006, Murphy & Arkins 2008). Some authors, however, disagree
that left-lateral horses are most common. Klimke (1985), Loch (2000) and Miuseler (1983) describe
the majority of horses as righateralizedfrom their experience as riders. Williams &ims (2007)
identified a preference for the right lead during actual races and morning workout in 90% of their
Thoroughbredsample population. Lucidi et al. (2013) found a side bias to the right mostly in older
subjects suggesting horses to develop atdgide preference over time. Even though motor laterality
has been seen in foalo (Van Heekt al. 2006, Lucidi et al. 2013), the majority of young horses
seem to be ambidextrous (McGreevy & Rogers 2005, Van éteal. 2006, Lucidi et al. 2013).
Contradictive findingsare availablefor a group of feral horses wherarlb preference in individual
horses was exhibited rather by younger horses. This suggests a possible decrease atthtacbr
behaviour through experience. Howeveagriations of sidéias opposed to consistent bias have been
reported as well (Warreismith & McGreevy 2010), possibly leading to varying results between trials
for the same horse. The majority of horses are not intensively handled before the age of three years
(Klimke 1985McGreevy & Rogers 2005). Training, therefore, could be an explanation why the
majority of young, untrained horses are ambidextrous and age has an effect on the degree of motor
laterality (McGreevy & Rogers 2005). Howevelyjt asymmetry wadocumented m horses as early

as at birthwithout any improvement over time (Stroud et al. 2016). Structural asymmetry in young
horses is not reinforced or diminished by the beginning of training (Nissen et al. 2016a).
Furthermore, the mechanism behind training as iafluence factor would be expected to affect

domestic horses of all breeds and mostly ridden laterality, which is not the case.

Besides the method of observation, breed seems to be a decisive factor for laterality. In
Thoroughbreds, Standardbred trotters n& warmblood breeds lateralized behaviour was
documented on a population base with a variety of test methods (McGreevy & Rogers 2005,
McGreevy & Thomson 2006, Larose et al. 2006, Murphy & Arkins 2008). Quarter Horses in contrast
seem to exhibitateralizedbehaviour only with some methods (Siniscalchi et al. 2014). With other
methods investigating motor laterality on the ground (McGreevy & Thomson 2006) or during riding
(Whishaw 2015, Whishaw & Kolb 2Q1%ide differences could be observed for some indieaid,
however laterality was absent in the populatiofiraining, competition level or the phenotypic
selection for performance might not be enough to explain these differences, especiallyssiitze
findings were made in a group of feral hors@agtin & Rogers 2012). Accounting for the fact that
side bias of sensory or motor reactions were related between some, but not all methods, it seems
that different levels of laterality might exis&imilar to human handedness, a combination of genetics

and otherenvironmental factors must play a role as well.
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3.6 The effects of laterality on performance and health

In both, humans and horses mottaterality leads to asymmetries in muscles and muscle strength
(Bagesteiro & Sainburg 2002, Farina & Merletti 20@3gh & Bolin 200Diedrichseret al. 2007).

Some disciplines such as dressage aim to balance the horse and increase symmérg(eriniere

1871, Steinbrecht 190Klimke 1985). Others, such eacing, are held responsible for enhancing
asymmetry in heses (Daliret al.1985, Knighetalh nnn0® ¢ KS K2NBSQa oFfl yOoS
its performance in dressag®é¢ la Guériniere 1871, Steinbrecht 19&limke 1985Clayton 1990,

Miesneret al.2000) as well as show jumping (Powers & Harrison 200D) e8en advanced dressage

horses are often unbalanced (Klimke 1985, Murphy & Arkins 2008).

Unbalanced and asymmetric horses put more strairona side of their bodynd are at higher risk
of injury to those body partgStashak 1995, Tomlinsat al. 2003 Dysonet al. 2003, Pearcet al.
2005). The major reason forhors® & L12 NIia OF NBSNE Ay FtlFd NI OAy3az |
to end are musculoskeletal injuries (Bailey et al. 1998]lin et al. 2000 & 20QPerkins et al. 2005,
h Q. NJaS30058iirray et al. 201 The median career length is32years foracehorses in New
Zealand (Tanner et al. 2011 & 2012) and gears for horses in disciplines such as dressage, show
jumping and eventing in New Zealand, Germany and the Netherl@aigers and Rhr 2005, Ducro
et al. 2009, Friedrich et al. 2011). Egenvall e{2013)found that in a sample of 263 horses, 55%
22% of training days were lost to natute and acute orthopaedic injury, respectively. Risk of injury
was increased stronglfor horses with previous orthopaedic injuries, but also jump training increased
the risk. Risk of injury also varied between differentntries.Lameness often remains unnoticed by
the riders. Up to 72.5% of horses that were perceived as sound actimllyed gait abnormalities at
trot in hand (Rhodin et al. 2015 & 201¥ariation in training, however, was identified as a protective
factor for musculoskeletal injury in horses (Egenvall eR@l3). In racehorses risk of injury was
associated with ageahe type of race, the firmness of the surface, the distance and speed of the race
or during training, the weight carried, fatigue loading of the musculoskeletal structures and foot
conformation (Pinchbeck et al. 200@jkawa & Kusunose 2005, Verheyen et24l06,Cogger et al.
2006, Henley et al. 2006, Parkin 2008, Thorpe et al. 2014), but also dam age and skeletal
development seems to play a role (Verheyen et al. 2007). Even though the different types of
musculoskeletal injuries seem to correlate, theiritability rates are small to moderate (Welsh et al.
2013). Some types of injury to the musculoskeletal system have been reported with an incidence of
69-82% in right limbs in racinthoroughbred (Ramzan & Palmer 2011). Also in Quarter Horse racing,
different odds of sustaining several musculoskeletal injuries for each side and with regard to certain
body measurements were discaesl (Anderson et al. 1999). In Thoroughbreds atah&ardbred
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trotters, several body measurements and biomechanical variables also positively correlated to
indicators of sport success, such as lifetime earnings and win percentages or an attribute of elit
performers Leleu et al. 2005Smith et al. 2006 Symmetry, howeverid not differ between elite

and medium performers @leu et al. 2005).

In some situations however, asymmetry can also be of advantage (Williams & Norris 2007). In gaits
such as canter and gallop, horses adopt an asymmetrical movement pattern as such (Deuel &
Lawrence 1987, Drevenet al. 1987). With higtspeed videos Deuel & Lawrence (1987) investigated
the gallop in four Quarter Horses and found slightly different movement patterns in the left and right
lead. With changing to their preferred left lead, the horses kept a constant stride frequency.
However,their stride length increased resulting in a longer suspension and shortened stance phase
and increased overall speed. Williams & Norris (2007) assume that running in their preferred stride
pattern might be a decisive advantage for racehorses. They ta@atount respiratorjocomotory
coupling during canter with one breath per stride (Hoyt & Taylor 1981) and the asymmd&rg B S Q &
lung anatomy (Getty 1975). dmand gaitasymmetries such as differences in stride length do not

seem to negatively influeh S G KS K2 NE& S Qepulvidda Ofviede&iP@a 2055). 6

Similar to humans asymmetric loading leads to differences in bone length and structure (Davies 1996,
Davieset al. 1999). Pearcet al. (2005) studied cadavers of Thoroughbred racehorses angaced

the bone structure of the left and right femurs. A number of muscle and ligament attachment sites
were larger in the left limbs which they argue to be induced by the asymmetric stresses of
permanent work on curved racetrackduring races in a clockse direction, horses commonly lead

with their inside (right) limb and put more strain on their outside (left) limb especially in turns
(Bieweneret al. 1983, Deuel & Lawrence 1987, Davi®&96 Barrey 200L Therefore, it might not be
surprising that in dtal accidents during races most often a left limb is injured (Pedbdsad. 1996).
Another study found elongated right third metacarpal bones in 76% of their Thoroughbred sample
and suggested that these differences might be beneficial for racing on coolmekwise tracks
where the right (outside) limb has to cover a slightly longer distance (Wagtoal. 2003).
Conformational asymmetries and injuries of the hindquarters are one of the main triggers for poor
performance inhorses(Stashak 1995Ro0ss & Dson 2003. Asymmetric muscle development of the
thoracolumbar region e.g. seems to be associated with sacroilicac pain (Dyson & Murray 2003). Due
to the repeated asymmetric stresses, asymmetries are more often found in racehtiraesin

competition horse®f other disciplines such as dressage (Detlial.1985, Knighet al.2000).

Especially conformational aspects such as uneven feet can cause asymmetric loading and lead to

poor performance andameness in the long run (Van Hextlal. 2006, Ducro et al.200939. Motor
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laterality and uneven feet are related and still present after the development into adult horses. Both
variables were strongly relatetb sidedness in gait transitions (Van Heel et al. 20Athough
uneven feet can also be found in seemiingound horses, the likelihood of injuries is positively
correlated to conformation (Ross & Dyson 2003). The average prevalence of uneven feet was
reported as 5.3% in one study with 78.500 horses (Ducro et al. 20B0bjp. to 70% of horses with
uneven fet the left hoof capsule is larger than the right (Kummer et al. 20@8)s leading to
asymmetric braking force, ground reaction force and fetlock kinematics (Wiggers et al. 2015).
Consequentlyhorseswith uneven feet had shorter careers in dressage cetitipns and a high risk

of injury in show jumping, especially at elite level (Ducro et al. 2009a). Moderate heritability
estimates were revealed for hoof variables such as heel height (h2=0.16) or hoof shape (h2=0.27).
Genetic correlation of uneven feetnd performance in competitions such as dressage and show
jumping was negative but low (Ducro et al. 2009b)a group of serdieral Catalan Pyrenean horses,
however, feet were found to be highly symmetrieafés i Casanova & Oosterlinck 2012keems

that housing and rearing conditions and training rather than phenotypic selection might enhance

48 YYSGiNE (Kdza tSIRAY3I (G2 O2yF2NNFGA2YFE AadadsSa

3.7 4 EA O EHuANOH0D the horse

In order to move efficiend ¢AGK fAGGHES SySNHe&>X K2NBRSQa fAYoa )
and are compressed like springs during ground contact. While the walk is decisively determined by

the oscilliations of the pendula formed by the limbs, trot frequency is influencgedhle elastic

energy of the active diagonal limbs agims springsRreuschoft 1993Witte et al. 1995 During
OFYyiSNE K2NES& Y2@0S o6& ai2N yite abdd/ KiditiBrially &xyfibit dzLI { 2
ventrd flexion of their thoracolumbar and lunasacral region (Preuschoft 1993, Loitsch 1,988te

et al. 1995. At walk and trot there is no difference between left and right limbs throughout one
movement cycle (Falaturi 1998). At canter however, kinematics for the inside and outside hind limb

differ, thus creatilg gait asymmetryHildebrandt 1985Falaturi 1998

¢KS K2NARSQ& NHzYL) NBaia 2y (KS SEGNBYAGASE & &c

(Preuschoft 1976, 1993, Preuschoft et al. 200B)e weight of the rider or just the saddmly,

evokes further dorsaéxtension of theK 2 NBpnQ ia all gaits (de Coex al. 2004). This rider effect

OLy 2yfa 08 NBRA&ZOSR 08 & O2ventrdfdyion ¢f he linkkdvhel &lB S¢ (i

horse steps with its hind limbs further undg/ S+ G K G KS NXzYL) I yR 06SyR&a AGa

OAGEDOD 6t NBdzaOK2FG SiG Ftod mphnl0d ¢KS F2NOS | OlGAy
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0KS NARSNRA& Yl aa FYyR RAFFSNE 0S(gi&&yl.2g) & aRA F TSN
canter and trot ¢-force approx. 2 g) (Preuschoft 2011). Horses increased their speed with increasing

the duration of their swing phase and reducing the duration of their stance phase (Streitlein &
Preuschoft 1987, Falaturi 1998). At trot the saddle ldigped a rising movement twice per movement

cycle (Streitlein & Preuschoft 1987). At canter and gallop, jockeys loaded the@hbesd with up to

twice their body weight (Gesaron Peinen et al. 2013).

During ridden work, asymmetry of gaits is often irased or created by the rider (de Coegal.

2009a, RoepstorétalH nncpv ® Ly S OK 3IFAG YR LRaddaNBX (GKS N
a different movement pattern (Jeffco#t al. 1999), thus inducing a different range of forces on the

hora SQa oI @flal. 2009 Svattinyet al. 2016). In canter, even though being categorized as an
FAB2YYSGONARO IIFAG OO2NRAY I (2 (KS -riled pdits &xRibit the NNI 3 dzt
highest level of coordination compared to other gaitthagymmetric pattern of movements. Rising

trot as opposed to sitting trot seems to enhance heriger coordination (Wolframm et al. 2013)

and provides more stability to the rider (Pehaeh al. 2009). The weight of the rider produces
asymmetrical pressurand increases the duration of the stance phase of the front limbs to a greater

extent than that of the hind limbs (Falaturi 1998ising trot as opposed to sitting trot causes
asymmetric limb loading and kinematics comparable to hind limb lameinetb® horse (Roepstorff

et al. 2009,Robartes et al. 201Fersson Sjodin et al. 2016). The gaits are less symmetric on a circle,

due to a longerstance phase of the inside limbs compared to the outside liffiadaturi 1998,

Chateau et al. 2013) and less symnetdorsoventral movement in the thoracolumbar region
w20l NISa S fd wnmoX DNBGS SiG Ffd wamMTO®d ¢KS ¢
rider when sitting (sitting diagonal) were loaded more than those of the diagonal bearing the weight

of the rider during rising (rising diagonal). However, in total, the load on the left fore/right hind

sitting diagonal was larger than that of the opposite sitting diagonal (Roepsbdf. 2009). The

loaded hind limb displayed a longer protraction paftthe stance phase and a greater extension of

the pelvis with lower tuber coxae on the sitting diagonal (Roepstirtil. 2009). The contralateral
FT2NBEftAYO0 ¢Fa& NBGINI OGSR Y2NB |yR U(KSet#&2mW¥%SQa Ol
Roepstorffet al. 2009).

The total force does not change between different rider positions in a standing horse, however, the
force distribution increases towards the direction in which the rider is leaning (Preuschoft 2008,
Preuschoft et al. 1994b, 201de Coccet al. 2009a). Accounting for the rather small track width of

the horse, thidgs suggested tenable the rider to communicate and influence the horse with weight
signals (Preuschoft 2008, Preuschoft et al. 1994b, 2011). According to previous calculations
(Preusboft 2008, Preuschoft et al. 1994b, 2011 )wall ¢fitting saddle tree successfully distributes
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the weight over a larger area, with lower mean pressures and localised pressure peaks in comparison
to ill-fitting or treeless saddles with or without saddlensds and bareback riding (Peham et al. 2004,
Meschan et al. 2007, Belock et al. 2012, Clayton et al. 2013 & 2014). However, pressure has been
reported to be distributed unevenly in different types of saddles or saddle fit (Peham et al. 2004,
Ramseier et al2013, Murray et al. 2017Asymmetry between saddle panels was documented in up

to 63% of saddles (Arruda et al. 2011) correlating with saddle slip, hind limb lameness or gait
abnormalities and back asymmetries as well as back pain in horses and Gdeve & Dyson 2014 &

2015, Murray et al. 2017)

384EA EI OOAGO AAI AT AA
¢CKS Wyl Gdz2NIf ONR2]1SRYySaaQ 2 fearly KISding thedkeS(DeNaa |y A
Guérinére X33, Steinbrecht 1901H.DV. 12 193Miseler 193, Podhajski 19 Klimle 1985,Auty
2003, Burger & Zietschmann 2004, Hinnemann & van Baalen 2004, Loch 2000, Mteain2000,
Holm 2008 Schmid 2014 In the riding literature, horses are most commonly described as having
their hindquarters displaced to the righDé la Guénére 1733, Steinbrecht 1901Museler 183,
Klimke 1985Hinnemann & van Baalen 2004, Loch 2000, Miesteaal. 2000). The right is usually
G§KSANI WK2f f 2 ¢ TheYight\ies thudatdhdideBed sithiriSpieferred side, whereas the
left is desdbed as rather stiff with tensed muscldad la Guérinére 733, Steinbrecht 1901Mseler
1933, Klimke 1986 ® ¢ KS WK2ff26Q aARS K26SOSNE Aa 2F4Sy
hypothesized that the muscles on this side are shortened, which restriending to the opposite
side (Kriger 2009). These horses tend to lean on the left rein, which puts more strain on the left
forelimb and avoid the right rein creating uneven contaitiigeler 196, Klimke 1985Burger &
Zietschmann 2004, Hinnemann & vamaken 2004, Miesneet al. 2000). Roepstorffet al. (2009)
found that in trot horses put more weight on their right limb and less on their left regardless of the
RANBOGAZ2Y YR GKS NARSNDa aSriaoe ¢KS& I NBdzS G(KI
distribution differs between sciences and riding theories, their results support the impression of the
majority of horses being less supple on their left side (Roepstoef. 2009). On a circlaeinbalanced
horses tend to increase the diameter in od@ection and decrease it in the opposite direction
(RacherSchoneich 2007). The centrifugal and shear forces acting on the unbalanced horse on a circle
are argued to put a huge amount of strain on structures such asntHengissimus dorsijoints and
ligaments (Ross & Dyson 2003, Wyche 2@R&cherSchoéneich 2007 In their investigation of the
derailment in trot on a circle in foals and horses up to 2 years, Lucidi €2G3)found that if
derailment could be detected, it was mainly to the righteythypothesized that the right side might
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be the dominant one which is unable to step underneath the body adequately, thus creating the
AYLINSaaAz2y 2F o0SAy3 Ad0AFFI 6KSNBILA GKS STl &AARS
horses trotting on a circle, different forces and gait features were detected foiirthiele vs. the

outside limbs which was more pronounced on a hard surface (Chatesluz2013).

Pelvic asymmetry was already detected in foals as early as at birth and in the first few weeks of their
lives without any improvement over time (Stroud et al. 201BYen though symmetry in young
horsesdoesnot seem to bereinforced or dimirshed bytraining (Nissen et al. 2016aymmetry of

gaits can be improved through osteopathic treatment with its effects lasting for at least 20 days in
young horses. Older horses with consolidated asymmetry might require several treatments-and re

educatian programmes to restore lonlgsting symmetry (Burgaud & Biau 2016).

Balanced horses are equally flexible on both sides with their hind hooves landing on or beyond the

tracks of their front hooves in both curved and straight lingéigeler 193, Klimke 185, Loch 2000,

Miesneret al. 2000, Burger & Zietschmann 200®nly this balanced way of movement enables true
equilibrium, even paces, impulsion, collected work and prompt reactions to every displacement of

0 KS NX R SMWieaker 18F Klimke 198%Miesneret al. 2000). Laterality related problems such

as uneven rein contact and a lack of balance in turns are often complained about by riders at all

leves Klimke 1985 Hinnemann & van Baalen 2004n the riding literature it is regarded as the

riderQd NBalLl2yairoAftAade G2 FR2dzad FyR o0 IMidegr@®3, G KS K2
Klimke 1985Clayton et al. 2003, Hinnemann & van Baalen 2004, Loch 2000, Miesner et al. 2000). In
young horses symmetry of trunk movement seems to imprafter several weeks of training, even
GK2dza3K A NBYFAYya dzyOf SINJ AT (KA&a STTFSOG 2NAIAY]
(Nissen et al. 2016b). Even though motor bias was exhibited during grazing, horses did not show
lateralized behaviou during canter on a circle either ridden or unridden, thus suggesting that
ambidextrous training as such might be useless if the motor bias might be mainly influenced by the
NARSNEQ a@YYSGNER o62Stfta g .l OKSeffactstoythé dorsésy (0 S NF S
IFAG LI GGSNyYya FyR olflryOS KIS 06SSy NBO2NRSR L
frYSed S5AFFAOMzZ GASA RdzNA yisplacerheitd g HindgWaztessSay Sughli & 2 NJ
also have been argued to be solelysad by the rider (Moore et al. 2010), however, this theory fails

to explain the presence déteralizedmovement in unridden horses (Lucidi et al. 2013).
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3.9 The horse® musclesandn, OOECCAO BT ET 000

In humans, the influence of laterality on muscleesigth and asymmetes has been intensively

studied (Bagesteiro & Sainburg 2002, Farina & Merletti 20@3gh & Bolin 20QMDiedrichseret al.

2000 ¢KS KeLRGIKSaAa 2F | K2ff2¢ aARS 6AUGK &aK2NI:
ONZ 2 1 S R#i&Sraiagéliterature (de la Guérinére 33, Steinbrecht 1901Miiseler 1933Klimke

1985,Loch 2000, Miesnest al.2000,Hinnemann & van Baalen 200das not been truly investigated

yet. Furthermore, the muscular state has rarely been considered inestush lateralityin horses
Nevertheless, with their training programme, riders aeble to influence and control the
RSPSt2LIYSyld 2F GKSANI @2dzy3d K2NBRSAQ Ydza (Bdzher NJ a e a i
& Zietschmann 2004). Inappropriate méséa 2F GKS o6F O1 FyR KAYRI dzl NI
ability to maintain their balance with a rider, thus inducing problems such as leaning on the reins or

increasing speed (Kapitzke 2001).

The tremendous impact that structural imbalance of the body dug to blocked joints can have on
the health of the whole organism in humans, was first discovered by Andrew Taylor Still (Still 1902).
The awareness has increased over the years and the principles of osteopathy, physiotherapy and
massage have been transfed from humans to horses (Meagher 1983enoix & Pailloux 2000

Evrard 2004

Ly GKS mppnQa WFO1 aSk3IKSNI RSPSt 2LISR (KS aeaidsSy
of compression, direct pressure and crdizer friction to hyperirritable area (trigger poink€) of

the musculotendinous junction at the origin of the muscle (Meagher 1985). According to his theory,
iKSasS FNB GKS I NBla sKSNBE (KS Y2ald aaiNBaag 200c
With his application of this theorjo horses he was able to establish a system of evaluation and
treatment of drigger point€ (Meagher 1985, Teslau 2006). In horses 25 most comadagger

pointst could be identified (Meagher 1985, Teslau 2006).

In addition to these 2%trigger pointg, which can be precisely located bilateraliygger pointscould

be discovered on any other musdiewever, their location might not be possible as precisely (Teslau
2006). In fact, this system of i NA 3 3 Shdg blegh Enfaigéddby many experienced thpésss for

a G NA 3 3 S o theJghksy, fogelimbs andiind limbs(Teslau 2006), the cleidobrachialis muscle
(Macgregor & Graf von Schweinitz 20@8)well as on the masticatory muscles involved with chewing
or horserider communication (Scott & Swenson@). The distribution of muscle fibre types varies
between the different muscles, suggesting that some are important for postural stability, such as e.g.

the deep epaxial muscles or the M. psoas minor, while others, such as the M. psoas major, M.
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iliocostdis and M. longissimus dorsi, play a major locomotory rblgy(idinen et al. 2014). According
G2 aSI 3IKSNAQu ¥R 3 3 Hxond2myigdesiwith a major locomotory purpose are
at higher risk to developensitivea (i N&A 3 3 & a&ldeskibeyh Giha following paragraph.

In both humans and animals, @ensitivetrigger poing  @nljidfascial trigger poitis precisely
localised and develops a taut band, i.e. a bundle of contracted, hard muscle fibres with ischemia
hypoxia, cell damage andfiammatory mediators, along with local and referred pain and a local
twitch response (Hong & Simons 1998, Gerwin 2008). Affected muscles are weak without being
atrophied and show a restricted range of motibn ¢ K S K dzY lusGal patteinfofSpgird Gareeb
reproduced upon stimulation, however, this is considered to be impossible with animals (Macgregor

g DN}YF @2y {OKgSAyAll wnncoo®d Il O0O2NRAYy3 (2 ((KS
a G NA 3 3 Sobid respoksé has been scored with scliles 0-3 or0-5 in previous studies. Trigger
LRAYyGa 6AGK ané NBIFOGA 2 yCooksSalB. 200G HeusdiSaR 2050y | Ol A @S
Palpation results with this method areproduciblebetween physiotherapists and relate to results
obtained usingalgometkrsto determine themechanical nociceptive threshold (de Heus et al. 2010).
Physiotherapists often use different subjective scales (e.g. pain, manual palpation of temperature
etc.) to determine the muscular condition. Agreement between physiothista was best for the
subjective determination of pain responses (de Heus et al. 2010). Even though sensitivity to touch on
any body part varies considerably between horses, it does not seem to be related to their riding
quality (Krauskopf & Konig von Btel 2016). However, lefateral horses exhibited less sensitivity to

pressure on their back for unknown reasons (Krauskopf & Kénig von Borstel 2016).

With the technique ofr G NJ&A 3 3 $hhkskalg@2direftipréssure is applied to the underlying tissue such

as superficial fascia, connective tissue or the muscle tissuerdi aNJA 3 3 Soer d fawAsgtands up

to a few minutes until the structure releases (Teslau 2006, Scott & Swenson 2009). Even though
different reactions were recorded between several Isiadiagnostic palpation does not reduce the

pain response oft (i NA 3 3 S(¥é Helds Jetyali 2040Sensitivea  NA 3 3 S diJthé Jedtofall & o
muscles are associated with girth aversion behaviour (Bowen et al 28&fitivemusclea G N&A 33 S NJ
LJ2 A yadddpdin have a negative impact on muscle strength and performance as well as motor
control (Teslau 2006Scott & Swenson 200Bpwen et al. 201)/

In humans, neck pain is associated with latenti NA 3 3 S MJthé Jghdsttataryamuscles and

reduced jaw opaing (Dela-LlaveRincon et al. 2012). Treatment af i NJ&A 3 3 Swith difreny G & &

techniques results in reduced pain sensitivity and improved mobility and Ieustength

(Mehdikhani & Okhovatian 201Zagnie et al. 20)3a A 3 3 S NJn hdghanypétidts have been

reported that lead to tremendous pain at the local area of the trigger point as well as referred pain at
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distant areas until normal locomotor function was impossible. If persistent, several months of
intensive physiotherapy are required toiminate pain and restore normal function (Muscolino
2013).

CNBIFGYSyld 2F (GKS YdzaOdzt I NJ a2adSYy gAGK Yl aal3asS K
well-being and performanceDenoix &Pailloux 2000)ilson 2002, Weeperpong et al. 2005, Teslau

2006, Scott & Swenson 2009). Compensatory tightness around joints or vulnerable structures can be
reduced with massage techniques such as mechanical pressure, thus restoring the normal range of
motion, improving flexibility and increasing stride length inkvap to 4% (Wilson 2002, Weeperpong

et al. 2005Scott & Swenson 2008lill & Crook 2010).

3.10 4 EA O pdsitird & Guropean riding

alAydlrAyAy3a 2ySQa olftryO0S 2y | Y2@Ay3a &dzNFI OS3
'y R (0 K Posthitk. Rifpeeiapy and horse simulators improve kbegn balance, gross motor

function, muscle symmetry and dynamic stability, especially of the head and trunk in patients and

the elderly McGibbon et al. 2009, Shurtleff et al. 20@agazoglu et ak012,Kim & Lee 2015). The

movement patterns when riding a horse are identical to those during walking for many
characteristics (Uchiyama et al. 2Q1Garner & Rigby 20)15However, balance of the rider is

required to enable a correct seat as commonly did in the riding literature (De la Guériniére

1733 Steinbrecht 1901H.Dv. 12 193Mseler 1933).

¢CKS NARSNR& Ay TFfdzSyOS 2/her nings3ndka&dkaton. DaringReéch GaNly A v S |
with its own sequences of footfalls, different focare acting on the rideP¢euschoft 1993Falaturi

1998, Preuschoft et al. 1994b, 2011, Peham et al. 2009). Horizontal forces of approximately 0.8

1.2g e.g. due to the horse accelerating or slowing down, as well as vertical forces3gfdccording

t2 G0KS K2NERSQA 3IFAG YR aALISSR KI@S 0SSy SadAayl aSi
¢tKS NARSNRAE ¢SAIKEG Aa @hdashtldohs) Gureal thyscles, Knjhs@miyha | OG |
foot in the stirrups. In order to communicate withdhthorse via weight signals, the rider needs to

shift higher weight without losing hihero I t I YOS 6t NBdzAOK2Fid wmMdppou ® ¢ K
f 20 GSR atA3Kifte O0SKAYR (KIG 2F GKS K2NAS® 90Sy
that of the horse is regarded as essential (Museler 1933, Miesner et al. 2000), it is more important
F2N) 6KS NARSNN& o6lFflyO0S (KIFG GKShisther8wppoit éiréda 2 F (K
6t NBdzaOK2Fd SO Ifd mMppnDOIK I K& SINF I NBRIKA FSIT RSO W F
of mass and thus serves as a rather effective means of communication (Preuschoft et al. 1994b).
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2 AGK2dzl | OGAGS O02YYdzyAOFGA2YyES GKS NARSNRa OSyidNB
GRNB A& @EES aNE ot S (2 aKATEG GKSAN gSAIKG aft AIKGf

ConventionabEuropeas riding is based on the riding theories Bfiropean riding masters (e.g. de la
Guériniere1733 Steinbrecht 1901) as well as riding instructiofigr military purposes (H.Dv. 12

1937).In conventionalEuropeanriding the rider is requested to keep a constant contact to the bit

which has to be independent dfistherLJI2 8 A G A2y YR (KS K2 N&E,3MesnerY2dSYS
et al. 2000. To achieve tii his/her arms and trunk have to be moved separately. Throughout the
AUNRARS 080tS GKS NARSNR& GNMHzyl FYR KAL)l Y20S Ayl
supporting this demandThe riderhas to create good coupling tuis/her horse (Minz e@al. 2014),

GKdza o0SAy3 FoftS G2 F2tt29 (GKS K2NESQa Y20SYSyda
even invisible signaldviiseler 1933 Miesner et al. 2000, McGreevy et al. 2005). During rising trot

riders tilt their upper body further forwat than in walk (Lovett et al. 2005). Rising trot requires a

balanced seat from the rider but also provides more stability than sitting trot (Peham et al. 2009).

Rider position in canter is comparable to walk, but is likely to requivee energy Preuschaf 1993

Lovett et al. 200k The main purpose of all muscle activity in riding appears to bwrdination and

postural stabilisation (Terada et al. 2004). Thetrapezius seems to stabilize the neck and scapula

and prevents the scapula from being pulléatwards via rein tension, while then. deltoideus

provides stability. The alternating pattern of activity of the biceps brachii andn. triceps brachii

suggests that they control the elbow and thus maintain a constant contact to the bitmTHexor

b NLJA' NI RAIFEf A& &SSYa (2m. aedtusa@abdoniinis & likeK B stabiizR & a 6 |
NARSNRAa GNXzy1 FYyR Fff 25 mitées majasm. ekratus angeriodahany 3 F 2 NI
extensor carpi ulnaris might be contracted toniashcontrolling the position of the arms or wrist

which might influence contact to the bit (Terada et. al. 2004).

Riders, who are wetoupled with their horse through their seat, only have to cope with tHerges

that are acting on the horse, whereaslers, who are less synchronized with their horse, are facing
different vertical forces (Preuschoft et al. 1994bhe posture of advanced riders resembles the seat
which is demanded by the majority of riding theoriediceler 1933,H.Dv. 12 1937Schils etal.

1993, Miesner et al. 2000%killed riders are able to keep their pelvis closer to the-pasdition and
further forward, thus reaching a higher coupling intensity to their horses (Miinz et al. 2014)and
ordinate their movements within all gaits (Bela 2000) They have developed better proprioception
than novice riders, which enables them to adapt their postural coordination more quickly in order to
keep their balance and communicate with their horses (Olivier et al. 2016). In contrast, novice riders
lean forward with their upper bodies, thus carrying their arms closer to the imaginary vertical

through their ear, shoulder, hip and ankle (Schils et al. 1993) and tilt their pelvis further to the right
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and more backwards (Minz et al. 2014). Even thougkiae riders were able to successfully
synchronize with their horses movement within ¢ 30 minutes (Preuschoft et al. 2011), thelyow
difficulties of ceordination especially in sitting trot (Terada 200@uring the first 24 weeks of
training novice uders frequently change their posture (Kang et al. 2010). However, especially for
novice riders it seems to be essential to focus on learning to maintain their balance while

communicating with and adapting to their horse firdt, s K SNJ G Kl y (posturey | & O2 NNI C

Riders trotting in a twepoint seat are more stable than in rising or sitting trot (Peham et al., 2009).

The uncoupled movement of horse and rider in fpmint seats enable the horse to go faster (Pfau et

al., 2009)¢ KS NARSNDASHSARAKIKANEE OB Yy O20SYSyd LI GG§SNYy
Ff® wnnannX tNBdzaOK2FaG S It mpppud ¢KS | OlAazy 2
AYyFEdzSyO0Sa (GKS LkRaiAdAzy 2F (KS K2NBERSQaerld2d f | yR
1999). In an optimum position, the horse is controlled through reins and weight without restricting

AdGa yrFrddaNFt Y2@0SYSyd LI GOGSNY 0aS@SN mphpcI MPhpgo
via muscle chains which makes them interdependeny, | @626 FyR aUGNAYy3 Y2RSH
Ad OF NNASR o0& if RS/ JoA2agéA YOIRLIARRZNEIAYR 6 KA OK A& RNI &
abdominal muscles), thus counteracting dorsatensions Jeffcott & Dalin 1980Budras & Rock
2000.Assumy 3 Ay aGSIR GKIFIG GKS K2NERSQa aLAyS Aa o02NYyS
ySSRa (2 0SS a02tf SOGSRéE ONAYy3IAYyI Ada KAYR FSSi
yS01 Ay 2NRSNJ G2 O2dzy i SNI Od welgla [REetsthoft®eEadl 8904a) 2y R
Good riders are able to maintain synchronisation with the horse (Peham et al. 2001, Lagarde et al.

2005, Clayton et al. 2011, Minz et al. 2014) whilst keeping it in balance, on the bit and in a correct
frame (Peham etla2004).

Correct training may improve the core strength and muscular support of the thoracolumbar spine of

the horse (Licka et al. 2009). A watljusted, stable seat is the foundation for the rider to adapt

his/her pelvis to theK 2 NB S Q& 3 lotloris aril tdS@vinitiric@te With their horse effectively

(Peham et al. 2001, 2004, 2009, Symes & Ellis 2009). Howaust, riders tend to rotate their

shoulder to the left and exhibit a greater range of movement in their right shoulder and different
lengthsof their legs (Symes & EIIZ09). Crooked riders sit and move asymmetrically, which may

result in a negative impact on educating and training horses, since their cues and signals are likely to

be inconsistent. While the ability to ride in rhythm withetthorse requires practice, training and
aSyardAagaites AdG Ffaz2z RSLISYRa 2y GKS NARSNRAQ 246y
2F GKS NRARSNI NBadzZ 6a Ay |ad8YYSUINARO RAAKRNB &OLAE2Y
performance. The consequences range from local and overall changes in muscle tone to pain
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reactions and dysfunctions such as kissing spines (Meyer 1996, Zifg8erman et al. 201)b The

most commonpoor postural characteristics in riders have previously been destrifnbjectively as

tipping forward, leaning backwards, hollowing of the back, rounding of the back, lateral flexion and
rotation of the trunk and pelvisSchils et al. 1993Vlason 2006, Symes & Ellis 2009, Alexander et al.

2015). Alterations in movement dfie lumbopelvic region in riders are suspected to be very common

in righthanded riders (Clayton 2013b, Alexander et al. 2015), however not every alteration might be

2dza G I @la heBlthyK yodng, dfterbathletic male humartee angle of the hipojnt during

riding is associated withurvatureof the lumbar area, which contradicts K S L2 &G dzA 6§ S 2F |
sitting posturé uéching 1998 Riders forcing themselves into a position that does not come

naturally to them, are more likely to tense upeir muscles and thus lose suppleness and impact

their ability to keep their balance and communicate with their horse effectively (Preuschoft et al.

1993, 2011+ F NAF A2y 2F &a@YYSONER 2F alRRfS LINBaadzaNB A
0 KS $\Fosul M large differences between honséer pairs (Gunst et al. 2019). Howevéret

position of the rider is also influenced by the saddle fit to the horse and to the rider (Peham et al.

2004, Monkemoller et al. 2005peviations from the optimumJ2 8 A A2y ax &dz0K & | «a
(KS ySSR 2F RAFTFSNBYG AGANNMZL) £ Sy3Jdka (2 aFSSt &
position or poor saddle fit (Guire et al. 2016). Symmetry might further be influenced by the
familiarity to the equipment. On a symmetric mechanical horse, stirrup forces were more
FAa28YYSGUONRAO Ay NARSNR& LISNEA2YIlIf alRRfSa Fa 2L1J24aS
Asymmetrical postures occur within dressage riders e.g. when performing sitting tranfinence

K 2 NJasyrtndetries (Licka et al. 2004). Specific dressage movements such as siroattktravers

however, are designed to result in asymmetrical loading of the back, with differences in the
maximum total saddle forces on the left and righdess le Coccet al. 2010b) in order taltimately
AYLINREGS YR &GN AIKGISY (K8 laGaeh@r§T33 Staingrecht d801, f ONR :
Museler 1938 ® wSa Sk NOK F3aNBSa dKIFdG GKS 1S8& (2 KIFNY2Y.
ability to mantain a balanced postural aligrent enabling him to adapt to th& 2 NES&aQ Y2 (iA 2
(Peham et al. 2001, 2004, 2009, Syr&eEllis 2009Kang et al. 20L,0Miinz et al. 2014 Being able to

maintain a balanced position is a matter of muscle strength rather thascle mass (Bijlsma et al.

2013). Trunk rotation asymmetries are correlated to muscular imbalanceEkigal et al. 2006).
Asymmetric back muscle activation in the rider may potentially cause spinal instability and lead to

back pain in horse and rider (Eisa et al. 2006), which was reported with a prevalence of 25% in a
largescale study of British dressage horses (Murray et al. 2010). Structural asymmetry leads to
increased loading of certain structures and body parts while others are loaded to adessetrthan

usual (Wallden 2011). Structures bearing greater loads are more prone to injuries due to

compression or overuse. Unloaded structures might develop atrophy of the associated muscles and
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be at risk of traction injuries (Wallden 2011). The risk@feloping osteoarthritis e.g. is much higher

for the hip of the dominant body side (Cawley et al. 2015). Especially riders with postural
asymmetries and pelvic rotation distribute their load unevenly (Symes & Ellis 2009) and thus might
overload one sideln humans and animals, Wallden (2011) considers thedwninant limbs to be
preferred for standing since they are stronger and provide more stability, but lack power and
accuracy for the actual task. He describes descending patterns of dysfunction itftat lme caused

by laterality as such that the netominant shoulder is higher and therefore the anterior oblique
sling from the nordominant shoulder to the dominant hip might be weak too. This leads to pelvic tilt
and closure at the dominant side of theacsciliac joint which might cause medial rotational
instability through the dominant leg and weakness of the associated muscles as well as a deviation of
movement pattern of the dominant foot. Taking laterality patterns and the associated structural
asymnetries into account might help to align asymmetries, enhance balance and performance and
reduce the risk of injury (Wallden 2011). If recognised, asymmetries can be addressed by osteopathy,
taping and specific exercises, thus improving balance and rangsweément (Nevison & Timmis
2013,Alexander et al. 2018Biau & Bouloc 2016). Pelvic asymmetry has been reported in up to 93%
of horserider pairs with the majority rotating in the same direction (Browne & Cunliffe 2014),
therefore treatment of the horse iorider alone might not be successful lotegm. Alterations from

pelvic symmetry correlated with competition level and years of riding suggesting that dresdigge ri
reduces rather than increagie 8@ YYSUNER o1 260a SiG [t ® Hrypmight = | f (K
be another influencindactor. However, in humans, the shape of the spine relates to the angle of the
hip joint, which determines whether the back shows a lordosis or kyphosis (Busching 1998). Trainers
should take this into account when interpreg the riding literature and trying to adjust the position

of a rider.

3.11 Rein signals in European riding

WARSNE dziAft AT S GKSANI KIFIyRa F2NJF N¥y3IS 2F GlFajac
bend, position of head and neck and tdz&JLJ2 NIi (G KS KPbdhRjskia67Meyef 19960S 6
1999, Auty 200 @ Ly 3ISYySNIftxX Ofl aairldlf NARAYy3I GKS2NASE
O2y il OG 6KAOK A& AYRSLISYRSyd FNRY (KS NARSNRa &
fixed position (De la Guérinede733 Steinbrecht 1901H.Dv. 12 193Museler 1933, Podhajski 1967
Miesneret al. 2000,Auty 200 @ hy (GKS 20KSNJ KI'yR (K2dAKXZ (GKS NA
entirely independent from the seat, since rein aids are toobe given without seat or leg aids (Auty

2003, Miesneret al. 2000, Miseler 1933). Several ways to influence the horse via rein tension are
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described. Depending on the intended purpose, tension can be maintained passively on both reins or

one of the tworeins can be given or taken back (Museler 19@8sneret al. 2000. To influence

only one side of the horse e.g. to achieve lateral bend, one rein is taken back while the other is kept

in position (Steinbrecht 1901, Museler 1933). In order to ride bentiees, turns or achieve

collection, riders often apply different rein tensions at once (Museler 1933). On bended lines such as

a circle, the two reins serve different purposedtdinbrecht 1901Museler 1933, Podhajski 1967,

Miesneret al. 2000, Auty 20@). The outside rein is used to control the impulsion from the inside

KAYR tAYo Fa ¢Sttt a KS K2NESQA alLISSR o!dzieé wn
determines the position and size of the circle (Podhajski 1967). The inside reinlsaht position

2F GKS K2NESQa KSIFIR IyR ySO]l o0t 2RKIFI2a1A MpcTO D L
created by seat and leg aids (Podhajski 1261ty 2003. The inside hand is furthermore supposed to

keep a light and flexible contact DK S oA G FyR Sy 02dzN) 38 GKS NBf L EF
(Auty 2003).

The reins are more actively used for turning and slowing down responses during education, but are
supposed to become passive with a light connection to the mouth in the more addahorse
(Kapitzke 2001). Riders are not supposed to use the inner rein for turning and keep the outside rein
in a fixed position at the same time, since this will diminish impulsion and turning responses and
might result in the horse tilting its head (gitzke 2001). Instead riders are supposed to use their
body weight through subtly turning their upper body and perform a gliding movement of both reins

simultaneously to indicate turning, similar to bending and turning in Western riding (Kapitzke 2001).

3124 EA OEAAO0G O ighélsOrOMeadkn ridilgA O

Western riding developed as a functional riding style mainly for ranch work and managing cattle
(DQHA). The basic posture of the rider in Western riding is similar toah#ie conventional
Europeanriding style An independent, balanced and relaxed seat is important for communication
with the horse (Holm 2008, Schmid 2014). In contrast to ¢baventionalEuropeanriding style,
Western riders position their pelvis slightly more rearward. For somaaeaavres no thigh contact is
required. The shoulders can be positioned differently to underline certain cues e.g. outside shoulder
and hip can be pushed forward however, they should be positioned level to each other. In Western

riding there is no need fax 90° angle of the elbow joint (Holm 2008).
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In Western riding, split reins are used most commonly. The reins are carried at a length which allows

the horse to react immediately to any cue given however, constant contact is not required. Especially

with younger horses, the reins are held bimanually with both reins running through each hand. On

each side of the horse, the end of one rein should rest approximately at the level of the carpus. The
hands are carried with a greater distance to each other and3n@v (2 6 NR&d (KS K2 N&
simultaneously following the gait characteristics (Holm 2008, Schmid 2014, AQHA 2016). During one
handed rein handling, the hand carrying the reins might be higher than the elbow. One rein runs over

the index finger, the otherein is held between index and middle finger, while the end of the reins

NEad 2y GKS alyYS &aARS 2F G(GKS K2NBRSQa akK2dzZ RSNEA
snaffle bit however with curb bits oAlganded rein handling is mandatory. Cues are giilen
simultaneously and the reins should be held at equal length (Holm 2008, Schmid 2014, AQHA 2016).

Communication of horse and rider during Western riding is based on signals, mainly given by the
weight of the rider which might be accompanied by kaad rein signals. Western riding aims to

SRdzOI 18 K2NESa (G2 F2ff2¢ (GKS NARSNDRDa aArdayrfa AY
receive another signal. As soon as the horse shows the desired reaction, the rider stops giving the
signal. If thehorse does not react to a single signal, the intensity is increased or signals e.g. of the

legs or reins are added. A rider should be able to ride a fully educated horse without any tack only

with shifting his/her weight as a means of communication (Hold08, Schmid 2014). Change of
ALISSR YR RANBOGAZ2Y Ad YIAyte& I OKASOSR GKNRIZAK
leaning forwards or back, the rider indicates the horse to accelerate or to stop. By ntusihgr

pelvis the rider shifts nm@ body weight to one side, thus inducing the horse to step underneath the

shifted centre of gravity in order to restore balance (Holm 2008). With leg signals used without
shifting his/her weight, the ride keeps the horse straight in iteack. Through dferent positions of

hisihert S3a3> KS O2yiNRfa GKS K2NESQa aK2dzZ RSNEIZ { Nz
shift of weight supports the change of direction (Holm 2008). Rein signals are given bimanually to
support the weight and leg cues ding speed control and backing up. In order to change direction or
AYRAOFIGS 060SYyRI (KS 2dziaARS NIA yhside &in fs imaved awag I A y &
from its neck. Still, both hands are moved simultaneously from the wrist, elbow andlidéio As

soon as the horse reacts, the rein signal ceases. The hands are not supposed to pull or move
backwards. The rider can carry the inside, but not the outside rein higher or more sideways, when
controlling the front feet during bend. Voice commarate distinguished for change of gaits, speed

control and stopping (Holm 2008, Schmid 2014).
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Some specific manoeuvres are trained most commonlyMestern riding. Many Western riders
prefer to ask their horses for transitions from canter to halt or fadish stops. Riders, who passively
increase body tension and use a voice command, will receive a transition from canter to halt with the
horse remaining in the same relaxed frame. In order to ask the horse to do a sliding stop with active
engagement of thénindquartersand hind feet that slide a few metres while the front feet maintain
forward movement, the rider has to use a voice command and nids/&er upper body backwards,
GKdza o0f 201 Ay 3 GKS K2 NEsHEbBodyFeight WikhRIl geteagsBonsS thel ¢ A G K
reins are only to be used if the horse does not react in the first place. With a shift of body weight and
a rein signal for lateral bend, the rider can ask for a spin. In this manoeuvre the horse quickly
performs several 360° turns ohd haunches with minimal lateral bend. A rollback i.e. a single 180°
turn on the haunches in canter is usually followed by cantering or galloping on a straight line. The
rider can ask the horse to move backwards either by a change of posture or passitidlg, voice

and bilateral rein signals (Holm 2008, Schmid 2014, AQHA 2016).

When it comes to performance, learning and possible discomfort, the skill level of the-tdese
combinations seems to be more important than the difference between Westadconventional

Europearriding styles (Konig von Borstel et al. 2013).

3.13 The influence of bits and bridles on the horse

Commonly for riding, driving or leading a horse, reins or a lead rope are attached to a headcollar or a
bridle (Preuschoftet al. 1999, Miesner et al. 2000. With this equipment only tension but not

pressure, torques or bending moments can be applied. Tension can be modified concerning its
intensity, direction and duration (Preuscheft al. 199%). Both systems, bitted or bitlesiinction by

FLILJ @Ay 3 LINBaadzaNBE (2 aSyaiof & aliposligog) PressirkiS K2 NA
defined as force per area. Therefore, the thinner the straps and mouthpieces as a contact area
between horse and handler, the more pressuie i ONBIF 6§ SR 2y (KS K2NBRSQa K
applied to the reins or lead rope (Preuscheftal. 199%). When pressure is applied to a headcollar

or bitless bridle, the skin between noseband and nasal bdde fasale is compressed, thus

activating sensy receptors in the skin and pain receptors in the periost (Preuschoft 1990c,
Preuschoftet al. 199%). In a bridle, the distance between upper and lower jaw is dictated by
noseband and chin strap. When the mouth is opened, forces are transmitted to tbal bane

through the noseband (Preuschoft 1990c, Preusclkofal. 199%). In contrast, in a bridle without

noseband, the distance of upper and lower jaw is dictated by the masticatory muscles, which
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transmit forces to the cranium (Preuschoft 1990c, Prbo$icet al. 199%). For a broad cavesson
noseband, the pressure on the lower jaw through the chin strap is higher than the pressure on the
nasal bone. For a thin or flash noseband and flash strap, the forces are focussed on the nasal bone.
Regardless of #type of noseband, however, the forces applied to the mouth through the bit are
considered to remain the same (Preuschetfial. 199%). Since cavessomse assumed tincrease bit
pressure from the ridersignals the more they restrict chewing and jawpening, no cavessons
should be used whenever possible (Kapitzke 2001). In Western riding, cavessons are supposed to be
used to correct horses that do not accept the bit readily. During most competitions, they are not

allowed (Holm 2008, AQHA 2Q1Bverviewof different types of bridles: Figure 52

A bit usually consists of a mouthpiece and one ring attached to each side of it, where the reins are
fixed to. Bits are positioned in the diastema of the oral cavity. Rein tension causes the bit to
compress the mgivae and activates sensory and pain receptors similar to a bitless situation
(Preuschoft 1990a, Preuschoftt al. 1999). Furthermore bits affect any other structure they
SyO2dzy i SNJ So3dad (KS K2NERSQa (2yéadSloomy RsulihGi®i K 6/ f
possible damage of these areas (Bendrey 2007). There are several different types(Ovbitdew:
Figures 53 and 54)he most commonly used bit is the snaffle bit. Rein tension on both sides of an
unjointed mouthpiece creates bilaterargssure on the lower jaw. Tension applied to one rein only
leads to unilateral pressure on the lower jaw causing the opposite side of the bit to lift off (Clayton
1985, Preuschoft 1990a, Preuscheftal. 199%). A jointed snaffle bit consists of two cam®owhich

are either jointed directly or contain a middle piece. These types of bits maintain their position in the
oral cavity with unilateral rein tension as they are able to adapt to its shape (Clayton 1985,
Preuschoft 1990a, Preuschadt al. 1999). The contact areas vary between the different types of
snaffle bits (Engelke & Gasse 2002, Benoist & Cross ZdiB)tension applied tpinted snaffle bis
increase the pressure on the contact areas 1;3fold compared tarein tension applied tanullen

mouth bits (Preuschoft 1990a, Preuschat al. 1999a, Preuschoft 2000). Whehe reins are
tightened by the rider, all types of snaffle bits relocate caudally and rotate on their own axis, thus
applying pressure to the tongue (Clayton 1985euschoft 2000Engelke & Gasse 2002, Benoist &
Cross 2018).

Other bits such as the curb bit utilize levation in order to increase the pressure to the contact

areas applied by rein tension-2fold (Clayton 1985, Preuschoft 1990b, Preuschofil. 199% & 9.

Cub o6A0a FNB dzadzr tfe dzaSR 6AGK | OdzNdb OKFAYy LI2a&J
When tension is applied to the reins, the curb chain tightens and transfers pressure to the lower jaw

and masticatory apparatus (Preuschettal. 1999). With the use of curb bits with jointed mouth

pieces(Figure 54, the pressure applied through the effect the mouth piece and the levedd up
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(Preuschoft 1999a &b, Preuschoft 200Bjtting straps, such as the curb chain, rather tight to the
K2 NA S Qa a ieautsRo irfcréase precision since the horse detects even a small degree of
movement and tension (Preuschoftt al. 1999). With bits utilizing the principle of levers for
communication, more pressure was distributed to the poll, unless a curb chain se which
diverted the pressure to the chin. In a double bridle, however, interference of the curb bit with the
bridoon mouthpiece was discovered, suggesting the poll pressure being induced by the bridoon

mouthpiece and their associated reins (Cross e2@l7).

Consistent pressure of straps is considered to cause the horse to become blunt towards these signals
(Preuschoftet al. 1999, WarrerSmithet al. 2007, McGreevy 200y The same isuspectedfor bits
(WarrenSmithet al. 2005). With negative reiofcement, horses are trained to avoid negative stimuli

and evade pressure from the bit e.g. by slowing down (McLean,20@38renSmith et al. 2007,

McGreevy 2000 @ ! & G(KS K2NESQa Yz2dzik Aa | aSyariaraogs af
their ahlity to cause pain, damage and behavioural disorders (Friedberger 1970, Odberg & Bouissou
1999,Cook 1999Tellet al. 2008, Quick & Warre®mith 2009). The misuse of bits has been proven

to induce bone spurs in the lower jaw (Cook 2002, 2003) and iedurtore related to conflict

behaviours such as bolting and rearing (Cook 1999, Odberg & BouissqM@®6evy 2007. When

riding is being linked to pain, it results in poor performance and a disturbed relationship to the rider
(Harman 1999, Hausberget al. 2008, Sullivaret al. 2008). Some opponents regard bits as a

possible cause for disorders such as DDSP, facial neuralgia, stridor and pulmonary oedema (Cook
1999 Christieet al.200&8) ® LG Aa S@Sy | NHdzZSRX G(KI { llowaada O2y ai
therefore, hamper respiration and locomotion (Cook 1999). However, Manétedl. (2005)proved
video-endoscopically tht horsesare indeed able to swallow with a variety of different tack e.g.

during canter However oral ulcers were detected inorses ridden with bits and bridles (Tell et al.

2008). The use of double bridles and nosebands, especially if fastened tightly, restricts vascular
function leading to a decrease of temperature of the facial skin and increased eye temperature
(McGreevy efal. 2012)as well as conflict behaviour (Kienapfel & Preuschoft 20 NWerations in

bridle design aiming to avoid pressure successfully reduced peak pressures and improved the gait

characteristics of the forelimb (Murray et al. 2015).

Bits produce faces in caudal, ventral and dorsal directions, thus inducing a potential risk of injury to
the lower jaw, the temporomandibular joint, the neck and cervical joints (Geyer & Weishaupt 2006).
However, bitless bridles may induce injuries and nerve irritationgressure to sensitive areas such

as the nose or lower jaw as well (Geyer & Weishaupt 2006, Casey et al. \BOiES).chewing or cued

to back up, pressure under a crank noseband reached magnitudes associated with complications

such as nerve damage in hams (Casey et al. 2013). In fact, radiographic evidence of damage to the
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nasal bone from tight nosebands do exist, indicating a higher risks for warmbloods than for other
types of horse breeds (Crago et al. 2017). To ensure nosebands are not fastenghtlig thus
allowing the jaw to open wide enough in order to chew on the bit as demanded by the common
riding literature, noseband tightness should be controlled at the nasal bone (Kienapfel & Preuschoft
2010 McGreevy et al. 2002 However, in a study, atrolling noseband tightness, only 7% of riders
had applied this rule correctly. In 44% of the horses the nosebands were fixed extremely tight

(Doherty et al. 2016).

Many riders utilize headcollars or bitless bridles believing to apply less pressuneath{(€ook 1999).
However, compared to a bridle with a jointed snaffle bit, no significant difference of rein tension in a
headcollar (WarrerBmithet al. 2007) or a hackamore (Bye et al. 20Kubiak et al. 20)7could be
documentd. With a bitless LG brid utilizing short levers, Preuschoft and Kienapfel (reported by
Herrmann 2011) found an increase in pressure at the nasal bone compared to the applied rein
tension.In general, it is the aim to train horses to react to the lightest sigrRilders are urgd to

apply the lightest possible contact, which would be the weight of the reins dviiséler 1933,
McGreevy 2007, WarreBmith et al. 2007). In practice, however, ¢hopposite has often been
documented(Odberg & Bouissou 1999, Preuschetftl. 1999, b& ¢, Claytonet al. 2003, 2005. Only
WarrenSmith et al. (2007) recorded rein tension in walk and trot which was approximately 100
grams more than the weight of the reins only. In general, riders are unaware of the amount of
tension they apply, which isiiall cases more than they expected (Preuscleofal. 1999, Claytonet

al. 2003, Stahlecker 2007). In cases of horses that are described as unwilling to accept the bit, dental
problems are sometimes considered to be a possible cause. However, dentahérgatid not

improve rideability scores df 2 NJpe¥f@raance in controlled trial(Moine et al. 2017).

3.14 Rein tension

In an experimat with 15 professional riders performing atternational levelin Western and
European riding and participatingith their own horses, Falaturi and Preuschoft measured rein
tension of both reins during walk, trot, canter, rdimck and cantehalt-transitions (reported by
Felsinger 2004). Although the riding theories provide official guidelines of how and when to use
signals during different tasks (Miesnet al. 2000 Auty 2003, each rider applied rein signals in a
different way throughout the protocol. During reibmack rein tension exceeded 245 N. Only one
Western rider applied tension belod0 N permanently accordig to the different requirements of

contact in the two disciplines€ported byFelsinger 2004). Riders employed lower ranges of tension
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when riding their young horses in contrast to their advanced competition horses. Also different

patterns of tension wer detected on the same horse in opposite directions.

Each gait produces a specific pattern of foregth two spikesper cyclein walk and trot and one
spikesper stride in canter. Thessikescan be explained in relation to the footfall sequences of the
gait (Preuschofet al. 1999a, Claytoret al. 2005). The reported amplitudes were greatest in trot.
During ridden work some riders constantly remained beloweim tension of 20 N even during
difficult dressage movements. The majority of riders, howeapplied tension of 58 N on average
with peaks of up to 147 KPreuschoft et al. 1999aln order to find out, whether these fluctuations

of rein tension are due to the rider or to the horse, carriage horses were controlled in the same way.
In an experimentith carriages rein tension was measured with curb bits in all gaits (Preuschoft et
al. 199% & ¢. Carriage drivers applied 49 N in everyday situations, aboutld& N in dressage
tasks and up to 245 N during transitions from trot or canter to halan8ardbred trotters were
controlled with at least 177Muring training sessions. Aast paces tensions of up to 392 N were
applied to the reingPreuschoft et al. 1999b &.cJhe average rein tension was 29.4 N in walk8 $8.

in trot and 98 N in canteré¢ported by Herde 2005 he pattern of spikes was displayed in all gaits in
exactly the same way as in ridden hors@&hviously, movements of the horse’s head and neck are
responsible for the spikpatterns (Preuschoft 1999a, Preuschoft et al. 1999b &ncojalk e.g. horses

nod their heads during the swing phase of their protracting front limb due to the contraction of the
a® ONI} OKA2OSLKItAOddzad {AyOS (KS Y20SYSyil TFTNBIdzSy
However, it might be the reasofor the often enormous increase in rein tension at trot compared to
walk (Preuschoft 2008). Warreédmith et al. (2005, 2007) foundgdher rein tensions during loRg
reining (5 N) compared to riding (3.9 N), regardless of the gait and head gear. The ramgsif
tension was recorded when straight lines were ridden, whereas the highest range of tension was
detected during halt transitions. In a horse pulling hard against the reins the maximum tension

measured vere4 ¢ 43 N in walk, 1951N in trot and 21 104N in cante(Clayton et al. 2005).

In walk, rein tensiospikesare found at hind limb stance (Egenvall et al. 2015a). In trot rein tension is
highest at each suspension phase and lowest at stance. During rising trot only, differences in rein
tension between the midstance phases can becdmented(Egenvall et al. 2015a). At canter the

NI y3aS 2F Y2@SYSyild 2F GKS K2NERSaAaQ KSIFR FyR Nz
each canter stride a spike of tension occurs every time the diagonkitigre/outside hind is in

stance (Claytomet al. 2005). Maximal tension was found just before the beginning of stance. Tension
release was more distinct on the outside rein. Minimum tension was reached close to the suspension
phase (Egenvall et al. 2015In the equestrian literature, contact is defined rather inexplicit, leaving

the amount of adequate tension up to the perception of the individual rigiiseler 1933, Miesner
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tension than they expectefStahlecker 2007 he recorded data also revealed a difference between

the slightly sagging reins as claimed by the old masiadcsthe tightened reins used by the cavalry

(de la Guériniérel733 Steinbrecht1901). This tighter rein contact comes close to the type of
connection which is demanded by the literature afnventional Europeanriding disciplines and

commonly used in practiceMiesner et al. 2000)Reins are visually identified as sagging if theksla

span exceeds one cm, below this value the reins appear tight. Sagging reins with a afaok tsyp

cm implicate about 5Nf tension whereas seemingly tightened reins with a slack span-d.% cm

result in pressures df0- 20N (Stahlecker 2007)

Higher rein tension peaksccuredduring sitting and lengthened canter. Lower minimal rein tension
was revealed during collection (Egenvall et al. 2016a). However, the level of analysis proved to be
essential for the interpretation of rein tension signalsd statistical results (Egenvall et al. 2016b).
Furthermore, considering the different movements of the head, neck and trunk according to gait and
speed is regarded to be important for the interpretation of the cyclic rein tension patterns and the
ridersQ O2YLISyali2Ne Y20SYSyida o/fledz2y 9 bl dzwSt I SN
rein tension between gaits and exercises in professional riders, the different gaits and rider positions
were the major influence factors for the magnitude of rein $@n (Eisersid et al. 2015). Riders
mainly influenced the amount of minimum and mean rein tension, whereas the horses seemed to
determine the range and maximum rein tension applied (Eisersido et al. 2015). -ktigse
interactions are complex and include lmevioural responses such as mouth opening, lip and mouth
movement, ear flicking, head tilt and tail movement. Mouth movement is associated with the
suspension phase at trot, possibly due to hand movement of the rider, and related to rein tension
and the had-mouth distance (Eisersi6 et al. 2013). Mouth movements such as mouthing the bit,
retracting the tongue and placing the tongue over the bit were associated with the application of rein

tension (25N) and did not correlate to different types of bits (Madfret al. 2010).

Timing of the relief of rein tension as a rewaie. the correct use of negative reinforcemeséems

to be of major importance. Relief of tension at the first sign of a correct response results in fewer
attempts of the horse to push agnst the bit (Egenvall et al. 2012). Riders keeping their hands still or
releasing pressure induced the horse to decelerate, which was associated with lower rein tension.
Riders, who pulled back on the reins or released tension after the horse showedothect
response, were confronted with their horse pushing against the bit and showing less deceleration

(Egenvall et al. 2012).
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Considering both transitions with and without intermediate steps, Egenvall et al. found higher rein
tension associated withransitions increasing speed and transitions to and from canter. The reported
magnitude of tension ranged from 13 N for transitions increasing speed from walk to trot up to 41 N
for decreasing speed from canter to walk (Egenvall et al. 2016c). The medansgion for walkhalt
transitions applied to a model horse was significantly lower (4.6N left, 3N right) (Hawson et al. 2014)
compared to walkhalt transitions with horseider interaction (15.9N) (Kuhnke et al. 2010he

mean rein tension reported in thdifferent studies varies between the different gaits (walk-2934

N, trot: 3.4588N, canter: 16.298N) (Preuschoft et al. 1999&laytonet al. 2003, 2005, 2011erde
2005,WarrenSmithet al. 2005, 2007, Kuhnke et al. 2010, Randle et al. 2@hd different locations

and therewith associatedraining philosophies (Konig von Borstel & GliBmann 20it4)as to be

taken into account that different types of equipments were used which were not always utilized on
both reins due to the high weighClayt: et al. 2003WarrenSmithet al. 2007). On the other hand,
however, the amount and pattern of rein tension varies with the individual horses (W-&math &
McGreevy 2005, WarreBmith et al. 2007). Investigations how much rein tension horses would
voluntarily apply to themselves e.g. to obtain food, revealed that the use of a bit or bitless bridle
does not seem to be an influence factor. However, the type of horse might play a role. Ponies were
willing to apply more rein tension to thembses (44N), tharwarmbloods or fioroughbreds (29N)

and rein tension remained on the same level over various trials (Kubiak et al. 2017). In a similar
study, mean rein tension decreased over the consecutive days (5.7N on day 3 vs. 10.2N on day 1) and
short reins with highetension were accompanied by conflict behaviours. With singtented snaffle

bits, naive lorses initially applied up to 40N to themselves, but they seemed to avoid rather than to
habituate to rein tension (Christensen et al. 2011). The application oftegision induced the heart

rate to increase. Rein tension was higher on the left rein, but decreased with subsequent treatments
(Fenner et al. 2016). Rein tension varies between different head and neck positions of the horse
during riding. The competitiorirame or LowDeepand-Round showed higher rein tension and
cortisol levels than riding in a looser frame, thus indicating possible welfare issues (Christensen et al.
2014). On competition sites, up to 93% of the horses are ridden with tiw§elinesbehind the
vertical, which was associated with frequent discomfort behaviour (Kienapfel 2011). Due to the long
f SOGSNI FN¥a 2F GKS NBAyaz NARSNE INB LKeaAaAOrfte
position. In order to decrease flexion, horsgeuld need to exert forces of their neck muscles that

are up to four times higher than the maximum passive forces required to maintaining a fully relaxed

head and neck position (Kienapfel & Preuschoft 2016).

Factors influencing rein tension seem to besnof all training, breed and age (Warr&mithet al.

2007). However, rein tension seemed to be determined more by the previous training programme
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rather than the age and time span the horse has been trained for (W&maith et al. 2007). This

finding cantrasts the principle of habituationMcGreevyet al. 2007, Claytonet al. 2003, McLean

2003) and needs further research. For riders, the action type profile consisting of cognitive,
emotional and motor preferences has been suggested to play a role (Leeptaal. 2016). The

SljdzA LIYSYy G KFa |y AYLI OG 2y NBAYy {(Syaizy FyR (KS
between several types of reins and materials (Randle et al. 2011). With side reins, tensions are higher
when the reins are short. Inelastieins are associated with higher peaks whereas elastic reins lead

to an increase of minimum tension (Clayton et al. 2011). Besides an increase in mean rein tension,
riders influence the horses head position with martingales (Heleski et al. 2009). Traidsnguch as

rubber bands or the chambon are used to modify the head and neck posture, thus influencing the

activity of the fore and hind limbs (Biau et al. 2002).

3.15 Rein tension and its relation to handedness in riders

The handedness of the ridés often suspected to induce or increase motor laterality of the horse
(Wyche 2004Stahlecker 2007/riiger 2003 It is argued, that in righanded riders, the left hand is
weaker than the right hand causing difégrces in rein tension and rein sign@&yche 2004). It is
assumed that reinignalsfor bending given with the right hand are soft and flexible. In contrast,
those of the weaker left hand are stiff, tensed and hindering which makes the horse move crookedly
(Wyche 2004). Others, however, regdt right hand as the stronger hand applying more tension
(Stahlecker 2007). The left hand which is mainly used for stabilizing tasks is considered to be more

sensitive (Stahlecker 2007).

In riders, handedness is also suggested to increase the riskuoyf.ispecially the shoulder region

and the muscles dealing with rein tension are more susceptible (Pugh & Bolin 2004, Ekberg et al.
2011). With high rein tension, the muscles stabilizing the scapula such as. tih@pezius(Pugh &

Bolin 2004, Teradatd.H nnno a4 ¢Stf 4 GKS NARSNRaA OSNBAOL
loaded (Pugh & Bolin 2004). Unbalanced horses or riders pulling harder on the reins of one side
evoke asymmetric rein tension and muscle imbalances in the long term (Pugh &2Bo#ih In a

worst case scenario, asymmetric rein tension causes asymmetric muscle strength. This results in
recurrent micretrauma and inflammation of the slackened side and further wastage (Pugh & Bolin

2004). The degenerated muscles induce muscle ingiabind the shoulder impingement syndrome

(Pugh & Bolin 2004). This syndrome encompasses abrasion and compression of the rotator cuff and

glenohumeral joint structures (Ludewig & Cook 2000, Pugh & Bolin 2004). It includes alterations in
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muscle activity ad the range of motion of the shoulder and can result in scapular protraction

(Ludewig & Cook 2000, Pugh & Bolin 2004).

In fact, theNJ& R BeM&p#ion of rein tension is subjective (Weber 19%8ahlecker 2007and often
varies between left and right hasd(Weber 1978). Perception of hahéld objects such as reins
depends on the structure of the rein and the applied grip force (Flanagan & Wing 1997). It can differ
between static and dynamic objects (Flanagan 1996). Slippery or moving objects requiteerl hig
amount of grip force in order to stabilize them as static objects or those with a rather rough structure

(Flanagan 1996, Flanagan & Wing 1997).

The results of previous studies and experiments provide hints for the influence of handedness in
equestriandisciplines. In his experiment with blindfolded riders, Stahlecker (2007) recorded higher
tensions in the right rein when an even contact to a wall was@eed. No difference could be found

between left andright reins in a similar trialquire et al. 206).H2 6 S@SNE Y2aid NARSNAQ
equally weighted seat bones was incorrect. The majority of riders had more weight on their left

ischial tuberosity, thus creating an unintended weigignalfor the horse (Guire et al. 2016). The

magnitude of apprpriate rein tensions is highly variable between different riders (Randle et al.
2011).An unevenand quite strong rein contact has beexperienced as even and smooth by the

rider (Clayton et al. 2013). Higher tension and a greater range of tension irgterein introt and

canter as well as during longeining have beerrecorded on a straight linecomparedto higher

tension inthe inside reinwhen riding turns (Warreismith et al. 2007, Eisersi0 et al. 2015a)
Furthermore, a higher amount of tension svaecessary for turning to the right as compared to a left

turn (WarrenSmith et al. 2007)Different tensions between the left and right rein and a pattern of

increased mouth movementwere revealedwith left rein tension, while the rightein decreased

mouth movements indicating K & G KS NARSNBQ KFyR& YAIKG 6S Y2
Y2@SYSyil GKIYy GKS NARSNEQ aSriz gKAOK g2dzd R 02 Y
(Eisersio et al. 2013). In that case however, an independentadeae does not seem to guarantee

good horserider interaction.

Even @ a model horse rein tensiowas asymmetridor walk-halt transitions with more tension on

the left rein. The results showed large variation between riders and were not related to rider
morphometry or rein tension as such (Hawson et al.£01n other studiesno asymmetry during
transitions to halt(Clayton et al. 2017) or during bimanual and siftdeded rein contact were
documented Randle & Loy 2037 However, a stronger right reioontact during trot and canter
regardless of rider handednesgas documentedWhen rider handedness was taken into account,

higher tension was revealed in the rein of the rdominant hand of lefhanded riders. Even though
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asymmetry patterns were exhibiteby left and righthanders, they were not mirror images (Clayton

et al. 2017).

In previousresearch rein tension was measured in 11 righdnded riders. Each rode a lefind
right-lateral horse in all gaits and both directions on a circle and madewallehalt transitions. Rein
tension was higher in the left rein of the ld&teral horse. In a counteslockwise direction, more
GSyairzy gta FLIWXASR (2 GKS AyaiARS NBAYy® -wSAy
dominant side. Results reveal a possible influence of both human handedness #&d NB S Q &

laterality on the symmetry of rein tension (Kuhnke et al. 2010).

These results indicate that a correlation between human En@l NHBaglly and asymmetric rein
contact does exist. Howevemhis hypothesis has not been entirely investigated with all combinations

of horserider laterality and the mechanisms behind asymmetric rein tension remain unclear.
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4. Laterality of horses and riders in equestrian sports and possible
Impacts on competition results and risk of injury

41 Aim

The aim of the study was to determine the distribution and main directioik & NHafe@ldy in
equestrian sports. Additionally, it investigated the possible influendé af NFarfl @uman laterality
on compdition results and the incidence of musculoskeletal injury for horses and riders.
hypothesized thatcomparable to the influence of handedness competiton results and risk of
injury in other sport discipline¢eft-handed individuals might be moraiccessful and dominant limbs

might be more prone to injuries inoth horses and riders.

4.2 Material & Methods

An online survey was designed containing 14 general questions about the participants (esexage,
discipline, years ofriding experience). The horserider-combination was surveyed by a single
jdzSaGA2y al1Ay3a TF2N (KS-aydhdaidl hérses. Rafkichantsiveétdi A O A LI
asked 14 general questions about their horses (e.g. age, sex, breed, discipline) waitptitire to

desaibe up to 4 left and 4 rightlateral horses in more detail with 18 questions each (Appendix

13.1.1). The direction of laterality referred to the horse's preferred side for dressage tabksstudy

design and questionsvere tested for clarity and compremsion by five test participants and

adjusted accordingly. The survey was set up in German using the online platform soscisurvey.de. The

link was published via the websites and social media platforms of several horse breeding and sports

associations in Gerany and Austria and was available éght weeks.

Crosstabulations of two characteristics withi23 values were investigated for random distribution

using chisquare tests, phi and Cramensin SPSS.

4.3 Results

A total of 686 riders (13.7% ldftanded (n=94), 79.2% rigktanded (n=543), 5.7% ambidextrous
(n=39), 1.5% not specified (n=1@Yrticipated. In a single question investigating the combinations of

horserider laterality, 1286 horses (55.4#6t-lateral (n=713) 41.6%right-lateral (h=535) 3%without
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information (n=38) were classified according to their preferred side for dressage tasks. Comparisons
of laterality with other traits were based on the more detailed description of 1197 hosed%

right-lateral (n=684), 42.8%eft-lateral (n=512) Table 1, Figure)l

Leftlateral Rightlateral No information | Total number of
horses horses given horses
Overview withone single
guestion 713 535 38 1286
Detailed description 512 684 0 1197

Tablel: The distributonoK 2 NAE SQa I 6SNIfA(e adiNWSeSR 6A0GK RATT

The majority of riders was femalehi2=469, df=1, p<0.0001; 90.4%=620, male 9.6% (r66) and
rode one or two horses on a regular basis, regardless of their handedness. Riders of all ages
participaed in the survey (€18 years 12.2%(n= 84, 1930 years 43.1%(n=296, 31-50 years 37.3%
(n= 256, 51 years and older7.3%(n= 50). The participants lived in Germany, Austria and the
Netherlands however, participation varied between the differentiomg (Bavaria1.2% (n= 8),
BadenWirttemberg 0.4% (n= 3, Hesse 4.5%(n= 31), Lower Saxony2% (& 14, North Rhine
Westphalia 34.3% (& 235, RhinelandPalatinate 0.6% (& 4), SchleswigHolstein 6.3%(n= 43,
Brandenburg 0.1% (n= 1), MecklenburgWestPomerania 3.4% (r 23, Saxony 4.2% (29,
SaxonyAnhalt 1.5% (& 10, Thuringia21.4% (& 1479, Hamburg 1.5% (= 10, Berlin 0.4% (& 3,
Netherlands 0.1% (& 1), Austria 18.1% (r 124). Riders preferred the disciplines dressalf5%
(n=278), show jumping21.1%(n=145), eventing 8.3%(n=57), vaulting 0.9%(n=6), hacking 2.4%
(n=17), gaited horsed.3%(n=2), Westernriding: 6.4%(n=42) and leisure ridingl9.2%(n=132). The
average years of riding experience was 19.9 years. The nyajbnitders was riding at German riding
level AL (E 7.1% (& 49, A 28%(n= 193, L: 25.9% (& 179, M: 17.5% (7 120, S 6.9% (& 47,
other systems or unable to categorisk3.7% (& 94). Riders were active for several hours per week
(1h: 1.7% (& 12), 2-5h: 32.8% (8225, 6-10h 38.8% (& 266, 11-15h 14.3% (n= 98), 1B0h: 5.7%
(n=39), >20h: 5.1% (n= 3Mpweverl.3% ofriders were currently inactivén=9).Riders who rode
one @8.9%,n = 326) or more than on&1.1%, n = 341) particular horaad young 47.9%n = 325)

or experienced horses19.7%,n = 336 2.7%riding school horsesn= 18) were equally distributed.
Most riders took part in competitions at a regular ba$ig.0%,n= 387 42.1%n0o competitions n=
281) and were not active indditional sports $6.8%,n= 384 43.2%additional sports n= 292). The

majority of participants had not sustained an injury to the shoulders, arms or hand in the past five

43



years 67% (= 457; 33%injured participantg(n= 225). Muskuloskeletal injuries dinot have to be

directly related to equitation.

The majority of horses was female (chi2=644, df=3, p<0.0001; 53.4% (n=639); 46.6% male (n=558)).
The mean age was 12.5 years. Thwrses were mainly active in the disciplines dressatf4%
(n=483), show jmping 22.9%(n=274), eventing5.3%(n=64), leisure riding14.8%(n=177), hacking
3.2%(n=38), Westernriding: 3%(n=36), vaulting 0.8%(n=10). No horses were used fendurance

riding, buttwo horses were used for racing (0.2%) antk horse was usetbr gaited horse riding
(0.1%) Horses of various international warmblood angbny breeds, as well as Arabs,
Thoroughbreds Western horse breeds (e.g. Quarter and Paint Horses), gaited breeds (e.g. Icelandic
horses) and light draft horse breeds (e.g. Nerjkwere represented in the sample. Horses were
mainly ridden by one or two riders at the German riding level8.80(n=104), A 28.6%(n=316), L
28.4%(n=314), M 15.7%(n=174), S7.4%(n=82) and various other levels e.g. from Western riding
5.7%(n=63) or could not be classified: 4.1%652). While a large number of horses was ndtlen in
competitions (25.1% (n859)), most horses had multiple placings8(8% (n268) or multiple wins
(11.2% (n£60); 1 win 5.2% (& 75, 1 placing 6% (& 86, unplaced 8.5% (r122). While58.5% of
horses (n=584) remained uninjured41.5% ofhorses(n=415)had sustained injuries withithe past

five years to eithethe left (39.5% (n£64)), the right 81.4% (n%72) or both sides19% (nZ9)).
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(p<0.0001)
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Regardless of the rider's handeeks, leftlateral horses were more common in horgder pairs
(Figure 1) However, lefthandedriders rode leftlateral horses more often (48% left lateral vs.
23.4% righdateral) than righthanded riders (40.2% lefateral vs. 32.6% rigHateral). Horserider
pairs were more equally distributed with ambidextrous ride88.8% leftlateral vs. 28.2% right

lateral, <0.001, Figrel).

Dressage, show jumping and leisure riding were the most favoured disciplines amongst the
participants(Figure 2) While ight-handed riders mostly preferred dressage (41%) and show jumping
(20%), lefthanded riders showed a stronger preference towards show jumping (29%) than right
handers (p=0.02). Aniteextrous riders preferred leisure riding (23%Yestern riding (10%) and
alternative riding styles (3%) stronger than {aftd righthanded riders (p=0.002). Age asdxdid

not relate to laterality in riders or horses (p>0.05). Additional sports and the participation at
tournaments did not relate to handedness (p>0.05). Howeviglers of higher riding levelspent

more hours per week riding (p<0.0001) antbre frequentlydid not engage inadditional sports
(p<0.0001).
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Figure2: The distribution of ridehandednesgp=0.02)within different equestria disciplines (%)
based on the surveyed sample of 686 riders.
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Figure3: The distribution of coat colou@b)in relation toK 2 NJater@lidy based on the preferred
side for riding tasks in the surveyed sample of 1197 hqisedticolour= horses with more than one
coat colour e.g. pintog<0.0001).

Within the sample of leftlateral horseg2%, n=8)therareO2 I i O2f 2dzNJ aLJ f 2 YAy 2§
present than inthe rightlateral sample 1% n=6, Figure 3 The oppoke was truefor black (13% in
right-latera (n=91)vs. 9%(n=47) in leftlateral horse¥ and dun horses (3%n= 18) in righdateral vs.

1%(n=3) in leftlateral horse}. 57% of palominos were described as-laferal, whereas and 66% of

blacks and 86% of duns weoategorized as rigHateral (p<0.00}, Figure 3 Rightlateral horses

carried their mane more often on their dominant, right side (54.7% vs. 41%, p<0.BigQte 4. No

significant influence was found fér 2 NBater@lidy and age, breed and the numband level of their

riders (p>0.05).
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Figure4: The direction of man¢o)in relation toK 2 NXater@lidy based on the preferred side for
riding tasks in the surveyed sample of 1197 ho(pe®.0001).

Regardless of theirhassQa f I G SNY f Alés GKS YI 22 NRA-addedrilersi K S
(30.9%) of the present sample were activehiggh equestrian levels (German levelsSylp<0.0001,
Figure 5) In competitions left-handed riders achieved multiple wins mosteit(21% vs. 12% right
handers and ambidextrous each), whereght-handed rideramost often achieved just one wifT%

vs. 5% lefhanders and ambidextrous each) or remained unplaced (12% vs. 5%atefeéd and
ambidextrous eachFigure . Ambidextrous ders most often achieved one (11% vs. 9%Heftders

& 7% righthanders) or more placings (28% vs. 26%-Haftders & 22% righbanders,p<0.003
Figure §. The majority of horses that remained unplaced or received just one win were ridden for 1
7 hours r week, whereas most successful horses were trained-fti2 Aours per week (p<0.0001).

At riding level M (p=0.018) and in the category of multiple wins (p=0.044), nalsecombinations
with matching directions of laterality (leftanded + left lateralrighthanded +right-lateral) were

most common
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tasks(p=0.001)

Righthanded riders reported more injuries in their dominant hand (#8.ight hand vs. 10.7% left
hand, p<0.0001, Figure)7 Lefthanded riders injured their nedominant hands more often than
right-handed riders (14.9% leftanded vs. 10.7% rigthtanded p<0.0001, Figure)7 Ambidextrous
riders remained uninjured more ofte(89.7%) than lefhanded (63.8%) and rigitanded riders
(65.7%,p<0.0001, Figure)7 The number of injuries of the preferred and npreferred side was

similar for left and rightlateral horses (16:18.6%). Leftateral horses showed a tendency towards
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more frequent injuries of the nopreferred side (18.6% vs. 16.2% preferred side) and -faghtal

horses towards bilaterahjuries (9.6% vs. 5.6% in léditeral horses, p=0.00Figure &.

No further relationships of laterality and injuries betweeiders and their horses or between injuries

in riders and horses and in horséer combnations could be detected (>0.p5However, the
different disciplines had a significant influence on the risk and side of injury (p<0.0001). In the
disciplines hackin¢3%), show jumping (58%), eventing (57%), and leisure riding (52%) the majority
of horses remained uninjured as opposed he Wisciplines dressage (48%)estérn riding (44%) and
vaulting (10%). In dressage riding (18%) and hacking (16%) injuries nfjlihéimbs were more
common, whereas injuries of the left limbs were raqurevalent in eventing (15%), 8stern riding
(22%) and vaulting (30%). In leisure riding (14%) and show jumping (13%) injuries occurred equally
often to the left and right. Bilateralnjuries were more prevalent in ®¥gtern riding (13%) and
vaulting (20%). The incidence of injuries and the risk of bilateral injuries increase with higher riding
levels. Horses in the riding levels E, M and S are at higher risk of injuries to theteftvinereas

injuries to the right limb mainly occurred at levels A and L (p<0.0001).

Rider injuries were not directly related to horse ridirgport success or additional sports (p>0.05),
however, the incidence increased with age (p<0.0001). Injuries efl#it arms and shoulders were
more prevalent throughout all riding levels (p<0.0001). The side of injury varied between the
different disciplines (p<0.0001). Injuries to the left were more often seen in dressage (23%), show
jumping (22%), eventing (27%jyhereas the right arms and shoulders were more injury prane
riders of the disciplines vaulting (20%) and king (24%). Bilaterdhjuries were mosbften found in

vaulters (10%). Leisure riders sustained injuries to either the left or the right Gel80h).

4.4 Discussion

4.4.1 Survey sample

The survey participation among riders was satisfactory. The sample contained 19PAnieééd and
ambidextrous participants, which is a slightjseater proportion than that previously reported for
entire populdions such as Germani¢Keever 2004 This distribution of the different directions of
laterality ensures good validity of the resultsowever, in order to proof the hypothesis of a greater
number of lefthanded and ambidextrous persons in equestriaonrsqy possibly due to advantages in
performance, a larger sample might be necessary. Since the sample of riders seems to be
representative for the population in Germany and most riders described a larger number of horses,

the sample of horses is likely be representative for the population of horses in European countries
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such as Germany and Austria too. The survey allowed riders to describe up to eight horses. However,

not all riders were expected to own and describe a large number of horses. Therefoas it
ySOSaalkNE G2 RSaAdy || adzNBSe GKFIG tft26SR ljdzSada
design, participants could leave any question unanswered. This design was expected to increase the
number of detailed horse descriptions, which was chose be of greater importance than the

resulting number of participants leaving some questions unanswered.

Survey results were based on the subjective assessment of the participantsabaity of answers
could not beverified. However, the subjective asssment ofK 2 NHate@ldy by theK 2 NAI&R &
seems to be the most reliable and repeatable method to determine the directidh N Hate@lidy
(Chapter 5Murphy & Arkins 2008) Riders might have exaggerated with their riding level or sport
successes howeverif present,this is expected to benot biased for one or another group of
participants thus not impacting general conclusions drawn from this stlrjuries to the limbsvere

not definedany furtherfor horses. On the one hand participantight have added some injuries
that were induced by accidents (e.g. kicks) and would not have been defined as injuries to the
locomotory system due to exercise or asymmetry. On the other hand however this open question
encouraged the participants to givegmod overview. For horses and riders a time span of five years
was chosen, to ensure comparability between all age groups and improve reliability of the

statements according to the side of injury.

4.4.2 The distribution of laterality in equestrian spds

Studies revealed different results of the main direction of motor laterality in horses according to
different test designs and populations, as well as other influential factors such as training or housing
(Loch 2000McGreevy & Rogers 2005, McGreevyl#ifison 2006, Murphy & Arkins 2008/illiams

& Norris 2007). In some studies the direction of motor laterality was related to certain body
characteristics such as facial hair whodu(phy & Arkins 2008 For American Quarter Horses
motor biased behaviouthas been detected in individualdVpishaw 201k Some individuals
preferred different sides for different &ks; however, motor laterality at population basis could not

be proven in all sample populationdM¢Greevy & Thomson 2006Whishaw 201k Similar
observations have been made in several species of great apes (Christel Tli89®3ame seems to be
GNHzS F2NJ GKAA &dzNDPSeQa al YL S LRLALFGAZ2yd 908y
horse, the distribution changed from a majority of righteral horses in the single overview
guestion to a majority of leftateral horses that were described in more detail. This was due to the
study design, as some riders did not or could not describe all of their horses stated in the single
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overviewqueston. A difference between the percentage of letind rightlateral individuals
comparable to that reported in humans or other speci€oien & Porac 1977, McManus 2002,

Hopkins et al. 2011, Tabiowo & Forrester 2Pd@es not seem to exist in horse

Stil, the preferred side of different individuals does seem to make a difference in equestrian sports.
Leftlateral horses were most common in this sur@gample population in all riders for the detailed
descriptions. However, riders seemed to prefer horghat matched their own direction of
handedness. Lettanded riders preferred lefiateral horses stronger than the other riders, whereas
ambidextrous riders showed almost no preference at all. The reason behind this preference in left
handed riders coulde a possible advantage in horgder communication when it comes to rein
tension. An impact of both, human ariti2 NHa@@l#y was documented for rein tension patterns

in righthandedriders. Less asymmetry occurred in rigditeral horserider pairs,suggesting that
matching directions of laterality might result in improved communication and training (Kuhnke et al.
2010). Similar to other spodisciplines (McManus 2002, Raymond & Pontier 2004, Economist 2004
Clotfelter 2008 left-handed and ambidexbus riders of this sample population were strongly
represented at high riding levels and more successful in competitions tharthdgitted riders. At
riding level M, the majority of horseder combinations had the same direction of laterality (eft
handel/left-lateral & righthanded/right lateral). That was also the case for heniger pars with
multiple wins. Thissupports the hypothesis of an advantage for hordder-pairs with matching
directions of laterality. Since a significant distribution ad@og to this hypothesis could only be
detected for level M and multiple wins though, ldfanded riders are likely to be more successful for
reasons related to their own direction of handedness. {baiided individuals do not show mirror
inverted lateraliy patterns of righthanded individuals Goble & Brown 2008a A OK | U2 g & { A
Kroliczak 2015). Improved coordination on a motorneural and muscular basis, as well as differences
in muscle strength and grip force have been reported for theheftided human poplation, which
seems to be leskteralizedthan righthanders Rousson et al. 2009, Judge & Stirling 2003ese
attributes are likely to affect rein tension and thus hors#ger communication, which will be
investigated in another part of the thesis anight be an explanation for improved performanice
left-handed or ambidextrous rider§.he main goal imanyequitation discipliness to straighten the
horse and train it to move in a balanced way. However, the importance of and focus on a balanced
horse varies between the different disciplines and their requirements for successful performance
(Steinbrecht 1901Miseler 193, Klimke 1985Miesneret al. 2000. In addition to the asymmetric
distribution of rider handedness when it comes to performancecsess and riding levels, the
preference for certain disciplines seemed to relate to ridandedness. Lethanded riders preferred
showjumping more strongly than other riders, whereas rigisinded riders favored dressage and

ambidextrous riders showed arstger preference for Western riding and alternative riding styles.
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This suggests that riders might either favor certain disciplines that they are most successful in or
avoid disciplines that require improved horader symmetry. However, the mechanismghind

these asymmetric distributions remain unclear on the basis of a survey. In confrontational sports
only, e.g. in boxing or tennis, ldfatnded humans are strongly represented and advantaged
(McManus 2002), possibly because the direction of their striks unusual for their rightanded
opponents. However, lefhanded individuals are also more skilll and fasterwith their non
dominant hands and use them more often than rigfanders do (Steenhuis & Bryden 1999, Rousson

et al. 2009). They often penfm superiorly in bimanual tasks (Judge & Stirling 2003), which might

provide an advantage when it comes to proprioception and communication with their horse.

4.4.3 The relation of laterality to other body characteristics

Unlike other studiesNMicGreevy &Rogers 2005, McGreevy & Thomson 2006, Williams & Norris 2007)
laterality was not related to horse breed. However, horses of different colours were more likely to be
either left- or right-lateral. Theinheritance of laterality and the number and specifangs involved
remain unclear in humans and are unknown in horgasnpur et al. 2014, Ocklenburg et al. 2017
Certain Body characteristics such as facial hair whorls however have been related to laterality in
horses andother species before (Murphy & Arld 2008). The same might be true for other
characteristics such as coat colour. The number of blacks, palominos and duns in the sample
population were rather small thoughand the distribution of laterality in the whole sample did not
clearly differ betwea left- and rightlateral individuals, so these results might not be reliable. The
majority of horseshad their mane on their dominant side. The mechanism behind that could be the
K2NERSQa ylIiGdaNFtf ONRB2]1SRYySaaod ¢ KSsis¥kdimihe shdriened,y §( KS 2
thus creating the impression of the horse being naturally flexed towards its preferred side
(Steinbrecht 1901Miseler 193, Klimke 1985Miesneret al. 2000, which might facilitate the mane

to fall to this side of the body. In as@le of American Quarter Horses however, side bias of mane
did not correlate with actual laterality (Whishaw & Kolb 2017).

4.4.4 The relation of laterality to the incidence of injuries

Structural asymmetries and an increased risk of injury are assoacrgtadaterality in humans and
horses Gtashak 1995Dysonet al. 2003, Pugh & Bolin 2004, Pearet al. 2005. Similar to other
studies, righthanded riders reported more injuries in their dominant, right si@awley et al. 2005

Lefthanded riders howeer were more prone to injure their nedominant right side. It has been
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argued that nordominant limbs play a stabilizing role and thus bear more load than the dominant
limbs which are used for tasks requiring accur@aallden 2011). This theory migttowever, be

more relevant for legs than for shoulders, arms and haigisce the injuries reported in this study
must not necessarily have been related to equitation, the reasons could be either accidents or
excessive use of one body side during the noromirse of life, which might explain the increased
risk of injury and overuse for netiominant limbs of lefthanded persons which have to adapt to the
mostly righthanded population and their tools. The reduced risk of injury in ambidextrous
participants tirther supports this hypothesisAnother approach would be to differentiate between
injuries due to compression (e.g. as a result of deading a nordominant limb) or traction
(Wallden 2011). However, the available informatimes not allow differentiang between different

types of injuries.

Thenumber of injuries of the preferred and nepreferred side was similar for lefand rightlateral
horses. Studies focusing on structural asymmetries reported higher risks of injury as a result of
laterality (Van Heelket al. 2006, Ducro et al. 2009a However, other studiesreported anincreased
number of injuries to one side without regard b2 NHafi@ldy (Anderson et al. 1999Ramzan &
Palmer 201} Patterns of dysfunction (Wallden 2011) according tmbli dominance and the
associated loading patterns of the nalominant limbs, which might provoke bilateral injuries or
structural asymmetries due to compression of one side and traction as a result of muscularyatroph
of the other side, have been documentéd humans (Wallden 2011Even though this cannot be
examined on the basis of a survey, these mechanisms naighlain why in horses the number of
injuries to the dominant and nedominant sides did not differ much. Incidence of injury as such
varied betveen the different equestrian disciplines. While horses competing in some disciplines such
as show jumping had the same incidence of injuries to their dominant omdoominant side, in other
disciplines such as dressage an injury to the right side was prevalent. Similar findings have been
reported for racingThoroughbred with up to 82% of injuries recorded in right limbs (Ramzan &
Palmer 2011) or Quarter Horses (Anderson et al. 1999). In fact, jump training seems to increase risk
of injury in horseswhereas variation in training might be a measure to reduce injuries (Egenvall et al.
2013). The incidence of injury varied between the different disciplines for riders too, however this
sample might contain information that is not entirely related to rglinEven thougmo direct
relationship between human handedness and injuries in horses could be proven in this sample, the
laterality and symmetry of the rider still affects the horses balance to some extent (Symes & Ellis
2009, Mlnz et al. 2014). This mighlay a role on a different level, e.g. on the level of heriger
symmetry in different disciplines, whictithrough different loading patternscould explain the

different risks of injury for left and right limbs and in total between disciplines.
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4.4 Conclusion

4.5.1 The distribution of laterality in equestrian sports

Although left-handed and ambidextrous humans are less frequent in the population, the results
indicate advantage of them with regard toriding level, competition results and risk of injury.
Direction of laterality in the rider rather than the horse appears to be more important to equitation
success and safety, even though hergter combinations with matching directions of laterality may

be more successful.

4.5.2 The relation of lateraliy to other body characteristics

At the population level, & N.J|&eadity does not seem to bstrongly biased to one sidélowever,

correlations between certain body characteristics and laterality seem to exist.

4.5.3 The relation of laterality to theincidence of injuries

Laterality patterns irhorses seem to have a minor influence on their risk of injury compared to

riders. Human handedness does not influence the risk of injury in horses.

4.5.4 Further research

Further research collecting direct daiof horserider symmetry and communicatior.g. via rein
tension as well as attestable information on competition results and injuseseeded to prove the
hypothesis of an advantage for the ldéfanded and ambidextrous rideand horserider pairs wih

matching directions ofaterality. This research question will be exmined in chapter seven.
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5. A comparison of different methods to determine E T O OvorO
lateralit y and its relation to rein tension

51 Aim

¢tKS aiddzRéQa |AY 6Fa (2 re&atyobtaiNg by difeiEhSivedhgdd oo S 6 S
determineK 2 NHa&®ldy in German warmblood and pony breeds, as welina§horoughbreds

Furthermore, it aimedat investigatingthe relation of laterality results obtained on the ground to the
NARSNERGS do25OdaYSyld 2F (KS K2NBRSQAE LINBFTFSNNBR a.
Ay@SaidA3alridsS GKS NBadzZ G§aQ NXErtehded t8 geterindethdlBtargl G Sy a A
displacemenbf the hindquarters durindhoroughbredlat races from ideo analysis and compate

the results to those in situ, when standing straight behind the horse in order to assess validity of the

video analysisSince results of a few methods have not agreed between and within some studies, it is
hypothesized that redts might agree between the majority of methods, while other methods are

likely to either disagree or not allow conclusions on laterality during riding.

5.2 Material & Methods

5.2.1 Methods to determine the direction oK 2 NJateliy

In the present stdy, horses were classified according to a variety of methods:

- The preferred advanced foreleg during grazing was recorded with scan sampling at intervals
of 30 seconds and 60 seconds (counting every second recording) for 2 hours as previously
described byMcGreevy & Rogers 20@bigure 9).
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Figure9: The preferred advanceeft) foreleg during grang

- The preferred advanced foreleg when eating from a bucket off the ground was determined in

15 trials. Horses started the approatd the bucket from different distances individually in

an alleyway as previously described by Van Heel et al. 2006 and optimised by Van
Dierendonck 2014When grazing or eating from a buckeete had to be at least 28.5 cm
space between the front feebf a valid trial in horses and 25.5 cm for a valid trial in ponies
(Van Dierendonck 2014RReference markers on the ground next to the food bucket ensured
that the distances were estimated correctly. The laterality indexalme) was based on the
number d left vs. right advanced forelimbs in relation to the total number of valid trials (Van
Heelet al. 2006, Van Dierendonck 2014). A&ue of 1.96 was classified significant and a

Z-value of 1.0 was considered as a tendency towaridgexalizedbehavour.

- The visual laterality (preferred eye for investigation) during confrontation with 3 novel
objects (plastic bag, ball, toy) was determined as previously described by Larose et al. (2006)
and ce Boyer des Roches al. 008).

- As a new approach, thiateral displacement of the hindquarters in relation to the median
plane was evaluated from behind for each horse while the horse was standing with square
hind limbs When viewed from behind, the hirgiarters were regarded as a fixed point and
the lateral deviation of the shoulders was determined depending on which front limb was
visible between thehind limbs To control observer position the hocks were used as a
reference point. Consequently, as a second step, the deviation of the hindquarters was
deduced when regarding the shoulders as a fixed point, i.e. for a deviation of the
hindquarters to the right, the right front leg had to be visible between hived limbs(Figure
MAO® ¢KAE UGSNIXYAYIFGA2Yy 61 a OK2aSy | OO2NRAYAS
common ridinditerature, which refers to a lateral displacement of the hiju@rters.
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- In order to determine the degree of the lateral displacement of the hindquarters, a
LIK2G23INF LK g+a GF1S8Sy aKz2gAy3d GKS Gretdm2F GKS
behind. Using anatomical landmarks to draw reference lines, the angle of deviation of the
K2NARSQa &ALIAYS FNRBY | LISNLISYRAOdzZ I NJ GKNRdzZAK (K

FigurelO (left): Lateral displacement of theindquarters to the right with the right f@limb visible
between the hindimbs (arrow) Line b showshe position of the hindimbs (hocks)Line aindicates
the position ofthe front limbs (fetlocks)The vertical reference line shows the position lbé tfront
fetlocks in relation to the hocks.

Figurell (right): Reference lines to determine the angle of deviation of the spiime @) from the
perpendicular through the witherdife ¢ in a horse with its hindquarters displacéal the right,
using the shoulderfline a)and tuber coxadline b)as anatomical landmarks.

- As a mvel approach, the lateral displacement of the hindquarters from the median plane
was determined during analysis of official videdsflat racestaken fram a raised position.
The group of horses {22 horses at once) was visible frontally, laterally and from behind
during the race. The direction of the lateral displacement of their hindquarters from the
median plane (either left or right) was determined, &ha horse was shown straight from
behind before entering a bend or after passing the finish.IFF@ each horseaterality was
determined based omesults of 26 racesin one or both directions (i.e. some horses were
observed in two races clockwise whadéhers were observed e.g. in 4 races clockwise and 2

races counteiclockwise).Horses were considered to be ambidextrous, if they showed
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inconsistent laterality in one or both directiorduring at least two racesConsequently,

horses were allowed one dition only in order to be still considered as lateralized.

The preferred lead during flat racing (as previously described by Williams & Norris 2@((7)
determined during video analysis. When the horses were galloping down straight towards
the finishline in slowmotion, the lead and, if shown, a change of leads were recorded.
Horses were categorized as preferring the left or right lead with regard to the direction of

race or as ambidextrous, if recordings were inconsistent.

The direction of facial ha whorls (trichoglyphs) (Figure 12) was recorded as previously

described by Murphy & Arkins 2008.

Figurel2: Clockwise (top right) and countetockwise (center) facial hair whorls

| 2 NHaS@liy (preferred or suppleside for dressage tasks) was assessed by their riders
as previously described Burphy & Arkins (2008).

Laterality patterns of mean rein tension in relation to the direction of movement (clockwise

vs. counterclockwise) were investigated as previouslya#ésed by Kuhnke et al. 2010.

The direction of mane (left, right, bilaterally) was recorded (FigliBeand 14).
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Figurel3(left): A horse with its mane to the right

Figurel4 (right): A horse with @ilateral mane

- Additionally, agesexand coat colour were recorded.

5.2.2 The different sample populations

The present study investigated the different test methods in five sam@ds) of horses. For each

sample a different set of test methods was apgl{@able 2).

Sample Aincluded three groups of warmblood typed horses (warmbloods, riding ponies and
warmblood mixes, n= 67, age 0.223 years) observed at pasture in order to compare agreement
between results of different methods and their relationioK S NA RSNBR Q FaasSaavySyi
tension. The majority of horses in this sample were young horses that had not yet been ridden. For
some ridden horses, the riders were not available for questioning, so these heesesdded to the
category of wmridden horses. For 21 ridden horses, laterality was assessed by their riders and 12
horses (age -23 years; 10 righkateral, 2 leftlateral) with 10 righthanded riders were available for a

test ride. Rin tension was collected duringpnventionalEuropen riding at walk, rising and sitting

trot and canter in both directions on straight lines and circles. A rein tension device (Centaur,
Netherlands) was fixed between the reins and the bit. The device was calibrated before each test
ride. Rein tension wasecorded with a frequency of 100 Hz, sent wirelessly to a computer and

recorded with the Centaur software.

Sample Bconsisted 0f3973 warmbloods (aged 064 20 years, 2379 male, 1594 female) and 368

riding ponies (aged 0.622 years, 231 male, 137 femalebserved during breed shows or local and
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international competitions in situ or using video analysis in orderd&termine the lateral

displacemenbf their hindquarters.

Insample G 67 Thoroughbreds (36 male and 31 female) agd@ ears (mean age =Hyears) that
competed in 8 different races in a clockwise direction on asgrturf, were observed in sit@nd

during video analysis. Horses were led at walk by their grooms in the preparation area with and
without a rider, up to the racetrack and back tiee preparation area after finishing their race. All
horses were categorized as either Kdteral or rightlateral according to the direction of the lateral
deviation of their hindquarters from the median plane when walking away from the researcher at
any of these occasions (i.e. up to 4 observations per horse). On the following day, official videos were
available online of each race. The lateral displacement of the hindquarters was determined again

based on the video analysis and results were compaseddreement.

In sample D a total of 1822 Thoroughbreds (aged¢2l5 years, 1003 male, 819 female) were
identified and observed during video analysis of flat races in clockwise and calot&wise

directions.

Sample Bwas a group of 61 Thoroughbredsgéa0.00819 years)observed at pasture in order to
compare agreement between results of different methods obtained on the ground and during flat
racingas well as between results of the parents and their offsprifige grouf horses consisted of

one Thooughbred stud and his offspring (n=42) over five consecutive years with the same 13
Thoroughbred brood mares, as well as 5 additional, unrelated Thoroughbreds. Additionally, 18

horses were either by another stallion or out of a different mare.

5.2.3 Statistical analysis

Data were tested for normal distribution using &tuare tests in SPSGrosstabulations of two
variables (methods to determine laterality) with3® values (e.g. left, right etc.) were investigated
for random distribution using ckequae tests, phi and Cramer¢. Additionally Pearson correlations

were used to investigate relations between methadsldingnumeric data.

Rein tension and agreement with other methods was analysed using a mixed model, considering gait
(G), riding direction (D), task (T) and reins (Z) and their interactions as fixed effects, and rider (R),

horse (H) and horse*rider as random effects. Additional variables were consecutively added to or

exchanged in the term. The model was reduced again if a term was ndficagh Consequently the

terms were e.g.
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5.3 Results

Significant lateral behaviour it least one othe sample populationsrespectivelywas dcumerted

for the direction of manethe preferred eye for investigatigrnthe lateral displacement of the
hindquarters the preferred advanced foreleduring grazing, the preferred canter lead and the
NARSNRAa | 44SaavYSyd (Tabk 2iRésdta i 3evetinietBodsiagrésignifiGantly f A | &
(Table3). For all other methods conducted on the groums significant side bias or agreement with

other methods could be documented (p>0.05). Age a®k did not correlate with the results
(p>0.05). The facial hair whorls were randomly wlibuted (p>0.05). No relationship of the
occurrence of lateralized behaviour or the direction of laterality between either, the stallion and his
offspring, the brood mares and their offspring or both parents and their offspring was found
(p>0.05).
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Table 2: Overview of the applied laterality test methods and the different sample populatiMxed model analysis of mean rein tension accounting for

horse*rider as randoneffects and gait, rein*direction*task, laterality*handednessfixed effects.)

Method

Variable

Sample

Results

Level of significance
(chi?)

Advanced foreleg during

number of advanced

Most horses without preference. Significan

i 67 Warmbloods (Chapter 5, sample [levels remained, decreased or inased but |p<0.0001
grazing forelegs S
never changed direction.
30sec. vs. 60 sec. Scan 5 _ ... |61 Thoroughbreds (Chapter 5, Samgl¢ KS Yl 22NARG& 2F K2N.
sampling Zvalue +f 1.95 = significan E) LINEFTSNEBYOS & o p<0.0001
Advanced foreleg during [number of advanced none
eating from a bucketiimb  [forelegsz-value +£1.95 = [ -2 Warmbloods (Chapter 5, part of p>0.05
L sample A)
preference test) significant
. _ . none
V|§ual laterality (Novel preferred eye (left, right, 67 Warmbloods (Chapter 5, sample 0>0.05
object test) none)
Eyepreference g Thoroughbreds (Chapter 5, sampjLeft (one object only) p<0.0001
Lateral displacement of the|displacement to the left or 14408 Warmbloods & riding ponies [right <0.0001
hindquarters right (Chapter 5, samples A&B) p<L.
in relation to the melian 67 Thoroughbreds (Chapter 5, samp|Mostly right; ambidexterity observed
. : p<0.0001
plane while standing C)
61 Thoroughbreds (Chapter 5, sampjnone 0>0.05
E)
Degree of the lateral degree of lateral 12 Warmbloods (Rapter 5, part of  |none
. . p>0.05
displacement displacement sample A)
(Angle of deviation of the
spine from the perpendiculi
through the withers)
Direction of facial hair clockwise, counter 67 Warmbloods (Chapter 5, sample none 0>0.05

whorls (trichoglyphs)

clockwise,

radid, mismatching double

61 Thoroughbreds (Chapter 5, samp
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whorls E)
The majority of horses were assessedright
lateral.
21 Warmbloods (Chapter 5, part of 0=0.021
sample A)
WA RS N.I_) a raas Left-preference, right
(preferred side for dressag
preference
tasks)
Direction of mane left, right, bilateral 67 Warmbloods (Chapter 5, sample |none p>0.05
Direction of mane left, right, bilateral % Thoroughbreds (Chapter 5, sampjright p<0.0001
Preferred lead during flat |left, right in relation to the [1950 Thoroughbreds (Chapter 5, Mostly outside lead 0<0.0001

racing

direction of track

sample D)

Lateral displacement of the
hindquarters from the
median plane

during flat racing (video
analysis)

displacement to the left or
right or

inconsistent displacement

1950 Thoroughbreds (Chapter 5,
sample D)

Mostly right; ambidexterity observed

p=0.002¢ p<0.0001

67 Thoroughbreds (Chapter 5, samp
C)

Mostly right; ambidexterity observed

p<0.0001

Rein tension symmetry

rein tension (N) in relatin
to the laterality of horses
and riders andhe direction
of track

12 horserider pairs (Chapter 5, part ¢
sample A)

dominant (right) hand and to lefateral

2F NARAY3 | yR

Higher mean tension was applied with the

horses. The magnitude and stability of mes
rein tengon varied in relation to the directiol

Rider: p=0.044*
Horse: p=0.02*
Stability: p<0.0001*

0KS K
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Table3: Overview of theelation between the results of thapplied laterality test methods the different sample populationgMixed model analysis of mean

rein tension accounting for horse*rider as randafiects and gait, rein*direction*task, laterilti @ f K YRSRY S & a

laterality during riding are bolktl.)

I a

Level of significance

Method 1 Method 2 Sample Results (chi?) Further research
Advanced forele Left eye preferred only in horses with left leg Relation to motor laterality
g 61 Thoroughbreds |preference or no preference Left leg: p=0.005 with a larger sample of

during grazing 60 sec
Scan sampling

Visual laterality

(Chapter 5, sample

No preference: p=0.009

horses showing visual
laterality

Most horses showed no preference. Some right
lateral horses tended to prefer either their left or

Relation ofthe advanced
foreleg during grazingnd

Advanced foreleg VA RSNDA 21 Warmbloods right foreleg. LeHateral horses showed a tendenc eating from a bucketthe
during grazing 60 sec (Chapter 5, part of [to prefer the left foreleg only p=0.018 NARSND& | aas
. assessment . .

Scan sampling sample A) tension with a larger sampl
of horses showing a distinc
leg preference

Results agreed for most horses. Only horses with Examine agreement of
. their hindquarters displaced to the right were results in a larger sample ¢
Lateral displacement e
) : « A <« |21 Warmbloods assessed as lefateral. horses with distinct motor

of the hindquartersn [wA RS NX) a _ . .

. . (Chapter 5part of P=0.003 laterality and compare with

relation to the mediarjassessment . : .

lane while standing sample A) rein tension symmetry in

P order to identify
mechanisms of interaction

12 Warmbloods Rein tension tended to be higher in horses with a
Rein tension (Chapter 5, part of |[left-displacement p=0.077
sample A)
79% agreement overall; 81.5% agreement for hor
Lateral 67 Thoroughbreds |, 1 ined as rightateral and 69.3% for lefateral [p=0.0001

displacement of
the hindquarters

(Chapter 5, sample !

horses (Method1) in clockwise races

4408 Warmbloods &

No significant difference concerning the distributic

during vieo riding ponies of left-vs.rightlateral horses in both samples ~0.05
analysis (Chapter 5, sampte p=5:
A&B)
Preferred lead during|Lateral 1950Thoroughbreds|The majority of horses were righdateral or all p<0.0001
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flat racing

displacement of
the hindquarters
from the median
plane during flat
racing (video

(Chapter 5, sample
D)

ambidextrous based on results from races in both
directions. The preferred lead and lateral

displacement were identical, in lefand rightlateral
horses (Preference of ingdead in one and outside
lead in the other direction). Ambidextrous horses

analysis) displaced their hindquarters according to the racit
direction and preferred the outside lead in either
direction.
Rein tension wA RSN A& |12 horserider pairs Rein tension symmetry agreed mostly with the
symmetry assessment (Chapter 5, part of |direction of laterality assessed by the riders p=0.019

sample A)
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5.3.1 The direction ofthe mane

Most horses in sample E carried their mane on the right side (25.6% lefo@Tght, 7% both sides,
chiz=23, p<0.0001Direction of manadid not relate to any other method (p>0.05) in sample E nor

could a side bias be observed in any other sample.

5.3.2 Visual laterality (Preferred eye for investigation)

B no specific reaction
left eye
mright eye

Figurel5: The direction of visual laterality during investigation afavel object ball) (proportion of
horses ir%,sample Ep<0.0001)

During frontal approach with novel objects (plastic bag, toy, ball), most horses of sardmlen&t
usea specific eye to look at an object and thalsowed no eye preference (5358.3%, chi?=120,
all p<0.0001)However, for onespecific object, a sensory bias to the left was foun@1m0.7% of

the sample (p<0.0001, Figui®). No eye preference could ldocumented in any other sample.
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5.3.3 The lateral displacement of the hindquarters from the median plane

Lateral displacement of the hindquarters to the let

W and nght

Figurel6: The lateral displacement of tHa@ndquarters proportion of horses irfo) to either the left
(grey) orthe right (black) in German warmbloods (lefample Bp<0.0001), German riding ponies
(middle,sample Bp>0,0001) and Thoroughbreds (rigghmple Ep>0.05). Nasignificant difference
was found betweerexaminationson site and via live stream (p>0.05).

In sample E, a total af0.5% of the 61 Thoroughbreds had their hindquarters displaced to the left
and 59.5% showed a lateral displacement of their hindquarters to the right. However, laterality
according to this method was equally distributed in thisngée (chi?2 = 2; p>0.05) and not related to
20KSNJ YSGK2Ra 0 LIHn dn pindguarters/ wer [displated to thE lefKig N&L S Q a
warmbloods (19.4%) and 97 ponies (26.4%). A lateral displacement of the hindquarters to the right
was documented in 320&armbloods (80.6%; chi2 = 1486, p<0.0001) and 271 ponies (73.6%) and
was not equally distributed (chi?=81.5, p<0.00Figure16). Similarresults were recorded for the
smaller sample of warmbloods and ponies (sample A; figfietal 73.13% vs. leftaterd 26.87%;

chiz=14.3, p<0.0001Results of sample C are considered under section 5.3.4.
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Figurel7: Thedistribution oflateral displacement of the hindquartets the left or right(%) within
different warmblood breedssample Ball p<0.05)

Proportion of horses (%)

Sample B included a variety of different warmblood and pony breeds. Investigating breeds with at
least 100 individuals in sample B, horséth their hindquarters displaced to the left represented 15
¢cmd: 2F (KS 0 NBSRy (Rigareddy In &R degds, individuals with their
hindquarters displaced to the rightewe more common (p = 0.006, Figure).

For the majority of coat colourgbout 7580% of thehorsesof sample Bhad their hindquarters
displaced to the right (p8.0001, Figure 18A lateral displacement of the hindquarters to the left
was most often seen in dun (58%) horskewever, numbers were low (n=25) and laterality was

equally distributed (p >05, Figure 18).
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Figurel8: The latral displacement of the hindquarters (%) within coat colosesy(ple Bdun: n=25,
p>0.05, all other colours: p<0.0001)

5.3.4 The lateral displacement of the hindquarters in Thoroughbreds determined in

situ compared to results obtained during video alyais

When evaluatedrom behind in situ(i.e. on the racetrackprior to the actual race)more (n=54)
horses had their hindquarters displaced to the right than to the left (n=13, chi2=25, p<0.€adple

O. During video analysisf the same sample ofdrses racing on a clockwise traels horses were
categorized as rigHtateral, 15 horses as lefateral, while 7 horses showed lateiddviations of their
hindquarters in both directions (chi2=15, p=0.001). During their approach to the finish linesgésho
galloped on the left lead, while 18 horses galloped on the right lead (chi2=130, p<0.0001). A total of
11 horses changed their lead, however, the direction of lead change was equally distributed to the
left and right (p>0.05).
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B Agreement
Disagreement

Figure 19: Proportion of agreement and disagreement between classification of laterality by
assessment of lateral displacement of the hindquarters of Thoroughbreds at the racetrack in situ
versus during video analysisraces proportion of horses irfo,SampleC,p=0.0001)

B Right-displacement
Left-displacement
both directions

Figure20: The lateral displacement of the hindquarters during video analysis for horses assessed as
right-biased (left chart) and as leffiased (rightchart) based on the lateral displacement of their
hindquartersat the racetrack initu (proportion of horses in %,asnple Cp=0.0001).

There was no influence of the lateral displacement of the hindquarters assessed with either method
on the lead or a lead change (p>0.05). In a total of 14 horses |ayedadi not agree betweenideo
analysis and the observation in sitw could not be clearly determined during video analyaisotal

of 79% of horses showed the same direction of laterafitgitu and during video analygis=0.0001
Figure19). Of all torses determined as rigHateral in sity 81.5%showed agreement of results
obtained during video analysisin all horses determinedas leftlateral, only 69.3%showed

agreement of results (p=0.001) (Figuz8).
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5.3.5 The lateral displacement of the hotguarters assessed during video analysis

compared to the preferred lead

The majority of horse¢Sample Dwas categorized as either righdteral (n=778)or ambidextrous
(n=661; leftlateral: n=383) based on the lateral displacement of their hindquarteising video

analysis ofnultiple flat races(chi?=518, p<0.0001).

80

70 |

30
20
10

0

right inconsistent

S

S

Proportion of horses (%)

Figure21: The lateral displacement of the hindquarters (black bars) and the preferred lead (grey
bars) during clockwise raceSgmpleD, video analysisall p<0.0001)).

70

60
20
40
30
20
L

10

0

right inconsistent

Proportion of horses (%)

Figure22: The lateral displacement of the hindquarters (black bars) and the preferred lead (grey
bars) during counteclockwiseraces yideo analysisall p<0.0001).
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When racing in a clockwise direction, most horses tzalr hindquarters displaced to the right
(43.4%), while the other horses showed either a-tifiplacement (29.5%) or inconsistency (27.1%,
chiz= 119, p<0.0001, FiguBd). The majority of horses preferred the left (outside) lead (71.2%) or
showed inconstency (15.6%) instead of performing in the right (inside) lead (13.2%, chi?=2418,
p<0.0001, Figurel). In counterclockwise races, the majority of horses had their hindquarters
displaced to the right (60.1%). More horses showed adiplacement (23%fhan inconsistency
(16.9%, chi2=189, p<0.0001, Figa®. Most horses preferred the right (outside) lead (65.5%), while
the other horses mostly preferred the left (inside) lead (19.4%). A smaller proportion of horses
showed inconsistency in this racingettion (15.1%, chi?>=1610, p<0.0001, Fige@e

A total 0f99% ofhorses that were determined asther right-lateral (Figure 23pr left-lateral (Figure
24) based on the lateral displacement of their hindquarters during multiple races in both dinsctio
actuallyhad their hindquarters displaced to the left and righiring all observedclockwise races

respectively (p<0.000Q1

Left-displacement
B Right-displacement

< Inconsistent/both
Sides

Figure23: The lateral displacement of the hindquarters during clockwise races in horses detdrmine
as rightlateral based on the lateral displacement of their hindquarters overall duriry races
(Sample Dproportion of horses ir6, p<0.0001)
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Left-displacement
B Right-displacement

< Inconsistent/both
sides

Figure24: The lateral displacement of the hindquarters during clockwise racésrses determined
as leftlateral based on the lateral displacement of their hindquarters overall durirg races
(Sample Dproportion of horses i, p<0.0001)

In a countefclockwise direction, % ofright-lateral horses (Figure 2and $% ofleft-lateral horses
(Figure 26)had their hindquartersdisplaced to the left or right during all racesgspectively
(p<0.000). In both directiondeft-lateral horseghat switchedthe position of their hindquarters in
one race,had their hindquarters digaced to the right only (#%, Figures 24 & 26) and never
showed inconsistency (i.e. switching direction multiple times during one rdeejontrast, ight-
lateral horses were more likely to switch to the left (€R66) than to show inconsistent lateral

dispacement (0.41%, Figures 23 & 25)
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Left-displacement
m Right-displacement

“ inconsistent/both
sides

Figure 25: The lateral displacement of the hindquarters during cowteickwise races in horses
determined as rightateral based on the lateral displacement of their hindquarters overatirin2-6
races(proportion of horses irfo, p<0.0001)

Left-displacement
m Right-displacement

“ inconsistent/bath
Sides

Figure 26: The lateral displacement of the hindquarters during courtierckwise races in horses
determined as leflateral based on the lateral displacement of theindguarters overall during-B
races(proportion of horsesin %, p<0.0001)
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Ambidextroushorses (inconsistent lateral displacement in one or both directions) mostly switched
between a lateral displacemeno the left and right (64%) or preferred either theft (22%) or the
right (15%, p<0.0001) during clockwise races (Figurele?j. During counteclockwise races the
majority of ambidextrous horses had their hindquarters displaced to the right (44%), showed
inconsistent lateral displacement (38%) or spdacement to the left (18%, p<0.0001, Figure 27
right).

Figure27: The lateral displacement of tHeindquarters during clockwise (left) and countdockwise
races (right) in horses determined as ambidextrdagsed on the lateral displacement of their
hindquarters overall during-B racegSample Dproportion of horses irf,p<0.0001)

\

Left-displacement
B Right-displacement
4 inconsistent/baoth sides

The direction of the horses laterality was weakly related to the preferred lead in a clockwise and a
counter-clockwise directionboth r=0.2, p<0.0001). In a clockwise direction, the majority of horses
preferred the outside (left) lead, regardless of their directiohlaterality (leftlateral 84%, right
lateral 72%, ambidextrous 66%, p€001, Figure 28). A lestrong preferencdor the outside (right)

lead wasshownin a counter-clockwise direction (leftateral 49%, rightateral 75%, ambidextrous
62%, p<@O001, Figure 29). Thairection of lead changes during races in either direction was not
AAIAYATFAON Yyt & shedlity{psdos)ii2 GKS K2NESQ
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Figure28: The preferred lead during clockwis&ces in relation to lateralithpased on the lateral
displacement of their hindquarters overall duringgZaceqSample D%, p<0.0001)
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Figure29: Thepreferred lead during counteclockwise races in relation to lateraliyvased on the
lateral displacement of their hindquarters overall during 2acegSample D%, p<0.0001)

In races on a clockwise track, the preferred lead wasakly relatedto the direction of the
hindquarters (r=0.26, p<0.0001). Horses that had their hindquarters displaced to therkdffrred
the left (outside) lead (34%), where&®rses that had their hindquarters displaced to the right
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preferred the right(inside) lead (62%). Horses with inconsistent hindquarters mostly showed no

preference (62%) or preferred the left (outside) lead (29%,Q@B@L, Figure 30).

70
m left (outside) I

m right (inside)
Inconsistent/bath

20

Proporfion of horses in %
&

10

Left-displacement Right-displacement Inconsistent

Figure30: The preferred lead during clockwise races in relatiorhi lateral displacement of the
hindquarters SGample D%, p<0.0001)

In races on a countezlockwise track, the preferred lead was related to the direction of the
hindquarters (r=0.37, p<0.0001). Horses that had their hindquarters displaced to the dédtred

the left (inside) lead (55%), where&orses with their hindquarters displaced to the righéferred

the right (outside)ead (72%). Horses with inconsistent hindquarters showed no preference (49%) or
preferred the right (outsidglead (34%, p<0001, Figure 31).
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Figure31: The preferred lead during count@tockwise races in relation to the lateral displacement
of the hindquarters $ample D%, p<0.0001)

5.3.6 The preferred forelimb during grazingn 30 second vs. 6Gecond scan

sampling

2,9

]

1,5
0,5
W 30 second interval
m 60 second intenal
_D,5 ‘ ‘ ‘
-1
-1,5
-2

Figure32: Leg preference of individual warmblood horses with 30 second (black) and 60 second
intervals (greysample A, p<0.0001fach pair of bars resembles one individual holkegative
values resembla preference of the left forelimb.
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[
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In a 30 second scan sampliofjsample A, elevewarmbloodhorses(sample Atended towards leg
preference (value +# 1-1.96). Significant {zalue >+/1.96) leg preference was detected in 6 horses.
Results changed csiderably with the 60 second sampling: Osfvenhorses tended towards and

five horses displayed significant leg preference. For the individual horses, the associated significance
levels remained, increased or decreased between both samplgsnever chaged direction
(p<0.0M1, Figire 32). Significant agreement with results from other laterality test methods could

only be detected for the results of the 60 second sampling.

W no laterality
m tendency left
| tendency right
left-lateral
= right-lateral

Figure33: Leg preferencepfoportion of horses irfo)during 30 second intervals in Thoroughbred
stallions (left p=0.01% and Thoroughbred mares (right>0.05 of sample E

In a 30 second scan sampling only, 5@%he Thoroughbred stallions (n=24; Sample E) showed a
preference of one forelimb {zalue >+/1.96; 33.3% left, 25% right, p=0.0Figure33). Some tended

to prefer their left forelimb, while a tendency towards a rigtreference could not be documented

in stallions In contrast,even though a tendency towards or preference of either forelimbswa
documented in Thoroughbred marethe majority of Thoroughbred mares (n=37) showed no

significant preference (57%, p>0.05,F&33).

With both sampling intervals, the majority of horses showed no leg preference (30 second interval:
49.1%, chi2=28; 66econd interval: 42.6%, chi2=30; all p<0.0001). Most lateralized horses preferred
their left foreleg (30 second interval: 34%; 60 second interval: 33.3%, p<0.0001). Direction and

degree of laterality remained constant in most cases between both samplienydts
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5.3.7 The preferred forelimb during grazing and the preferred eye

During frontal approach with objectpreferred eyefor investigation of a plastic bag, toy and ball),
most horses(sample EXid not prefer any eye (888% for the individual obfts). Except for one
horse, only left sensory bias was detected (n=9).-kpét preference was observed only in horses

with a leftleg (n=4, p=0.005) or no preference (n=6, p=0.@®INg 60 second scan sampling

~

5.3.8 The preferred forelimb during 4 I Ay3 FyR (KS NARSNRA
K2ZNBRSQa tFGSNItAaGe

The majority of varmbloods(sample A, n=21yvere assessed as rigidateral by their riders (n=11
p=0.02) and did not slow a significant leg preferenc&ome, however, tended to prefer theefl
(n=2) or right leg (n=1,~zalue +f 1-1.96). Lefiateral horses tended to (n=1) or significantly
preferred their left leg (n=1) or showed no preference (M6bsecond interval, p=0.018, FigLg4).

70

60
3
o W no preference
- m |eft tendency
< ® |eft preference
5 30 right tendency
v .
g 20 right preference
o

10

D L_ —_ — . T - - -

Left-lateral Right-lateral Unridden

Figure341 2 NA S QBEINBEFESNBEY OS RdzZNAYy3a INITAYy3I Ay NBtFiGAZ2Y
sample A, n=21p=0.018)
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Most ridden horseqsample A, n=21with their hindquarters displaced to the right (n=14) were
classified as rigHtteral by their riders In some cases (n=2) however, horses with a fight
displacement of their hindquarter were described as-laferal. Riders classified all horses witteir
hindquarters displaced to the left (n=7) as Hteral (p=0.003, Fige 35). Horses perceived as right

lateral by their riders had their hindquarters displaced to the right exclusively.

20 B Left-displacement
Right-displacement

20 I

Proportion of horses (%)

10

0 I'I = -

Left-lateral Right-lateral Unridden

Fgure 35: The direction of thdateral displacement of tHe hindquarters inhorses assessed as either
right- or left-lateral by their riders and horses with unknown laterality during riding (unriddét)
sample A, n=21p=0.003)

5310 WA RSNR& FFaasSaayYSyid DmpaedkiSreilNfenKiendBidS Qa f

the lateral displacement of the hindquarters

For the sample of 12 horsegth rein tension analysiésample A)no relation between rein tension

and the results ofhe preferred forelimb during grazing (both intervals) or eatiram a bucket, eye

preference and the angle of lateral displacement of the hindquarters veamd (all p>0.0b

38 YYSONRO NBAY (Syairzy LI GGSNya 6SNB NBfIGSR

(p=0.019. Inthis smaller sample of horsessted withrein tensioni KS NA RS NInadthe 3 8 Saay

K2NARSQa fF dSNFf RAa Livéredsiynifitantly reRut@d tab KpS0.08FAgyTdR3p dzI NI S NE
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The majority (75%) of horses wetight-lateral with their hindquartersdisplaced to theight. All left-
lateral horses (16.7%) had their hindquarters displaced told#fe Mixed results were obtained for
8.3% of horses, which had their hindquarters displaced to the right, but were assessedlatetaft

by their riders (Figre 36).

80 left-lateral
70 m right-lateral
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Figure36:¢ KS NBf I A2y aKALI 2F NARSNRQ [aasSaayvySyid 27F 1+
lateral displacement of the hindquarters (3ample A, n=124=0.007.

Rein tension tended to be higher in horses with their hindquartespldced to the left (18.5F 4.6 N

vs. 9.77 £ 2.3 N, p = 0.07Asymmetry of rein tension patterns seemed to be influenced by laterality
of both, horses and riders. Riders applied higher mean rein tension with their dominant, right hand
(14.2° 1.5 Nrighhandvs.13° 1.5 N left hand, p=0.044igire 37). Mean rein tension applied to

the left-lateral horses was higher than in riglateral horses (mean of both reins: 17.6 £ 2.5 N4.L

9.5+ 1.5 N RL, p=0.02, Fig8e.
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Figure37: Mean rein tension (N) of the left and right reRRiders applied higher mean rein tension
with their dominant, right hand (p=0.044).
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reins was higher in lefateral horses{=0.02).
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The difference between tensioim the left and right rein was higher when riding in direction of the
NA RNddminant handcounterclockwise) with all horse® = 0.02, Figure 39Rein tension was
more stable when riding in the direction of théA R GohiRant hand(clockwise)(Mean standard
deviation as mindicatorof stability,p<0.0001 Figure 40)Themean difference of left and righrein
tension as a measure of quantitatigymmetry correlated with mean tension (r=0.§<0.05) and

standard deviation (r=0.65, p<0.05).

6

5
5
= 4
=
s 3
2
&
c 2
%

1

0

) -
& <
e e e ha
o oF o \o”
A\ e A =)
2 o 2 nk
Ga i et o
W\"ﬁ"i" d & o
\F o ?}_c_? 22
‘@@ x*’—'f‘é‘
9 @

Figure39: The difference of mean tension between left and right rein (N) in clockwise and ceunter
clockwise directions in relatiom® 2 NJate@ldy Gample A, n=12)=0.02).
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Figure40: Mean dandarddeviation (SD) of rein tension (N) as an indicator for the stability of rein
contact during riding clockwise vs. countdockwise $gample A, n=12)<0.0001)

5.4 Discussion

A variety of different tests has been used to determike2 NHafefality Murphy et al. 2005,
McGreevy & Rogers 2005, Murphy & Arkins 2008, Van Heel et al. 2006, Williams & Norris 2007,
Larose et al. 2006 Results have varied between tBtudies. Significantly lateralized behaviour was
found with most methods. However, results varied for the main direction of lateraitgGreevy &
Rogers 2005Williams & Norris 2007and between different breeddVcGreevy & Thomson 2006,
Osterholz 201p In some studies a small number of up to three test methods have been compared
(Murphy et al. 2005, Van Heel et al. 20p6but not all relations between test methods have been
evaluated yet. Especially, with sensory and motor laterality, results variededatibnships between
parameters of the two different domains could not be proven in all samples (Larose et al.[206,
Boyer Des Rochext al. 2008, Carey & Hutchinson 2013). Strong motor laterality does not seem to
increase sensory laterality (Carey &tehinson 2013). No test method had been tested for its

relation and agreement with laterality assessed during riding so far.

Laterality is proven to vary between horses of different age groups and changes from one preference
to the other during maturationhave been observed (Podhajsky 1968;Greevy & Rogers 2005,
McGreevy & Thomson 2006, Van Hethl. 2006). Therefore a large sample containing horses of all
ages was chosen. The majority of horses in sample Bodishow any leg preferencewhich is met
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likely due to the fact thait consisted of mostly young horseghe majority of horsetn sample A
were not ridden, mainly due to young age. The sample of ridden horses for the collection of rein
tension data contained all age groups from young ho(gegears) that have been trained for several
years up to senior horseg3 years). With neither sampéerelation of age to any laterality method or

rein tension could be identified.

For some studies with smaller sample sizes laterality seemed to bedbiassex Murphy et al.
(2005. However, in the current study, this was found for only one test method exclusively in a
smaller sample of Thoroughbreds (sample E). Similar to the resudtamgile Emale horses of other
sample populations exhibited mostlgft-biased behaviour, in contrast to female horses which were
reported to show a bias to the right most often (Murphy et al. 2005). The present results of sample E
differs from previous reports for female horses, which in the actual sample showed nmastly
laterality or a leftbias. This could be either due to young age, theléds in the total population of

the breed or possibly due to thdirection of laterality of their parents. The sire of most young
horses, as well as some of thamsshowed a lefbias throughout all test methods. In humans, left
handed parents, especially females, are moreljikto have a lefhanded child Annett 1978,
McManus 198% However, the mechanism behind the inheritance of defindedness remains
unclear Annett 1978, McManus 1985, McKeever 2004, Ocklenburg et al. 2@hd) environmental
factors most likely play a role as wellofes & Martin 2008) In horses, a genetically
predetermination might be possible that appears and increases with age and might also be
influenced by environmental factors (Murphy et al. 2005). The fact that the occurrence and direction
of laterality of the parents did not significantly relate to their offspng f | it SiNkaimpla) &
rejects a theory of either genetics or environmentallueinces being the single trigger for laterality.

A possible explanation for breed differences of lateralized behaviour was suggested to be training

and selection of horses for different purposes (McGreevy & Thomson 2006).

5.4.1 The direction of manend facial hair whorls

Probably due to the sma&lft sample sizecompared to the sample in chapter 2, a relation of the
RANBOGAZ2Y 2F YIyS (2 GKS N R Sonl@riotbedacanseatédvithe/ G 2 F
warmbloods of sample .AMost Thorouglbreds in sample Earried their mane on the right side,

which according to the results dhe investigation in chapter 4night be a possible indicator of

laterality during riding However, the results of any other method to determine laterality showed a

bias to the opposite side in this sample.
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In previous research, elation of laterality during riding and the direction of facial hair whids
been documented Elworthy 2004, Murphy & Arkins 2008, Shivley et al. 206 ather studies,
however,thesemethods did not agre¢Pywell 200%. Inthe present study the direction of facial hair
whorls was randomly distributed and did not match wilte results of any other method neither in
warmbloods nor in Thoroughbred®©ne could argue that the sample ofiden horses with known
laterality as assessed by their ridemsight have been quite smalHowever, other methods such as

the lateral displacement of the hindquarters differed from a normal distribution without significant
relation to lateralityduring ridng throughout all comparisong-urthermore, even the rather small
sample of horses displayed a clear side bias that could be documented with several other methods
such as rein tension and to some extent the lateral displacement of the hindquarteescarelation

of a flighty temperament with the position of facial hair whorls has been reported for horses and
cattle too (Grandinet al. 1995, Laroseet al. 2006, Austin & Rogers 20Q0%Goreckaet al. 2007).
However, hair whorl position did not always delivegliable results during thesesaessments
(Grandinet al. 1995 Olmos & Turner 20Q8which might explain why results did not correlate in the

present study either.

5.4.2 Visual laterality (Preferred eye for investigation)

Visual laterality was not relad to any other method applied in the present studyoung
Thoroughbreds of samplevizere more likely to show aiéised reaction during investigation of a ball.

If a biased reaction was found, the left eye was used almost exclusively. Breeds such as
Thorowhbreds have been identified to be more emotionally reactive and feaMaldér & Price
1980, Hausbergest al.1998 Lloydet al. 2008, Laroset al. 2006). The use of the left eye correlates
with negative emotionsabout novel objects or objects that arassociated with fearful situations
(Austin & Rogers 2007, Larostkal. 2006, de Boyer des Rochetsal. 2008, Osterholz 2016pince the
majority of horses irsample BEwvas younger than théorses insampleA, and Thoroughbreds might

tend towards fearful eactions more easily than warmbloods, this could explain the greater number
of left-biased reactions in th&horoughbred sampleAccounting for the fact, that the offspring of the
Thoroughbredstud has been described as brave, friendly, and curious inrgerthe number of
horses not showing a biased reaction might actually be closer to the sample of warmbloods than to

another sample of Thoroughbreds with more diverse parentage.
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5.4.3 The preferred forelimb during grazing during 30 second vs. 60 secsrah

sampling

The preferred advanced forelimb has been most commonly used to deterfifieNHafeflidy
(McGreevy & Rogers 2005, McGreevy & Thomson 2006, Wa&meth & McGreevy 201®ustin &
Rogers 2012). As a scan sampling test, 60 second interwadsblean applied in most cases. In order

to test possible variations in results with different intervals, scan sampling has been applied for 30
second intervals, thus counting every other value to receive a 60 second interval. Significant side bias
has beendetected with both intervals. In order to be able to record a decrease or increase in
preference between the two testntervals, a avalue of +/ 1 was chosen to determine a tendency
towards a certain preference. For the individual horses, the assocgtgificance levels remained,
increased or decreased between both samples but never changed direction. The majority of horses
that showed a tendency or in some cases even a significant preference in the 30 second scan did not
show any tendency or signiéint preference with the 60 second interval. Mainly horses tending to or
preferring their left foreleg showed this side bias throughout both recording intervals. This indicates
that the advanced foreleg during grazingight be more reliable in leftateral horses However, the

sample size of horses with a significant preference is rather small. Since only this afsthle 60
second intervatorrelated with the results of other methods, it is suggested that this interval should

be chosen when using this nietd to determineK 2 NJateralify.

5.4.4 The preferred forelimb during grazing and the preferred eye

Most horses did not show any biased reaction towards any of the objectsfaséite determination

of the preferred eye Two objects (ball and toy) we chosen as they were expected to be entirely
unknown or without any specific meaning to the horses. The third object (plastic bag) was chosen as
an object that might have the positive correlation of food, if familiar to the horses. This approach was
chosen according to Larose et al. (2006) atedBoyer des Roches al. (2008), who founda side bias

that was related to objects connected with positive or negative emotions and the character of the
horses. Every horse in this sample that showed a reactioimglinvestigation at all used its left eye
regardless of the object, which supports the hypothesis that more fearful characters tend to use their
left eye (Larose et al. 2006). The few horses of the present study using their left eye exclusively
preferredtheir left forelimbtoo, but this relationship may have to be validated in a larger sample of
horses with sensory laterality. A lack of lateralized behavimased on eye preferenckas been

reported by Larose et al (2006) for some horses, too. A possitpanation might be that some
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horses are not sensory biased or only show a sensory biased reaction when the object triggers a
strong emotional reactionlt seems that different types of laterality developed in horses on different
levels, so tests basednosensory laterality such as eye preference, do not seem to be useful to
conclude on motor laterality. Similar results have been reported earlieMbBreevy & Rogers

(2005) leading them to the same conclusion.

5.4.5 The preferred forelimb during grazing Y R G KS NARSNDa | aasS:
K2NBSQa tFGSNItAGe

Horses perceived as righateral during riding did not show any preferred foreldgring grazingvith

30 or 60second scan samplin@ne could argue that the purpose of the limbs during grazing is t
AdzZLLR NI GKS K2NESQa 6SAIKEG FYyR FEf2sAy3a AdG G2 N
their own balance and that of the rider during riding, thus explaining the lack of agreement between

test methods. However, with letateral horses a relatiotowards the preference of the left foreleg

exists. It seems thahe advanced foreleg during grazingght only be useful to predict laterality in

left-lateral horses.

5.4.6 The lateral displacement of the hindquarters from the median plane

Results ofthe present studyshowed that the lateral displacement of the hindquartesuld be
assessed visually when standing behind a standing or walking horse and that the direction varies
between horses.

Most of thewarmbloods, ponies and Thoroughbreldad their hindquarters displaced to the right.

This result is comparable to the observations of many experts on equitation through®genturies

(De la Guérinére733, Steinbrecht 1901, Miseler 1938limke 1985Hinnemann & van Baalen 2004,

Loch 2000, Miesneet al. 2000). Differences of the occurrence and main direction of sensory and

motor laterality between horse breeds have been documented before, using other test methods
(McGreevy & Rogers 2005, Murphy al. 2005 Van Heelet al. 2006, Larosest al. 2006, Austin &

Rogers 2007¢ KS f I SN}t RAALI I OSYSyid 2F GKS KAYRI dzt NI €
GKSANI K2NBRSQa fFOSNIfAdGE YR NBAY GSyaAazy &aedvyYyvyYSi

for the sample of Thoroughbreds.
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Comparisons afnethods applied for the different samples produced the same results, indicating that
the different methods for assessment of laterality are not related, regardless of the breed of horses.
Still, the results of the different methods might vary between hdrseeds regarding the occurrence
and directions of laterality. This further supports the theory of different levels of laterality in
individuals that developed separately and do not allow conclusions among differestoeséd on

results of one test metha.

Evaluating the lateral displacement of the hindquarters, no horse was entirely straight, therefore
every warmblood and pony breed includedtime present studycontained either rightor left-lateral
horses. These results come close to findings okottudies that revealed the majority of their
rather small samples being either leéir right-lateral. However, similar to other vertebrates, such as
gorillas Christel 1993, Christel et al. 1998cManus 2002, Vallortigara 2006lopkins et al2011,
Tahkiowo & Forrester 2013 both directions of laterality exist in horses, even though one direction o
laterality is most frequent athe population level. Furthermore, regarding the different incidence of
left-laterality in Oldenburgs bred for either dresgagr show jumpingt seems that the lateral

displacement of the hindquarters is genetically correlated to certain performance.traits

5.4.7 The lateral displacement of the hindquarters in Thoroughbreds determined in

situ compared to results obtained dumg video analysis

In order to be able to collect data from a large test group for the estimation of genetic parameters,
video analysis can be a helpful tool. However, available videos of flat races do not deliver a clear view
of all horses straight fromdhind while standing or walking. Therefore, the results of video analysis
had to be compared to those assessed while standing behind the horse for the same sample of

horses(sample Cin order to validate the adaptation of the method.

Comparing both methds revealed a significant agreement of the results for 79% of the total sample.
Agreement was higher for horses that were riggeral. However, the majority of the sample was
categorized as rigHateral during evaluation on site. For both groups, a g®nof direction ofthe

lateral displacement for the results of video analysis was recorded for some horses, indicating that
the methods might not be reliable in all cases. During video analysis some horses shiztezel
displacement to both sides, soahit was impossible to categorize them as either left or right. This
included both, horses changing the direction of displacement within the same race or between races
in two different directions Therefore, it seems necessary to compare the lateral atgphent of the

hindquarters clockwise and countefockwise, to identify ambidextrous horselSurthermore, in
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canter and galoppas an asymmetric gait{ldebrandt 1985 Falaturi 1998 the side to which the
hindquarters are displaced might likely be ideati to the lead. However, some horses displayed
both a left lead and a right lead and still showed a consistent displacement of their hindquarters to

the same side with varying angles.

In order to look at all the horses, which most of the time galloped itiose group blocking each
other from view, different shots had to be used. Most useful were the sequences right after the start
from the starting machine and right after the finish, as both shots showed the horses from straight
behind, so except for théifference in gait (gallop vs. walking or standing), no adaptations of the
method were required. Also valuable to some extent were shots of the horses from behind when
about to enter one of the bends. However, attention had to be paid to distinguish whetie
particular horse was still on a straight part of the track or bending already. Very useful, even though
adaptations of the method were required, was the shot showing the horses approaching the finish
fAYyS FNRyYy(lIffeod | SNBandqhdds injdldtioniio tReyshodiders éolbbe K 2 NE S
used in order to distinguish between letind rightdisplacement. Most videos contained a sequence

of the horses approaching the finish line in stowetion viewed from the side of the track. This shot
focussed on the first horses in a broad group and did not show every horse equally long or with good
visibility. Also, it did not prove to be useful to evaluate the lateral displacement of the hindquarters.
Still, it allowed to determine the lead when exititite last bend and when crossing the finish line or

in many cases showed the horses changing their lead.

5.4.8 The lateral displacement of the hindquarters assessed during video analysis

compared to the preferred lead

Race horses most commonly prefletsamehind limb for push off at the starting gatesavell as the
same leadfor their racing performance (Deuel & Lawrence 1987, Williams & Norris 2007). The
preferredlead has been regarded as a sign of laterality in horses. However, differences agcardin
the direction of preference can be found between racing Thoroughbreds and Quarter Horses
shorter and straight track¢Deuel & Lawrence 1987, Williams & Norris 2007). The preferred lead
shows slightly different movement patterns compared to the moeferred lead, which might be a

decisive advantage during racing (Deuel & Lawrence 1987, Williams & Norris 2007).

The majority of horses seemed to prefer the outside lead regardless of the direction of the racetrack.
The opposite has been reported befoidowever, it remains unclear whether dateeve collected at

the start or finish of the raceBjeweneret al. 1983, Deuel & Lawrence 1987, Davies 193érrey
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2001). Performance in the outside ledde. the direction of gallop in relation to the directiaf the
racetrack e.g. left lead on a clockwise trackuld meanboth that horseshave already changed their
lead due to fatigudefore the finish lineandthat using the outside lead might provide an advantage
for their performance While running on bened tracks, horses shift their body at the median plane
towards the direction of bend, thus shifting their center of mass and being forced to slow down due
to fraction (Tan & Wilson 2011 During bends longerstance phase of the inside limbs compared to
the outside limbs can be observédalaturi 1998, Chateau et al. 2013). Furthermore, horses increase
their speed with increasing the duration of their swing phase and reducing the duration of their
stance phase (Streitlein & Preuschoft 1987, Falaturi 1988)en using the inside lead (i.e. left lead

on counterclockwise track)therefore, the leading forelimb is the inside limb which assumingly
shows a longer stance phase possibly also carrying more wemghibeing restricted during its swing
phasein comparison to the leading (outside) limlwhen using the outside lead. When using the
outside lead however, the leading (outside) limb is able to elongate the swing phase without
restriction and assumingly carries less weight than the opposite limb, thus endidifgprse to pass

the bend at a faster speed.

In both right-lateral and leftlateral horsesthe majority chose thelead according to the direction
their hindquarters were displaced to, thus mainly preferring the inside lead in one direction and the
outside lead in the other direction. It seems that matching patterns of asymmetry might improve
performance. Ambidextrous horses were mostly inconsistent or showedligfilacement of their
hindquarters in a leftead in clockwise and rigidisplacement in aight-lead in counterclockwise
races, thus preferring the outsidead regardless of the direction. Laterality i.e. the overall lateral
displacement of the hindquarters was weakly related to the chosen lead. Therefore, inconsistent
lateral displacement add indicate that they are unbalanced and suffgrififom fatigue more often
than rightlateral or left-lateral horses or they adapted their hindquarters according to the respective
lead they changed toAgreement of resultfor the lateral displacement ahe hindquarters in situ
versus during video analysisas generally goodihe definition of horses being ambidextrous, if they
show deviating results in more than one rasmems to be an indicator that might be useful for future

research.

In clockwise racg most horses usetthe left lead, which was the insideadfor left-lateral horsesas
expected Bieweneret al. 1983, Deuel & Lawrence 1987, Davi€96 Barrey 200} and the outside
lead for rightlateral horses In counterclockwise races more righateral horsesused the outside
(right) lead than in clockwise races, which however matches their direction of lateraétyer
ambidextroushorses seem to use the outside leimdcounterclockwise compared to clockwise races,

indicating that they might benore similarto left-lateral than right-lateral horses. Leftateral horses

93



in contrast mainly used the inside (left) lead, thus indicating that both ambidextrous andaigkul
Thoroughbred race horses seem to be more flexible and able to adapt &aeirtd the direction of
the race track. In contrast, lefateral horses seem to be less likely to use a lead that differs from

their direction of lateral displacement.

Lead changes during racing and especially at the finish line have been reportedyasoé fatigue

and the attempt to change loading and use the muscles differently in order to keep up speed
(Williams & Norris 2007 however this study did not evaluate the position of the hindquarters. In the
present study, no significant relation of tlthange from one lead to the other and other parameters
was found. With all directions of laterality some horses, however, changed the direction of lateral
displacement of their hindquarters without a lead change being observed. It seems that fatigued
horses in the present study seeklief in changing the position of their hindquarters rather than in
changing to their nowpreferred lead, in contrast to previous finding&/ifliams & Norris 2007 Still

with video analysis of official racing videos the obation of lead changes and thus the value as an
indicator is limited. In sample E, only 50%hoises(A ®S ® (i K Ssire ahd damioii whighQ a
previous racesvere available on videojemained in their preferred left lead in a countelockwise
direction. Since in that direction the preferred lead was the inside lead which might have been
harder for the horses to remain in until the finish line, more horses either changed to their non
preferred lead or changed lead multiple timé$owever, the sample dctive race horses was rather

small and possibly biased to one side on a genetic basis, since all had the satagrkfsire.
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In contrast tothe preferred foreleg, the @placementof the hindquarters is easy to assess and
clearly visible in all horses. Slightly different approaches to determine the lateral displacement of the
hindquartersin other studiesshowed variation between the horse$ the respective samples (Lerbs

et al. 2014, Lucidi et al. 281 According to the results in the present stuthe lateral displacement

of the hindquarters seems to be a reliable indicator for laterality during riding iddegdtal horses.
Hindquartersthat deviate to the right occurred mainly in horses described as-tagktal, but also in

a small number of leftateral horses. Mixed information that fsund exclusively in leftateral horses

with their hindquarters displaced to the right, might igdte that, similar to humang3oble & Brown

2008, Rousson et al. 2009eft-lateral individuals might be ledateralized. Further investigations of
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the lateral displacement of the hindquarters according to laterality during riding and the muscular

system are required to support this hypothesis.

5410 RARRSNDa&a aasSaavySyid 2F (KSANI K2NARSQa f |

the lateral displacement of the hindquarters

In contrast to other methods to determin& 2 NHafeqldy, o/ f @ (1 KS edshdrtSoNIdes | & &
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hindquarters relate to rein tension symmetryFori KS O2 YLI NR&az2y 2F GKS NARSN
K2NRSQa fFGSNIfAGe tendianKwelliekriBderahdrsey &0 hgktterdl; 2 leBS A v
lateral) and ten righthanded riders were available, which resembles the majority of the hodes

combinations in equestrian sportsde chapter % Full insights to the rein tension patterns and
correlations of these methods including léfanded and ambidextrous rideare providedn chapter

seven.

Rider handedness showed a strong influence of the dominant hand on the rein tension and the
symmetry of the outside versus the inside rein betweerthbdirections, which has been reported in

I LINSQ@A2dza &addzReéx (22 oYdKyYy1S SG fd wnmnod ¢KS
be related to the magnitude and symmetry of rein tension. As previously reported (Kuhnke et al.

2010), higherein tension was applied to lefateral horses by their rightanded riders throughout.

A higher magnitude of rein tension was also observed in horses with a displacement of the
hindquarters to the left. According to the results of the current samplenragtry and stability of

NEAY GSyaizy aSSvya G2 o0S NBtFGSR G2 GKS YI 3Iyaiddz
side. Thus a symmetric and stable rein contact seemed to be easier to achieve with thiategit

horses that were ridden with loweY S|y NBAY GSyaiz2zy FyR GKIF{G LINBTFE
dominant hand. Riding countedockwise, their notpreferred left side that is associated with less
A8YYSONARO IyR fSaa aidlofS NBAYy GSyaazy ohderd 0§ SNy a
rein tension meet the demands of the riding literature to ride with more contact (i.e. higher tension)

on the outside rein (Steinbrecht 1901, Museler 1933, Miesner et al. 2000). In a clockwise direction,

0KS NARSNRA R2YAYI yhitengdn o ke insidejein, Bus makindN@iryteh&ddofNS A

the inside and outside rein appear almost equal in contrast to demands of the riding literature.

| 26 SOSNE aAyOS GkKaa 200dNE 2y GKS K2NBSQa R2YAY
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for the same task in both directions. On the other hand, the theories and demands of the riding

literature have been established based on the subjective agpees and impressions of the old
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riding masters (e.doe la Guérinérd733). Both handedness and laterality influence rein tension and
riders are often unaware about the magnitude and symmetry of their rein tension even on a model
horse (Stahlecker 200 Hawson et al. 2000 The demand to ride with stronger contact on the
outside rein could therefore also be based on a compensatory mechanism that has been perceived as
supportive for horseaider-communications by the riders, but is actually an unclear digma

counterproductive for horse learning.

5.5 Conclusion

5.5.1 The direction of facial hair whorland the direction of mane

The direction of facial hair whorls was randomly distributed in all samahek did not relate to

laterality during riding The drection of mane was not related to laterality during riding either.
Considering previous results, it seems that the direction of mane and the direction of facial hair
gK2NI & YAIKG FINBS gAGK az2YS K2NASQa LohaBE SNNBR

method to conclude to the results of laterality based on other test methods.

5.5.2 The lateral displacement of the hindquarters

The lateral displacement of the hindquarters did not relate to age or sex. @ming, male
Thoroughbreds were more kiely to show biased behaviour The lateral displacenm of the
hindquarters varied athe populationbasisamong breedsln warmbloods and ponieg, seems to be
geneticallycorrelated to traits such as coat colouns grades for show jumpingndthe incicence of
left-laterality in the population coulde modified through phenotypic selection of these trailk.
lateralized motor or sensory behaviour occurred in Thoroughbreds, there seemed to bebeageft
However, laterality does not seem to be influedday parental laterality, since there was no relation
between the results of the mares, stallion and their offspring in sampleCdhsidering that
ambidexterityoccurs inThoroughbred racehorseand might be beneficial for performangceelection

based on acing success seems to play a bigger role than training.

Agreement of the direction of lateral displacement of the hindquarters when assessed on track and
during video analysis was generally good. Even though video analysis did not allow accurate

classiftation of the lateral displacement of the hindquarters for some horses due to restricted
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visibility when galloping in a group, the method seems to be reasonably reliable to obtain data for a

large sample of horses.

5.5.3 The preferred lead during flatacing

In racing Thoroughbreds the preferred lead mostly agreed with the lateral displacement of their
hindquarters during racesn both directions. Overall in lefateral and right-lateral horsesthe
preferred lead agreed with the direction of lateralitpo. It seems that matching patterns of
asymmetry improve performance and might be based on the horses adapting their lead to match the
direction oftheir hindquarters.The outsiddead seems t@nable horses to pass the bends at a faster
speed Rightlateral horses seem to be superior in clockwise races, since they perform better with the
preferred inside (right) lead and benefit frotine nonpreferred outside (left) lead.dft-lateral horses

in contrast, seem to perform better in countetockwise racesStill, since the majority of races are
clockwiseand horses are traditionally trained more often in a clockwise direction,faghtal horses
might be bette trained in using the outside leathus reducing the advantage of lditeral horsesn
counterclockwise races. Ambidextrous horses seem to be closdeftdateral than right-lateral

horses however they appear to be little lateralized and able to adapt to any direction.

Horses showing inconsistent lateral displacement might either be fatiguedarmbidextrous.
Ambidextrous horsesrpferring the outsiddead regardless of thdirection ofracetrack are able to
perform more successfully thakeft-lateral horses Therefore, assessment of this parameter while
standing or moving in one direction ontyight not be sufficient to identify ambidextrous horses.
Comparison of the results in both directions seems to be more advisable to distinguish ambidextrous

horses from leftor right-lateral horses

5.5.4 The preferred forelimb

The preferred left forkeg during grazing seems to relate to the preference of the left eye and the left
side during riding. However, these relationships are not mirrored in horses preferring the right leg
during grazing. Motor laterality during grazing seems to be accurater@iogpto the direction, but

not the degree or presence of laterality. Lateralign be more accurately determined in lditeral
horses. Significance levels remained, increased or decreased between both sampling iotelagls
preferencebut never chaged direction. Only results of the 60 second scan sample were related to

other methods, therefore it is suggested that this interval should be chosen when using this method
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to determineK 2 NJa®r@lidy. Different levels of laterality even within the aea of motor laterality
seem to exist, that are not necessarily related to each other. Thus, the agreement between different
aspects of laterality in horses seems to be limited to specific measures and outcomes. Attention

should be paid to the desired imfmation when selecting methods for assessment of laterality.
555WARSNRa FaasSaavySyld 2F GKSANI K2NERSQa f I

Laterality test results obtained on the ground do not appear to predict laterality during ri@inty.

the lateral displacement of the higdarters can give a hint on the directionlaferality during riding

for many, but not alhorses. However, onlif KS NARSNEQ |aaSaayYSsygieed2 T G(KS
significantly with the laterality patterns detected in rein tensi@oth K 2 NHa®r@lidy and human
handednesshave an impact onthe magnitude and symmetry ofein tension. Horseider-
combinations with the same direction of laterality seemed to be better coordinated and showed

more stable rein contactMatching horses and riders acclimg to their laterality might be beneficial

for the stability of rein tension and thus improve training.
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6. Genetic parameters for motor laterality and  sport success in
warmbloods and Thoroughbreds

6.1 Aim
Results of chapter four and fiveditated that a possible relation df 2 NHaf@lidy and other

genetically determinedraits such as e.g. coat cologkist. This leads to the hypothesis that there is

also a genetic basis for laterality in horsapart fromii KS NA RSNID & Sl K2NEBNEY LINEF

side during ridingonly thei KS f F GSN}X f RA&LI FOSYSyd 2F (KS
tension symmetry (chapter fivelt was the only indicator tested in chapter five that is easy, reliable
and repeatable to assess on theognd for both horses with known laterality during riding and
horses with unknown laterality (i.e. horses that have not yet been ridden or e.g. racehorses that have
not been assessed by their riderdhe present study aimed to investigate the heritabiliy the
fFrdSNIt RAALX I OSYSy énd evaluatedthdliaffedée ofitte ydiregtidal oNdheS N
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6.2 Material & Method

6.2.1 Samples and test methods

The present study usedasiples B, D and E described in chapter fs@nple B consisted of 3973
warmbloods (aged 0. 20 years, 2379 male, 1594 female) that were identified and classified
according to the lateral displacement of their hindquarters during breed shows, as wettadsand
international competitions.Horses were observed either on site or during video analysis of
competitions that were available via live streams, as validated in chapter fiteS K2 NA SQa
discipline was determineds the one they mostly competd in or theone they were categorized in

08 (0GKSANJ 0NBSR I a&aXQM (AdRWLIAYSIE Db GANBORR LE 2 NIS &
dressage (n= 2166), show jumping (n=2122) and eventing (n=53). Additionally, the riding level the
horses competed atand the pedigree information, whicimcluded three paternal generations (i.e.

sire, grandsire and gre@frandsirg were obtained, resulting in a total of 16901 animals in the
pedigree The annual earnings (i.e. total earnings of the prior year) andnigegarnings (i.e. all

earnings gathered so far) were obtained from the Gerrdatabase of sport horses.

In sample D &aotal of 1822 Thoroughbred (aged 2¢ 15 years, 1003 male, 819 female) were

K2 N

Yl

Ay

identified and observed during video analysis of flat radgS K2 NESQ&a I 6 SNt AGe@
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according to the direction of the lateral displacement of their hindquarters during races in both
directions (leftlateral = 383; rightateral = 778 ambidextrous =661 or multiple races in one

direction, as validateih chapterfive.¢ KS K2 NE SQa LIS ivednmefe®al dngFarNadv | G A 2 y
generationsn=7463 horses in total) as well as their competitietated data such as their handicap

and best distancéi.e. the distance in which they achieved the highest benmof wins and placings)

the number of wins and placings total, their annual(i.e. earnings of theyear prior to laterality

observatior) and lifetime earninggi.e. all earnings in total) werebtained fromthe databaseof the

German Association fohdroughbred breeding and racing. The victory rates (wins only) and success

rates (wins and placings) were calculated according to the number of wins and placings in relation to

the number of starts recorded.

Sample E was a group of Bhoroughbred (age 000319 year$ observed at pasturdt consisted of

one Thoroughbredstud and his offspring (n=42) ovefive consecutive yearsvith the samel3
Thoroughbred brood mares, as well &sadditional unrelated Thoroughbred. Additionally, 18

horses were eitheby another stallion or out of a different mare. Laterality was classified according

to the lateral displacement of the hindquarter6. KS K2 NBR SQa LJS Rhked N&eBnalA Yy F 2 NIV
and paternal generationavere obtained from the stud farm and doublgheded withthe database

of the German Assaociation foh@roughbred breeding and racing.

6.2.2 Statisticaland geneticanalysis

Data was tested for normal distribution using -Slgjuare tests in SPSGrosstabulations of two
characteristics with B0 valueg(e.g. laterality and riding levels with their respective directions and
classes) were investigated for random distribution usingscjuare tests, phi and Cramefsin SPSS

for all samplesin addition,for each samplehe relation of laterality with thehandicap, number of

wins and placings, the victory and success rates as well as the annual and lifetime earnings was
investigated with Pearson correlationisaterality was assumed to be a linear trait, i.e. codkdor
left-lateral horses and 1 for righéateral horses. Horses that were considered ambidextrous were
coded O.Significance of fixed effects and covariables was tested with mixed (Gaussian data) or
generalized linear mixed models (binary or poisslisiributed data) using SAS 9.4. If an effeetsw
significant at the phenotypic levdl.e. competition class for warmbloodsi} was included in the
model for estimation of genetic parameter§&enetic parameterdor both sample B and D for
laterality as well as the respective traits related to spoucaess (annual and lifetime earnings

(sample B +D) and handicap, number of wins and placings as well as victory and success rates
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(sample D onlywere estimated viauni- and bivariate generalized linear mixed models using the
software DMUGMadsen and Jewms, 2006)

6.3 Results

In the voluminous sample B, which contains a great number of warmbloods and racehbeses, t
lateral displacement of the hindquarters was not significantly related to age, sex, discipline, annual
earnings and lifetime earnings (pt0.05) However, significant differences in distribution of

laterality were observed between horses of different competition levels as demonstrated below.

6.3.1 The lateral displacement of the hindquarters and its relation to competition

level in warmbbods and riding ponies
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Figure41: The hteral displacement of the hindquarters within competition levels of all disciplines
combined proportion of horses in % per competition leysample Bp=0.039).

Horses with theithindquarters displaced to the left were represented with up to 20% at German
competition levels K L for all disciplines combined. At levels M and S the displacement of the

hindquarters to the right was more common (& 719% leftdisplacement). At internationalressage
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(CDI) and show jumping (CSI) competitions (20%) and at Grand Prix level (28%) a displacement to the

left was significantly more common again (p = 0.039, Figure 41).
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Figure42: The lateral displacement of the hindquarseof dressage horses within different
competitionlevels proportion of horses irfoper competition levelsampleB,p=0.01).

Laterality of horses competing in show jumping was equally distributed within the different
competition levels (p>0.05). In dremge horses, however, left lateral horses were more common at
basic levels (competition for young horses= 24.7%, E=35.7%) and at the highest levels (CDI=28.6%,
Grand Prix=28.1%, p=0.01, Figure 42). The percentage -tditkfal horses in classes@S sheoved

large variations.

6.3.2 The lateral displacement of the hindquarters in Thoroughbreds and their
offspring

No relationship of thephenotypicoccurrence of lateralized behaviour or the direction of laterality

between the stallion and brood mares areir offspring was found (p>0.05).

6.3.3 The lateral displacement of the hindquarters and its relation to competition

level in racing Thoroughbreds
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significantly related to the lateral displacement of their hindquarters or preferred lead in either
clockwise or counteclockwise races (p>0.05).

30
25

20

Left-lateral
15 m Rightlateral
P ® Ambidextrous
1
5 ‘:i
0 1 1 I ||
0 1 2 3 4 5 3] 7 8 g

Figure43: The number of wins in relation thhe number of horses and thelaterality based on the
lateral displacement of théindquarters proportion of horses in% per number of winssample D,
p<0.0001)
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Figure44: The number of placings in relation tbe number of horses and thelaterality based on
the lateral displacement of thénindquarters proportion of horses in % per number of placings
sample Dp<0.0001)
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Figure45: The number of maximum wins and placings in relatiotaterality Gample Dp<0.0001).
Laterality washased on the lateral displacement of the hindquarters. Maximum wins and placings
were based on the horse with the highest number per direction of laterality.

Based on the lateral displacement of the hindquarters, horses classified datéztil remaine
without wins (27%) or placings (14%) more often than Fghdral horses (no wins 24%, unplaced
119%, all p<0.000Figures43 and 44). Ambidextrous horses appear to be more successful (no wins
14%, unplaced 6%, all p<0.00Flgure43 & 44). LeHaterd and rightlateral individuals had single

wins or placings more often than ambidextrous hordeigires 43 and 44The maximum number of

wins and placings was achieved by ambidextrous horses (19 wins, 36 placings) in comparison to right

lateral (16 wins34 placings) and lefateral horses (15 wins, 27 placings, p<0.0001, Figure 45).
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Figure46: The number of wins in relation to theumber of horses and thepreferred lead during
clockwiseraces proportion of horses in % partumber of wingsample Dp<0.0001)
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Figure47: The number of placings in relation to thember of horses and thepreferred lead during
clockwise racegptoportion of horses in % per number of placingampleD, p<0.0001)
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Figure 48. The number of maximum wins and placings in relation to the preferred lead during
clockwise racessmple Dp<0.0001). Maximum wins and placings were based on the horse with the
highest number per lead preference.

In clockwise races,drses that preferred the outsid@eft) (23%) or insidéright) (21%) lead remained
unplaced more often or achieved just one win (21% respectivey)pared tohorses that showed

no preference (10% unplaced, 12% one win, p<0.000Lyd-#H). The majority of horses without a
preference achieved up to 6 wins (67%, p<0.008dure46). Horses preferring the inside (45%) or
outside (43%) lead achieved mostly up to 5 wins (p<0.0001, Figure 46). Horses without a preference
were more successf 4% unplaced) and mostly achieved up to 8 placings (52%, p<0.0001, Figure
47). Horses preferring the outside lead achieved the maximum number of wins and placings

compared to horses preferring the inside lead or horses without a preference (p<0.000rk £8).

In counterclockwise races, horses with a preference for the inside (left) lead were more successful
and mostly achieved up to 6 wins (51%, p=0.022, Figure 49). However, horses that preferred the
outside (19%) or inside (20%) lead remained urgddamore often than horses that showetb
preference (7%, p=0.022, Figut8). The number of maximum wins was higher in horses preferring
the outside (right) lead or showing no preference (p=0.02, Figure 50). No significant relation of the

preferred lead ad the number of placings was found (p>0.05).
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Figure49: The number of wins in relation to the preferred lead during cowtieckwise races
(proportion of horses in % per number of wirsampleD, p=0.022)
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Figure50: The number of maximum wins in relation to the preferred lead during coucisrkwise
races sample Dp=0.02). Maximum wins were based on the horse with the highest number per lead
preference.
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6.34 Genetic parametergor the lateral displacement of the hindquarters in racing
Thoroughbreds

Heritabilities from univariate models were laterality: h2=0.19, placings: h?=0.72 and wins: h2=0.66.
Phenotypic correlation between laterality and number of wins and placings was low (all rp=0.13).
Genetic correlations, however, were high (laterality and number of wins: rg=0.82+0.19; laterality and

number of placings: rg=0.70+0.16).

6.3.5 Heritability of the lateral displacement of the hindquarters in warmblood
sport horses

Heritability for laterdity in warmbloods was high on the observed scale (h2= 0.51), but
unfortunately, no results could be obtained for annual and lifetime earnings as models did
not converge. Thus, genetic correlations between laterality and sport succsss were
unavailable fothe warmbloods.

6.4 Discussion

6.4.1 Laterality and itsphenotypicrelation to competition level in warmbloods and

riding ponies

In the current sample, a larger population of warmbloods and ponies has been investigated for their
lateral displacemenbf the hindquarters. This trait can easily and objectively be assessed in order to
determine the heritability of laterality and its relation to variables indicating sport success. Also, since

only part of the horses was assessed at the competition sitesraters were usually too busy to
FyagSNI I ljdzSadA2yylFIANBE 0SG6SSy O2YLISGAGAZ2ya GKS
not a useful method for the present study. Results of the determination of the lateral displacement

of the hindquarters oldined with video analysis are reliable and comparable to those obtained

when standing straight behind the horse on site (chapter five). Using their official sport names, all
registered horses could easdynd unambiguiouslpe identified in the German spbhorse database,

thus ensuring that no horses were entered into the study multiple times and providing access to

reliable information on lifetime and annual (i.@f the yearprior to laterality observatiopearnings.
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Most of the horses had their hindquars displaced to the righBased on the results of the survey
(chapter four) lefthanded riders had more wins and wersger-represented at higher German riding
levels (M & S) compared to rightinded riders. No relation to the direction & 2 NHafe@ldy as
assessed by the riders could be found in chapter four. Using a different test method however, the
current sample reveals a comparable relationship of-leférality in horses and their competition
level. Horses with their hindquarters displacamlthe left, even though being in the minority, were
over-represented at the highestompetition levels in dressad€DI & Grand Prix@nd in the overall
sample which contained a majority of dressage horsesontrast, the largest proportion of right
lateral dressage horses was documented at level A competitibmsnumber ofleft-lateral horses
was largeat lower levels (competitions for young horses &t&). Since lhe sample of horses
competing at lower levelsvas the largest in the present studthe chances of leftateral horses
competing at level BEre higherand even higHevel horses have to start their career at the lower
classesthough they will usually start at the A, rather than E leVelsks at higher riding levels are
more demanding wheit comes to balance and symmetry in honsger-pairs, especially in dressage
(Steinbrecht 1901Klimke 1985, Miesneet al. 2000 and horserider-pairs with matching directions

of laterality seem to achieve symmetric rein tension more easily (chapte}. fiMeerefore, one
possible reason for the variation in proportions at the different competition levels of this sample,
especially in level 4, could be that horsgder-combinations played a larger role with the majority
of riders at this level being righanded according to the overall distribution of handedness in the
human population MicKeever2004) and possibly preferring rigHateral horsesThe direction ofthe

fF SNt RAA&LX hicd§uakssdid natH2 KREBR S QS 6 A G K rilifethhe K2 NE S Q
earnings, indicating that the horsiéder-combination might be a more important factor to sport
4dz00Saa GGKIFIy GKS K2NERSQa fFOiSNrftAdGe Ff2ySo

6.4.2 The lateral displacement of the hindquarters in Thoroughbreds and their
offspring

The sample sizef this group of Thoroughbreds was too small to draw conclusions on the heritability
of laterality as such. However, due to the composition of a large number of closely related horses
(full- and haltsiblings) with information on the laterality of both gants the sample size allowed
reliable conclusions on inheritance of laterality from parents to their offsprifge sire as well as
some of the mares showed a lddtas throughout all test methods. In humans, {efinded parents,
especially females, are m® likely to have a lethanded child Annett 1978, McManus 1985
However, the mechanism behind the inheritance of tefindedness remains uncleakrinett 1978,

McManus 1985McKeever 20040cklenburg et al. 20)7@and environmental factors most likely pla
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a role as wellJones & Martin 2008 In horses, a genetical predetermination might be possible that

appears and increases with age and might also be influenced by environmental factors (Murphy et al.
2005). The fact that thgghenotypicoccurrence and dection of laterality of the parents did not
AAAYATFAOIyGte NBEFGS G2 GKSANI 2FFaLINAy3aIQa € GSNI
environmental influences being the single trigger for lateralit4. possible explanation for breed
differencesof lateralized behaviowvas suggested to be training and selection of horses for different
purposes (McGreevy & Thomson 200€)3. warmbloods being bred for dressage or Thoroughbreds

being bred for flat racing

6.4.3 The lateral displacemet of the hindquarters and its relation to competition

level in racing Thoroughbreds

In the present sample of racing Thoroughbreds, the majority of horses were-laignal or
ambidextrous. The majoritgf races and training sessionsok place in a cloakise directiontoo. A

larger number of rightateral and ambidextrous individuals in a population bred based on successful
performance mainly in a clockwise direction might indicate that these traits could be beneficial for
performance and that selectioon a phenotypidevel might have taken place, thus changing the
structure of the population.In Thoroughbreds and standardbred trotters, variables of body
symmetry e.g. bone lengtivere related to risk of injury Anderson et al. 1999Ramzan & Palmer
2017 as well as racing succegn{ith et al. 2006, Leleu et al. 2Q0B previous studied.aterality as

an indicator of performance symmetry as well as the outside lead during races in both directions was
related to racing success in the present study. Amkickeis and righfateral horses were more
successful overall. Horses preferring the right lead couoleckwise or the left lead clockwise
showed the highest number of wins and placings. In clockwise races the majority of horses without a
specific preferace were more successful than horses preferring either lead. In cowtdekwise

races however, the majority of horses preferring the left (inside) lead performed more successfully
Even though no direct influence of the direction of laterality on thegpagters of success was found,

the preferred lead in relation to the direction of racetrack therefore seems to be a decisive matter

too.
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6.4.4 Genetic parameters forthe lateral displacement of the hindquarters in

Thoroughbredsand its relation to sportsuccess

Phenotypic correlation between laterality based on the lateral displacement of the hindquarters and
the number of wins and placings was low and parameters of success did not directly relate to
laterality or the preferred leadHowevergenetic corelations in the sample of racing Thoroughbreds
were high.A high genetic correlatiorsuggests that laterality might be useful as an indicator for
genetic merit for racing succes#n the present sample it appearthat horses with a right
displacement mighbe genetically more prone tfinish a larger number of races at the first to fourth
place However, when interpreting the results, the relatively low sample size for estimation of
genetic parameters needs to be kept in mind, which might &xpthe high leritability for placings

and wins.Several genetic models have been suggested to explain and predict the inheritance of left
handednessn humans and other speci¢dnnett 1978, McManus 198B/cKeever 2004Dragovicet

al. 2008, Ocklenburg et al. 201l However, the genetics behind laterality might bmore complex
(Armour et al. 2014) and a laterality geae suchmight not exist after all (Ocklenburg et al. 2017).
Lateralized behaviourseem to be diverse, even within the same individual filentical task
(Christel 1993) suggesting that laterality migiatinfluenced by more than just genetic factors (Jones
& Martin 2008) and distinct lateralized behaviour might not be beneficial for all aspects of life

(Christel 1993).

6.4.5 Heritability of the lateraldisplacement of the hindquarters in warmblood
sport horses

Information on the number of starts per year was not available, so a reliable success rate could not
be determined for this sample. Since the pedigree included only theg¢ernalgenerations, geetic
connectedness between individuals was limited. This may have contributed to the fairly high values
for heritability as well as tthe convergence problems with the analysis of success data. Should this
value proof to be a reliable estimate, it woulddicate that selection against laterality could be
successful. Future investigations should look into this aspect and the relationships to sport success at

the genetic level.
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6.5 Conclusion

6.5.1 Competition results in warmbloods and ponies

Similar b the proportion of leftlateral humans in several types of competits, dressage horses
with their hindquarters displaced to the leftrere over represented at the highest competition
levels Considering the fact that the direction of laterality variesh@ng different horse breeds and
Ffa2 6A0GK NBIFNR (2 GKS ONBSRQ&a YIAYy RAAOALIX A\
competition levels seems advisab#ill, the horserider combination seems to be more important to

sport success thanthedigei A 2y 2F GKS K2NERSQa fIFGSNIftAGe | & ad:

6.5.2 Competition results in Thoroughbreds

Laterality based on the lateral displacement of the hindquarters, as an indicator of performance
symmetry as well as the outside lead during races in both directionselatgd to racing success. In

a population bred for and selected according to performance in mostly clockwise races, a shift
towards a higher percentage of rigleteral and especially ambidextrous horses seems to have taken

place.

6.5.3 Influence of @mrental behaviour

Even though one sample of the present study consisted of mosthofulialf siblings, there was no
relation between the results of the mares, stallion and their offspring. Therefore, laterality does not
seem to be influenced by paresdtbehaviour.

6.5.4 Heritability of laterality in Thoroughbredsand warmbloods

Laterality might be useful as an indicator for genetic merit for racing sucebsses with a right
displacement might be genetically more prone to obtain a larger numbewing and placings.
Especially in warmbloods, laterality seems to be highly heritable, and the phenotypic analysis
suggests a link to sport performandeuture analyses should investigate different trait definitions
and assumptions of genetic architectuseich as, for example, consideridgferent thresholds for

the binary or threelevel traittrait (e.g., ambidextrous vs. either right or left lateral).
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7. The magnitude and symmetry o f rein tension in conventional
European and Western riding in relation to la terality of horses and
riders

7.1  Aim

Asymmetric rein tension has repeatedly been documented (Herde 2005, Wamdth et al. 2007,

Kuhnke et al. 2010, Hawson et al. 20E@sersio et al. 201Eisersio et al. 2013aResults revealed a

possible influence dboth human handedness arfd 2 NJar@lidly on the symmetry of rein tension

in righthanded riders (Kuhnke et al. 2016jowever, tte hypothesisof a relationship between the
frGSNITtAGEe 2F K2NARSA | yR (KSAN N&kHasSwitheen entielyk NB 3 |
investigated with all combinations of horseler laterality and the mechanisms behind asymmetric

rein tension remainunclear.In chapter four, a possible relation of laterality to injuries and sport

success was documented based am online survey, which will be further examined via attestable

and direct dataTherefore, the presendtudy aimed to:

- Examine how laterality of horses and their riders affect rein tension in different riding styles
and disciplines and investigate tivéfluence of horserider-laterality on communication and
training (7.3).

- Investigate the influence of horserider-laterality on sport success, risk of injury and the
K2NBRSQa Ydzar@dz | NJ a2adsSy o

- Identify other factors that might influence rein tensiosymmetry and performance in horse
rider combinations.5)

- Investigate the influence of different equipment used for communication and different ways

of rein handling on rein tension parametera )

7.1.1 Hypothesis

¢KS NARSNRA KIJyRSRKSHAESOA ©60 SidadcBnmnudication/ FstwditSy OS K
as sport succesand the incidence of injuriedHorserider combinations with matching directions of

laterality are hypothesizedo exhibit moresymmetricrein tension patterns
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7.2 Materials and Methods:

7.2.1 Handedness test

Sixtyfive riders (female n=59, mals n=6) aged 10- 63 years from different yards throughout
Germany took part in the study. Ridesgre askedo fill out a questionnaire containing a modified
version of thedEdinbugh Handedness Inventarywhich was adopted from Westerhausest al.
(2003 (Appendix 13.2). The handedness tesincluded three additional questions about the
preferred hand for writing, hammering and unscrewing a botlteconsisted of ten questions vtit
five possible answers each. The maximum points were +20 -frgtded) and-20 (lefthanded)
respectively. The participating riders were rigtgnded §coring from+ 20to + 7in the handedness
test; n= 49), ambidextrouss¢oring from+1to -1; n=2) andeft-handed §coring from-6 to -20; n=
11). Three additional participants with inconsistent handedness, who identified themselves as being
left-handed §coring+14, +13and +7) were categorized as ldfianders.Additional questions about
0 KSANJ K z2heiBo®rding: hgiliRs, injuries and sport successes and the equipthebtwas

used were added in order to be able to describe and compare the sample of participants.

7.2.2 Laterality test methods

Eightyeight horses (47 male, 41 female) aged23 yearstook part In the present studyK 2 N&R S Q&
laterality was classified by their owndrased on their performance in several taskith a
guestionnaire Whilst 12 horses were perceived as performing equally well in both directions, 35
horses were considetkas leftbiased and 41 horses as righisedby their riders Additionally,the

lateral displacement of thdindquartersfrom the median plane while standing was evaluated for

each horse (leftisplacemenn=48, rightdisplacemenn=40).

7.2.3 Horserider combinations

¢KS fFiSNrftAdGe 2F GKS K2NES FyR (G4KS NARSNRA Kly
combination in the sample. Lefateral horses were ridden by righn=34 rides) and lefhanded
(n=8 rides) riders. RigHateral horses wre ridden by rigt{n=40 rides) and lefhanded (=10 rides),
as well as ambidextrous riders=4 rides). Horses without a preference were ridden by Fdhtl2

rides) and lefthanded (=2 rides) riders.
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7.2.4 Riding styles and disciplines

The sample ohorses and riders resulted tD6 horserider combinations irconventionalEuropean
riding (51 rides) and Western riding (59 ride€pnventionabEuropears riding is based on the riding
theories ofEuropean riding masters (e.g. de la Guérinier83 Stenbrecht 1901) as well as riding
instructions for military purposegH.Dv. 12 1937). includes the olympil disciplines "dressage",
"show jumping" and'eventing"”, as well as horse riding in termseaofeisure activity"leisure riding")
with the equipment conventionally used for theqmirposesRiders were either active &/estern (30
riders) orconventionalEuropean ridind35 riders) riding, however, 7 riders were occasionally active
at both riding styles. Most disciplines of both riding styles weygresented in the study (Western:
Allaroundn= 21, Cuttingh= 1, Reiningh= 8; conventional European ridindressagen= 18, Show
jumpingn= 2, Leisure ridera= 14, Racing= 1). While some horses were not being ridden on a
regular basis at the time of ehstudy, others were being ridden for up to 7 hours per week. Some
horses had up to 20 different riders, the majority, however, was being ridden by one or two riders
only. A total of 49 horses was used fMestern riding (Allarounch=26, Cuttingh=6, Pleasre n=2,
Reiningn=15) and 39 horses faonventionalEuropean ridingdDressaga=22, Leisure riding=13,

Show jumpingi= 4).

7.2.5 Riding levels and sport results

Whilst 22 participants were professional riders, who had made at least part of thieig likrough
competition, training horses and teaching riders, 42 riders were amateurs and one rider was at
beginner level. The riders had three month4 years of experience with riding. Some amateur riders
did not ride at all at the time of the study, \ile some professional riders rode up to 70 hours per
week.Due to the different riding styles, a variety of ridirand competition levels were stated in the
guestionnaire. Riding levels contained the levelsnEl4), A (=7), L 6=7), M ©=3), S f=5) in
conventional Europeamiding YR (0 KS  S@ & > d oaDIMayRyOSNE $hEal, S dzZNE 0
G RO yh@lQuRE o/ R G LINPAF &S ScdbasBsged byéthe diders in Western riding. The
levels of both riding styles were combined into one system éofish y 3 2F ™M G0 S3IAYyYy SNI
GolaArde tS@GStI HT Gl ROl y O erilesthtigtiBal canppariGonNEIEIS & 4 A 2 Y |
skill level across disciplinehirtythree participants stated that they compete at horse shows in
their disciplineat least occasionally, whilst the other participants do not compete at all. To improve
comparison, the competitions were split up according to the system of Western Horse Shows,
dividing the sample inté Y| G S dzNE 6 A & Spivfeddional dide!S aly; 20 yI2WR G 2 LIS Y
(i.e. both, professional and neprofessional riders competingn=19) at national 1{=18) and
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international level §=15). Twentyfive participants were active imther sportsin addition to riding

The current riding levels inonventbnal European ridingand Western riding as assessed by their

riders conventionalEuropean ridingEn=13, An=7, Ln=8, Mn=4, Sn[ p T 2 S& G SMNJ7Y a0 & A
Gl Y Gnf deBE & I Rl oy>SO SOREdzE T @ T (1 B2 A K § R 6r®) derdicondbingd Nifo S R ¢

2yS a2aGSYy O2yaradAy3da 2F p K2NmRSa (GKFd KFER aGadzal
GFr Ry OSRe¢ YR y a7 drhifigdoimprine dtafisfidalécomigaisad Shardiine (i K dza
horses compete at horse shows in their disciplihéeast occasionally, whilst the other horses do not

compete at all. To improve comparison, the competitions were split up according to the system of
2SaG0SNY 1 2NBRS {K2gaX RAGARAY3I {KS-préfdssiondt rilersh y (12 &
only;n=mMT 0 YR G2LISYyé¢ 0A DS D-professioa rideNBFRBIGRD wtl £ | YR

national §=25) and international levehE12).

7.2.6 Previous injuries

A total of 8 participants stated to have sustained an injury of their hand, arm or shouldgorre
within the last 3 years (lefti= 7, bothn= 1).In horses, dotal of 24 horses had sustained an injury of
the locomotory system within the lasty&ars (left n= 4, both n= 17, unknown n=Bje evaluation of
this sample of horses and riders aims &rify results obtained via the online questionnaire (chapter

four).

7.2.7 Horse breeds

Horseswere considered as either a breed mainly usedstern riding (6 Paint Horses, 34 Quarter
Horses, 1 Appaloosa) or faonventionalEuropean riding27 Warmbbods, 4 Haflinger, 3 PRE, 2
Freibergerl Friesian, 1 Knabstrupy as horses of mixed breeds Ponies]1 Standardbred Trotter, 1

Arabian) Stillsomehorses of either categoryere used for the other riding style by their owner on a

regular basis.
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7.2.8 Muscular system

Figure5:h @3SNIWASg 2F (GKS Hp NBIdz F NI GGNRAIISNI LI2AY (¢
locations (red dots) used for evaluation

A total of 28 musclétrigger pointg were assessed bilaterally. Tohosendtrigger pointg (irritable

areas of the musculotendinous junction at the origin of the musealeje the 25 locations most
commonly used by Jack Meaghédditionally,three different locations on the M. masset&rere

tested, which might be tensed ppwhen horses clench their mouths or grind their teeth doe
inappropriate bit pressurdMeagher 1985, Teslau 2008 ppendix 13.1.3Figue 51). Thedtrigger
pointst were categorized according to the reaction to manual pressure (reaction le3elbere0=

no reaction and 3= strong avoidance reactiomB6 horsesAdditionally, the magnitude of pressure
necessary to evoke a twitch reaction was measured usingigometer (Wagner Instruments, USA).
Due to technical failure, onl§0 horsescould be assessewith this device The sum, mean, standard
deviation and difference between mean reaction level of each side was evaluated, as well as the

difference between left and right reaction level for each trigger point individually.
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7.2.9 Familiarity of horserider combinations

Most riders took part on horses, which they ride on a regular basis (82 fniclesecombinations),

however, some riders participatievith an unfamiliar horse (24 horg@éer combinations).

7210WARSNRA AYLINBaaA2mony2F¥ a@8YYSUNER | yR Kl

The questionnaire contained section with questions investigating theéest ride Riders had to
describe their sessioaccording to symmetry and strength of rein contact, as well as symmetry and
harmony of the test ride as such, in order to identifigd statistically analyse handedness and its

possible influence on rein tension.

7.2.11 Equipment

Laterality and handedness in relation to rein tension was investigated separately according to the use
of snaffle bits and curbits. For 11 rides in Wegte riding (5 righthanded riders with 5 leftateral
horses, 4 rightateral horses, 2 horses without preferenaeins were heldoth bimanually and one
handed either with the preferreéhand or with each hand. Most horses were ridden wtikir usual

bits and bridles In Western riding, horses were ridden with snaffle bits, wherever possible and a
separate cavesson was used additionally, if the attachment of the recording device on the throat
latchinterfered s A 1 K G KS RS@A OS Qidce @juré 555vias groyidednyidtal, ldfsds y
wore Cavessonsn(=24), flash noseband$1£€15), drop nosebands€2), gracklenosebands (=) or

no cavesson at alh&40, Figure 52 Horses were bitted with snaffle bite#68), curb bits {=16),
mullen mouth bits 1(=1) or wore bitless bridlesnE3). Snaffle bits were either singjeinted
(conventional Europeamiding: n=16; Western:n=16, Figure 53 or doublejointed (conventional
European ridingn=18; Western:n=18, Figure 53 Curb bits were either fixed (Bit=3) or jointed
(Correctionn=5, snaffle with shanks=8, Figure 53 In order tocompare rein tension of snaffle bits

and curb bits, mean and peak rein tension were converted into the amount of pressure expected at
0KS K2NBRSQa Y2dziK o bitl &cordifgSo factalS @revioasly publ&Heif by
Preuschoft Preuschoft 1990a, b; Preuschetftal. 1999a, c; Preuschoft 2000, Herrmann 2011)
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Grackle noseband Flash noseband Drop noseband

No cavesson Western bridle with a cavesson Bitless LG bridle

Figure52: Example photos of the different types of bridles used in the presemtyqis French

cavesson resembles a bitted bridle with a noseband only, in contrast to the bitless version

OGN RAGAZ2YFEf@ dzaSR FT2N) fdzydayds gKAOK Aa O02YYSND
German: Kappzaum)).

Figure53: Example photos of the different types of snaffle bits used in the present study (left: single
jointed, middle: doublgointed, right: singlgointed used in Western riding)
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Figure54: Example photos of the different types curb bits (fixed and jointed) used for Western
riding in the present study (left to right: fixed curb bit, baby bit, snaffle with shanks, correction bit;
curb bits were used with curb chains)

7.2.12 Collection of rein tension data

Rein tension was morded continuously using the Rein Tension Device by Centaur, Netherlands
(Figures 55 and 56). The data wre sampled at a frequency of 100 Hz. The data loggerattashed

to the throat lash or the chistrap (Figure 56) with velcro strips. It was connédie the sensors with

two inserted cables. Two lightweight tension cells weomnected to the reins with a snap hook on
one end and connected to the bit with a snApok on the otherend. This construction allowed
attaching the device to different horseplickly however, the connection was flexible on two points
through the snap hooks which created instability and some reactions of unwillingness or irritation
from the horses. Irall test rides the same pair of reins was used, which was either a pair afr@90
(total length) web reins foconventional Europeanding or a pair of 245 cm (length of single rein)
leather split reins for Western riding. Dataewe collected using the Centaur Software. Datarev
transferred from the data logger to the programmethva wireless connection through the uskick

provided with the device. The Rein Tension Device was calibrated for eachriuanspair.
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Figure55 (left): The rein tension device attached to a horse for Western riding wslmigle without
a cavesson

Figure56 (right): The rein tension device attaell to a horse for convention&uropean riding using
a bridle with a cavesson

Data collection took place in indoor and outdoor arenas of variowes sitheassignmentonsisted

of 3 circleg(20¢ 30 m in diameterpnd 3 straight lineg30¢ 60 m long)n each gait (walk, rising trot,
sitting trot and canter) and each direction (clockwise and counlteckwise), as well as transitions
(canter-trot, trot-walk, walkhalt). Sessions contained both sitting and rising trot (n=28), however,
someriders felt uncomfortable or do not usually ride in both versions of trotting and therefore chose
to ride in rising(n=43)or sitting trot(n=38)only. Riders werallowed a warmup period before data
collection stated. Some riders used a fixed order of the assignns¢gtting either left or right, while
others, especially the professional riders, requested to integrate the demanded tasks into their usual
training routine In doing so, some riders added various manoeuvres toagmgnmentsuch as
transitions canteiwalk and cantehalt, as well as sliding stops, spins and backing up. Since each
horserider pair chose to ride at a speed that suited them best and the argaded in sizetotal

time of data collection for each rider varied. Each test ride was videotaped, starting with a shot at the
computer screen showing the programme recording the data in order to ensure cassgnment

of each tasko the associatedeain tension data.
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7.2.13 Statistical analysis

For each rein ireach gait and direction mean, standard deviation, maxima, minima and range of
tension were calculated, as well as the difference between the mean of the left and right rein (=
mean of leftrein ¢ mean of right rein) and the mean of the left and right rein difference (mean

difference = mean (left reig right rein); Figure 57).

Furthermore, an Excel file was used to identify the peaks of rein tension (consecutive maxima only)
for each reinthrough comparison of each data with the subsequent data for increase or decrease via
YFONRaAD® C2NJ RAAGAYIdzZAaKAYy3 | OlGdzrf NBAY GSyairzy .
mouth in contrast to the reins swinging loosely, a threshold of¥Baidentified in both riding styles

This threshold resembles the tension previously reported for saggengs (Stahlecker 2007

Preuschoft (personal communicatign)Usingthe identified peaks as a new data set, meamgan

standard deviation, the numbesf peaks left and right, the mean difference between left and right

NEAY F2NJ £t STd FyR NAIKG LISIF1az a ¢Sttt Fa GKS K

& K A Figuéke 5Y was determined Mean standard deviation served as a parameter toasuge

stability of rein contact.

Time shift between left and right peak

|

A

Force [N]

/

./ Mean diffe en&betwe

left and right'rein

Time [s]

Figure57: The mean difference of rein tension and the time shift between left and right rein tension
peaks in an example sequence
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In order to compare the rein tension of the different typesbits, rein tension was converted to the

magnitude of rein tension that would bexpectedl & (G KS K2NESQ&d Y2dziKed ! 00?2
(Preuschoft 1990b, Preuschadt al. 199% & @ rein tension was converted using different factors for
singlejointed (factor 1.4) and doublgointed snaffle bits factor 3.6), mullen mouth bitsféctor 1),

curb bits with short shankdgctor 5.9), curb bits with long shank&¢tor 8), correction bits factor

8.1) and snaffle with shankfator 9.4), as well as the bitlesLG bridleféctor 3). For this new data

set for each reinn each gait and direction mean and mean peak tension weleulated.

SAS (SAS Institute Inc., Cary, NC, USA) and SPSS (IBM, Armonk, NY, USA) were used for data analysis.
If necessary, data weregarithmized and outliers removed to achieve a Gaussian distribution. Rein
tension was analysed using a mixed model, considering gait (G), direction (D), task (T) and reins (Z2)
and their interactions as fixed effects, and rider (R), horse (H) and hailse*ais random effects.

Additional variables were consecutively added to or exchanged in the term. The model was reduced

againif a variablewas not significant. Consequently theodel wase.g.
GYStyYy NBAY (GSyairzy I w b lesbemdrfw b D b 5F¢fF¥% b T

Additionally Pearson correlations were used to compaations of different influencingactors and
rein tension wherever possible. Previous injuries in horses and riders, as well as indicators of success

wereinvestigated for normal distribiion using chidests.
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7.3 The influence of laterality of horses and their riders on rein tension
in different riding styles and disciplines

7.3.1 Results

7.3.1.1 Rein tension parameters in different gaits, transitions and manoeuvres

The manitude of mean tensiomnd mean standard deviation as well as mean peak tensiwied

between and within the different gaits and transitioifable 4, Figure 58Mean peak tension was

overall between 0.1 N and 28 higher than mean reitension (Table4, Figure 58)In contrast,
convertedmean tension (i.etension was converted into the amount of pressure expected at the
K2NARSQa Y2dziK0 ¢l a KAIKSNI (K IQyantidg aydnnetrg &f reldS | 1 ¢
tension (mean difference betweenfteand right rein tension) was highest at canter and casttet

transitions and lowest at walk (Table 4, Figure 60). Temporal asymmetry (mean time shift between

peaks of the left and right rein) was highest at canter and walk compared to sitting trotisind

trot (Table 4, Figure 61The sample consisted of 106 honséer combinations with all types of bits

(Table 4)

Table4: Rein tension parameters at different gaits, transitions and manoeuvres in both riding styles
combned

Rein tension was compared between the different gaits, transitions and manoeuvres within each
parameter. (Sample: 106 horsigler combinations with all types of bits. Mean peak tension= mean of

tension peaks only; Converted rein tension = rein tengamconverted into the amount of pressure
SELISOGSR +Fi GKS K2NBRSQa Y2dziK $gAGK GKS &LISOAFAO
by Preuschofttime shift = mean time shift between peaks of the left and right rein; Mean SD= mean
standard deiation as a measure of stdity of rein contact; N=Newton'p-values of pairwise

comparison®f effect levehre available on request
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Converted

Mean peak| Mean Converted mean Mean difference of

Horserider mean tension | peak tension

combinations |tension (N)|tension (N) | (N) (N) Time shift (sec.) | left and right rein tension (N) | Mean SD (N
Spin 8 10.5+1.4 |12+2.3 25.2+3.5 25.1+2.9 6.1+0.7 7.6x1.4
Rollback |3 11.5+#1.5 |10.1+1.2 |33.4+4.3 26.5+2.4 5.8+0.8 7.8+1.8
Rein back |23 10.1+09 9.5+0.9 25.3+3 25+2.1 5.3+0.6 7.2+1
Sliding stog 11 10.1+0.9 |10.6+1.3 |30.1+3.2 24.94+2.3 6.2+0.6 8+1.2
Canterhalt | 15 13.9+1.2 |11.7+1 31.9+3.1 28.7+2.2 6.1+0.6 8.4+1.1
Canter 6
walk 16.8+2 14.6x2.2 |24.91+3.1 31.8+3.8 5.4+0.7 8+1.5
Cantertrot | 74 141+1.1 |12.5+0.7 |35.1+2.7 32.1+1.7 7.1+0.5 9.6+0.8
Trotwalk |83 11.5+0.9 |10.7+0.7 |30.4%+2.7 26.3+1.7 5.4+0.5 7.50.9
Walkhalt |33 9.6+0.8 8.7+0.8 26.4+2.9 22.3+2 0.03+0.2 5.1+0.6 5.9+1
Canter 101 1441 12.4+0.7 |34.2+2.6 32+1.7 0.1+0.03 6.8+0.5 102+0.8
Sitting trot | 65 10.2+0.8 |10.1+0.7 |27.8x2.7 25.1+1.7 0.01+0.003 5.6+0.5 8+0.8
Rising trot | 68 9.1+0.7 8.4+0.7 23.212.6 21.3+1.7 0.01+0.003 5.2+0.5 6.2+
Walk 106 7.1+0.5 6.7+0.7 18.6+2.6 18.4+1.7 0.08+0.02 4+0.5 4.9+0.8
P <0.0001 |<0.0001 |<0.0M1 <0.0001 <0.01 <0.0001 <0.0001
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Figure58: The magnitude of rein tension (mean and mean peak tensidfeinton’, p<0.0001) during different gaits, transitions and manoeuvres in both riding
styles combinedsample: 106 horseider combinations with all types of bits, see Table'g@yalues of pairwise comparisons of effect level are available on request.
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Figure59: The magnitude of rein tension converted to the amounts of pressure expected & heN\B SQ& Y2dziK 602y @SNI SR YSIy I
Newton', p<0.0001) during different gaits, transitions and manoeuvres in both riding styles con{saregle: 106 horseéider combinations with all types of
bits, see Table 4L onverted values exceed mean values in almost every gait and manoeuvre.
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Figure60: Thesymmetry of rein tension (mean difference of left and right rein tension in Nelyiwx0.0001) during different ga, transitions and
manoeuvresn both riding styles combine@ample: 106 horseder combinations with all types of bits, see Table 4).
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Figure61: Time shift (seconds, p0.01) between peaks of the left and right relaring different gaits
and transitiondn both riding styles combine@ample: 106 horseder combinations with all types of
bits, see Table 4).

7.3.1.2 Rein tension parameters inonventional European ridings. Western riding

Gonventional Europeaniders applied higher mean rein tensiamean standard deviation, spread of
tensionand mean peak rein tension overall and within different gaits compared to Western riders
(Tableb) (Figures 62 and 63 snaffle bits only Rein tension in Western ridirehowed a smaller mean
difference between he left and right rein(Figure 64). Smaller time shift ws found in Véstern riding
(Figure 65) compared toconventional European riding however, the time shift did not differ

significantly between the different disciplines of both riding styles
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Table5: Rein tension parameters in different gaits and transitions with regard to riding style and type of bit

Rein tension was compared between the different gaits, transitions and riding styles within each parameter. (Mean SD=ablkmahdsteiation as a measure
of stability of reircontact; Mean peak tension= mean of tension peaks only; N=NeWwton)

conventional European riding with snaffle bits or bitless bridles

(47 horserider combinations)

Mean peak tensiorl Mean difference of left and righ

Gait Mean tension (N) | MeanSD (N) (N) rein tension (N)

Cantertrot |16.3+0.8 12.6+0.9 27.7+¥1.1 9.7+0.5

Trot-walk 14+0.8 10.4+0.9 23.9+1.1 7.6+0.5

Walk-halt 11.3+0.9 7.7£1.1 20.6+1.3 7.1+0.6

Canter 16.3£0.8 13.6+0.9 28.6+1.1 9.2+0.5

Sitting trot | 12.9+0.8 9.8+0.9 22.6+1.1 7.6+0.5

Rising trot | 10.6+0.8 8+0.9 18.3+1.1 7+0.5

Walk 8.5+0.8 6.5+0.9 23.9+1.1 5.4+0.5

P <0.0001 <0.0001 <0.0001 <0.0001

Western riding with snaffle bits

(43 horserider combinations)

Mean peak tensiof Mean difference of left and righ
Gait Mean tension (N) | Mean SD (N) (N) rein tension (N)
Cantertrot | 6.9+0.9 6.4+1 17.3£1.2 4.1+0.6
Trot-walk 5.4+0.9 4.3+1 12.7+1.3 3+0.6
Walk-halt 5+1.1 4+1 .4 10.3£1.7 2.8+£0.7
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Canter 7.4+0.8 7.3£0.9 17.3+x1.1 4.6+0.6
Sitting trot | 6.2+0.8 6.6+0.9 13.3+1.2 3.8+0.6
Rising trot | 5.4+0.8 4.9+1 13.2+1.2 3.5+0.6
Walk 3.8£0.8 3£0.9 10.3t1.7 2.41+0.6
P <0.0001 <0.0001 <0.0001 <0.0001
Western riding with curb bits
(16 horserider combinations)

Mean peak tensiof Mean difference of left and righ
Gait Mean tension (N) | Mean SD (N (N) rein tension (N)
Cantertrot | 4.4+0.5 4.2+0.7 12.3+2.6 3.4+0.5
Trotwalk 2.8+0.5 2.7£0.7 8.3+2.5 1.8+0.5
Walk-halt 3.4+0.5 3.8+0.7 8.1+3.2 2.8+0.5
Canter 2.8+0.3 3.2+0.6 11.1+1.7 1.8+0.3
Sitting trot | 2.1+0.3 1.9+0.6 8.9+1.9 1.1+0.3
Rising trot | 1.9+0.3 2+0.6 8.2+1.9 1.2+0.3
Walk 1.7£0.3 1.4+0.6 7.2£1.8 1+0.3
P <0.0001 <0.0001 <0.0001 <0.0001
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Figure62: Example sequence of rein tension (N)cohventionalEuropean ridingat canter(snaffle

bit; Sreenshot of the data recording software by Centawhich indicates a mean tension level
(black line) and scales the diagramme automatically. Therefore the scales used in Figures 62 and 63
are different)

Figure63: Example sequence of rein tension (N) of Western riding at cdeteffle bit Screenshot
of the data recording software by Centaur, which indicates a mean tension level (black line) and
scales the diagramme autorieally. Therefore the scales used in Figures 62 and 63 are diffgrent.
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Figure64: Rein tension parameters (Newton) compared betweaemventional Europeanding (47
horserider combinations)and Western riding43 horserider canbinations,all p <0.0001, Mean
peaktension= mean of tension peaksly, all snaffle bits
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Figure65: Mean time shift of peaks (seconds) between left and right reins compared between rein
tension inconventionalEuropearriding (47 horserider combinationspnd Western riding43 horse
rider combinationspverall (allpp=0.038 all snaffle bit}.
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7.3.1.3 Rein tension parameters within different disciplines o€onventional

European ridingand Western riding

Mean rein tension mean standard deviation, spread of tensiand mean peak tension differed
within the specific disciplinewith snaffle bits or bitles®ridles (Table6, Figire 66). Peak tensions
showed little difference between manoeuvres and directions (generally p»0Q&Gantitative
asymmetry of rein tension (mean differencéetween left and right rein tensignwas highest for
show jumping inconventionalEuropean ridingand lowest for reining in Western riding (Tale
Figure 66). Rein tension was more symmetric (8nshift between peaks of the left and right rein) in
allaround, reining ad leisure ridersthan in the disciplinesshow jumping, dressage and cutting

(Figure 67).

Table6: Rein tension parameters of different disciplinecanverional European ridingnd
Westernriding

Rein tension was compared between the different disciplines within each parameter. (Mean SD=
Mean standard deviation as a measure of stability of rein contact; Spread of rein tension = Mean
(maxmin); Mean peak tesion=mean of tension peaksnly; N=Newtopmostlysnaffle bits and

bitless bridle}

Spread of Mean difference
Mean rein between left

Horserider tension | Mean SD|tension Mean peak | and right rein
Discipline | combinations |(N) (N) (N) tension (N) | tension (N)
show 4
jumping 19.7£4.3 | 1412 4.2+0.3 23.145 11.2+1.9
dressage |25 12.5+1.4|10.2+¢1 |3.7+0.1 |17.3¥2.9 |7.6+1.4
leisure 18
riding 11.2+#1.3]10.7#1.1|3.8+0.1 |17.6%3 7.8+1.2

18 (11 curb
reining bits) 6.5+1.3 |4.4+1.4 |2.9+0.2 |12.9+2.1 2.4+0.9
cutting S) 5.3t13 |5.842.2 |3.240.2 |14.842.4 |4.2+1
allaround |36 (Scurbbits)4.9+1.2 |6.2+1 |3.240.2 [12.4+2 3.5+0.8

106 (16 curb
Pt bits) <0.0001 |<0.0001 |<0.0001 |<0.0001 <0.0001
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Figure66: Rein tension parametet§Newton) compared betweenifferent disciplines in
conventionalEuropean ridingind Western ridindall p<0.0001useof bits: compare Table)6
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Figure67: Time shift (seconds) between peaks of left and right rein tension compared between
different discigines inconventionalEuropean ridingitnd Westerrriding (p=0.0007, useof bits:
compare Tablep
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7.3.14 Rein tension parameters in relation to rider handedness

Table7: The distribution of handedness and laterality in the $erider combinations with regard to
riding style and different bits

Riding styles Bits

Western riding |European riding [Snaffle bits& bitless |curb bits
Left-lateral &Left-handed 1 8 9 0
Left-lateral & Right-handed 19 15 26 8
Right-lateral & Left-handed 6 4 9 1
Right-lateral & Right-handed 23 16 34 5
Right-lateral & Ambidextrous 2 2 0
No laterality & Left-handed 2 0 2 0
No laterality & Right-handed 6 6 10 2
Total 59 51 94 16

In rides with snaffle bits and bitless bridlgs/erview of samplén Table 7)human handedness alone
did not influence mean rein tension, standard @#ion, mean peak tension, minimum tension and
the mean difference ofeft and right reintension (all p>@5). The time shift between peaks of the
left and right rein, haever, revealed a tendency towardewer time shift in left-handed and

ambidextrougriders in comparison to rightanded participantgFigire 68).
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Figure68: Time shift (seconds) between left and right peaks of rein tensiorelgtion to rider
handedness (p=0.094 rideg
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assessment of their ridefs

In the sample of rides with snaffle bits and bitless brid&&rides) higher mean tension was afied

to the reins ofleft-lateral horseg11.6: 10 N) and horses without lateralityd(& 1.1N) than toright-

lateral horseq7.9+ 11N, Figure69,p=0.04).| 2 NESQ&a I GSNIft AG& RAR y20 Ay
mean peak tension, minimum tension anket mean difference of left and right rein tension (all
p>0.05).Time shift did not differ significantly between the different directionskof NHaf@ldy

(p>0.05).
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Figure69: Mean rein tension (Newton) overall of differedirections of laterality in horses based on
G KSANI NA RS NID.A4 *lindicatd & aisiglficaint diffdrahce p0.05, all other comparisons
p>0.05 94 ride9

Mean tension was highest in horses without laterality in totatl &specially in the rig rein and
lowest in rightlateral horses withslightly higher tension in the left reirfFigure 7). Mean tension

wasasymmetric in leftlateral horsesand horses without lateralitgFigure 70).
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Figure70: Comparison of meanténA 2y o0b0 2F GKS € STd FyR NRARIKI{
oF&d&SR 2y (KSANI NA R@rdaswith bnaffie Bits and Biess britllednadjdsted p
values; After adjustment for multiple comparisons, none of the pairwise comparisware
significant any longér

7.3.1.6 The influence ofK 2 N&E S Q& (daded ¢ Nde fiske$sinent of their ridgrand

riderQ @andednesson rein tension parameteroverall

The combination of leftateral horses with rightandedriders (23 horserider combinations with 26
rides)resulted in lower mean tension overall compared to the combination withHaftded riders (9
horserider combinations, Figure 71, p=0.04). Mean peak tension was higher for the combination of
left-lateral horses and lefhanded riders too ftigure 72p=0.03). Horses without laterality received
lower mean peak tension combined with lé¢fanded riders (Figure 72). In contrdett-handed riders
applied lowemean tension and mean peak tension overall to rigttéral horses capared to right
handed riders (Figures 71 and 72). Mean peak tension was higher for horses without laterality
combined with righthanded ridersas well ashorserider combinationswith matching directions of
laterality (Figure 72). Ambidextrousriders rock rightlateral horses exclusively (4 horgder
combinations) and applied overall mean tension that was comparable to-higinded riders
(8.3t2.6N Figure 71 and mean peak tension that was comparable to-tefbded riders (15.1+£3.2N,
Figure 72). Naignificant influence of horseider combinations on standard deviation, minimum

tension, the mean dierence of tension and time shift could be found (all p>0.05).
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Figure 71 Comparison of mean rein tension overall (Newton) betwdiea different directions of
K2NARSQa fFAiSNIXtAdGe oFASR 2y G KSOONdiffngdnFnSrdebder a4 a Sa
combinationswith snaffle bits and bitless bridles 94 rides(p=0.04 different letters indicate a

tendency towards a sigincant difference at p<OJ1
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Mean peakrein tension (Mewton)

Figure 72: A comparison of mean peak tensiofNewton) in 94 rides of 90 different horsiler

combinations (p=0.8). Higher tension peaks seem to occur with-leferality in horses and riders.

Laterality was assessed iyKS NARSNHE o0FaSR 2y GKS K2NBRSQa 4&dzllL
rider combinations with matching laterality are marked with stars and combinations with opposite
laterality are marked with arrows.

Based on variance componentrom the mixed model analysis, both the rider and the horse
explained with 33.2+0.0% each a significant (Likelihood Ratio Test, p<0.05) proportion of the total
variance in mean rein tension. Specific hergker combinations however, did not contribute
significantly to the total variance. In contrast, with SD of rein tension, the rider (14.9+£5.8%, p<0.05)
but neither the horse nor the horseder combination explained significant proportions of the total

variance.

7.3.1.7 Rein tension parameters in ration to symmetry of the inside versus the
outside rein

In this chapter, rein tension is regarded in relation to the direction of riding in the arena, i.e. in a
clockwise direction the right rein is regarded as the inside rein and the left rein as thid@uogsn,

whereas the opposite is true for riding in a countdockwise directionRiders applied higher mean
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tension to the inside rein regardless of the directi(ffigure 73). The asymmetry was stronger on a
circle compared to riding on straight lindsigure 73. Mean standard deviation of the rides (figs
74and 79 and mean peak tension (Eig 76) were higher on the inside rein on a circle regardless of

the directionand the riding style

Mean standard deviatiomf the rides served as a parametgr measure stability of rein contact,
which was almost symmetric on straight lineand larger on the inside reian circles and straight
lines counterclockwisewith Europearand Westerrnriding (Figires 74and 75. Rein tension was least
stable in the left(outside) rein on straight lines countetockwise in Western riding and in the right
(outside) rein on circles clockwise in European ridMgan peak tensions werglightlyhigher in the
right rein on straight lines, regardless of the directigtigire 76). Overall, riders reached higher peak
tension in the inside reirNo significant results for minimum tension and the medffiedence of left
and right rein tension could be document (all p>0.05)Larger time shift was found counter
clockwise ¢ircle:0.150.02sec., straight: 0.040.007sec., clockwise, circle: 0.80.003sec. straight:
0.02+0.004sec., p<0.0001
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Figure73: Comparison of mean rein tensibNewton based on 8rides with snaffle bits and bitless
bridleg of the left and right reinin relation to the direction of the straight lines and circles. Higher
mean tension was applied to the insidg compared to the outsideein (p=0.@03).
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Figure74: Comparison of mean $MNewton basd on 9 rides with snaffle bits and bitless brid)es
of the inside and outside rein on straight lines asicttles in both directions 0.000) in European
riding. Mean standard deviation served as a parameter to measure stability of rein contact.
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Figure 75: Comparison of mean $[Newton, based on 94 rides with snaffle bits and bitless bridles)
of the inside and outside rein on straight lines and circles in loatkctions (p<0.0001) in Western
riding. Mean standard deviatioserved as a parameter to measure stability of redmtact.
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Figure76: Comparison of mean peak tensfgiNewton based on 8rides with snaffle bits and bitless
bridleg of the inside(*) and outside rein on straight lines drtircles in both direction§=0.(B). In
contrastto mean rein tension, peaks are never symmetrical.

7.3.1.8 The symmetry and stability of left and right rein tension in different horse
rider combinations

Contact of the right rein was most oftestronger Figure77, p=0.003 and less stableHgure78,
p=0.02 with left-laterality in both, horses and riders, compared to riggteral individuals.
Ambidextrous riders seem to be more comparable to-feihded riders Kigures 77 & 78). Horses
without laterality were ridden with higher mean tensicaand mean standard deviatioim the right
rein (Figures 77 & 78). Righthanded ridersshowed the most asymmetric mean rein tension in the
right rein with left-lateral horsesor horses withoutaterality (Figure79). Lefthanded riders showed
the strongest mean tension in the right rein with Kditeral horses (Figure 80). Reéémsion was less
stable but more symmetric witmatching directions of laterality in horses and ridéfsgures 79 &
80). Mean peak tensio was higher in the right than the left rein for all hondder combinations
(Figure81).
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Figure77 (left): Acomparison of mean rein tensid(Newton) in110rides of106 different horserider combinations (p0.003. Lateraity was assessed by the
NARSNER oFaSR 2y GKS K2NERSQa adzZJJ SNI 8ARS RdzNA Yy 3 N Rdeycambindtiang witdmatchirg K i NI
laterality are marked witlarrowsand combinations with opposite lateralityeamarked with*.

Figure78 (right): A comparison of mean standard deviatidiNewton) as a measure to determine stability of rein contact in 94 rides of 90 different-Hidese
combinations (p=0.02). Laterality was assessedkb$t NA RSNE o0F aSR 2y (GUKS K2NARSQa adzlJL)d SNJ aARS RdzNA y:
Stronger rein contact was identical with higher mean SD (less stability) in allfideseombinations, except lefateral riders with either leftor right-lateral

horses. Horseider combinationsvith matching laterality are marked witarrowsand combinations with opposite laterality are marked with
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Figure 79: Comparison of mean rein tensibifNewton, p=0.0B) and mean standard deviatidn

(Newton) as a measure to determine stability of rein contact in 70 rides of combinatitimgight-
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Figure 80: Comparison of mean reitensiont (Newton, p=0.003 and mean standard deviation

(Newton, p=0.02 as a measure to determine stabiliyrein contact in 20 rides of combinations with

left-handed riders Laterality was assessed by the ridérd a SR 2y GKS K2NARSQ&a & dz
riding tasks.
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Figure 81: Comparison of mean peak tension (Newtbin the right versus the left rein of 90

different horserider combinations with 94 rides (904). Lateralityvas assesed by the riders based

2y (0KS K2NERSQa adzZLJLX S NdidarkdnBinatodsNathyhitangXateralisy dre G | 4 1 a d
marked with arrowsand combinations with oppdte laterality are marked with *

7.3.19 Rein tension symmetry in relation tohe direction of reported difficulties of horses
to bend

Only rides of horseswith reported difficulties to bend clockwiséi.e. to the right) showed
asymmetric rein tension overalFigure 82, p=0.04. Difficulties to bend counteclockwise(i.e. to the

left) resulted in lower, but almost equal rein tensiddean rein tension overall was symmetric but
rather high in horsesvith overall andwithout reported difficulties bendingompared tothose with
reported problems clockwise amunter-clockwise(Figire 82). The mean difference of left and right
rein tension was largest for rides without reported problems in comparison to rides with reported
problems to bend clockwise, countelockwise or in both directions (fige 83, p=0.000%. No
relation of difficuties bending and mean peak tension, standard deviation, minintemsion and
time shift could bdound (all p>0.05).
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Figure82: Mean rein tensioh (Newton) of the left vs. the right rejrbased on 8 rides with snaffle
bits and fitless bridledn relation to the side to which horses had difficulties bendingsareported

by their riders (p=0.0% Rein tension was symmetrical, except for horses with difficulties to bend
clockwise.
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Figure83: Mean diffeence between left and right rein tensibiiNewton) based on 9 rides with

snaffle bits and bitless bridlesn relation to the side to which horses had difficulties bending to as

reported by theirriders (p=0.005. Reintension was more symmetrical wheNA RSN a NI LJ2 N
difficulties to bend in either direction for their horses.

Mean reintension (Figre 84), mean peak tension (Rige 85) and the mean difference of left and

right rein tension (Figre 86) according to reported difficulties bending wer& € I G SR (2 K2 NI
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laterality, nor handedness were discovered for standard deviation, minimum tension and time shift
(all p>0.05)In both rightlateral and left-lateral horseshigher rein tension occurrewith reported
problems in the direction of the nepreferred side whereas tension in direction of the preferred
side was more stable (e.g. in right lateral horses: mean tensiaiif Tounterclockwise (non-
preferred side) vs. 642.6N clockwise (=preferred sidefigure 84). In rightlateral horsesrein
tension was highest when difficulties occurred ovefgigure84-86). The highest magnitude of mean
tension was foundin horses without reported probleshand no laterality {4.5t1.7N). In horses
without laterality only problems bending clockwise or overall were reporddan peak tension was
highest for horses without reported difficulties in léftteral horses and horses without lateralifye.

no difficulties or overall difficult, Figure53. Soread of tension was smallest for horses with
difficulties bending to theright (3.5+0.1N) and left (3.8£0.1N) and identical for horses without
difficulties and with difficulties bending to either side (3.91£0.1140.0001). Thenean difference of

left and right rein tension was highest for horses without laterality and no reported difficulties
(Figure86). In rightlateral horses, rein tension was most asymmetric with reported difficulties in
both directions (7.32.6N) in comparison to lefateral horses which showed almost equal
asymmetry regardless of the reported problem (clockwise+®.8N, counterclockwise: 6.91N,
none: 6.52.1N).
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Figure 84: Mean rein tensioh (Newton) inrelak 2y (2 GKS K2NBSQ& I GSNI f 7
bending, both as assessed by their riders (p866)94 rides with snaffle bits and bitless brid)eéNo

difficulties bending was not reported for leftlateral horses. Horses without laterality were no

perceived as difficult to bend countefockwise! NNB ga AYRAOFGS GKS K2NBRSQa
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bending, both as assessed lneir riders (p=0.014, 94 rides with snaffle bits and bitless brid)eéNo

difficulties bending was not reported for leflateral horses. Horses without laterality were not

perceived as difficult to bend countefockwise! NNB g a4 A Y RA Olfén®edsidkS K2 NASQa
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Figure 86: Mean difference of left and right rein tensibiNewton) as a measure of symmetry in
NBflFdiAz2y G2 GKS K2NESQa fIFGSNIXrtAdGe FyR GKSAN R
(p=0.Mm3, A rideswith snaffle bits and bitless bridlgsiNo difficulties bendingwas not reported for

left-lateral horses. Horses without laterality were not perceived as difficult to bend counter
clockwise! NN2ga AYRAOIGS (GKS K2NBSQa LINBFSNNBSR aARS®
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7.3.1.10 Reintension parameters in relation to the lateral displacement of the
hindquarters

The lateral displacement of the hindquarters as such did not influence mean rein tension. However,
horses ofanydirection of lateralityasassessed by thieriders, that had tleir hindquarters displaced

to the left, received higher mean tension than those with a right displacement of their hindquarters
(Figure87, p=0.04).No influence was found for the mean difference of tension, mean peak tension
and mean standard deviation. Ae lateral displacement of the hindquarters in combination with

K 2 NHag@liy did not influence the side to which difficulties bending weeported (p>0.05).
Larger time shift was found in horses with righisplaced hindquarters (0.@8.01 sec. righ vs.
0.02+0.005sec. left, p=0.046).
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Mean reintension (Mewtan)

Left-lateral Right-lateral no laterality

Figure87: Mean rein tension (Newton) inrelatiolw K2 NESQa t+F GSNIXfAde a |aas
the lateral displacement of their hindquartens 90 hore-rider combinations with 94ides(p=0.04).

Rein tension was higher in horses with 4B&fA & LJt | OSR KA Y RIljdzrt NOISNAZ NB3
assessment of their laterality.

7.3.2 Discussion
Horserider-communication, especially with regard to rein tension, has often been investig&ven

though asymmetric rein tension has been discovered befdrfar(enSmith et al. 2007, Hawson et al.
2010 Eisersit et al. 2015&;isersio et al. 20)3studies focusing on the possible impact of laterality
on rein tension are scarcklowever, Kuhn@ S I+t ® onwnmno R20dzYSyiSR I L

fFrGSNFtAGE YR NARSNRA KIyRSRySaa 2y GKS &a@YYSiaN
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7.3.2.1 Rein tension parameters in different gaits, transitions and manoeuvres

The magnitude and standard deviation of reimgtondiffered between gaitdn previous studiesoo
(Preuschoft et al. 1999a , Clayten al. 2003, 2005, 2011, Herde 2005, Wari®mith et al. 2005,

2007, Kuhnke et al. 2010, Randle et al. 2011). Regarding mean peak tension which considered
consecutive raxima only in contrast to mean tension containing the full sequence with values
decreasing to minimum and increasing to maximum values, it seems a logical consequence for mean
peak tension to reach higher values. When it comes to converted rein tensioastbugh {.e.rein
tensiong & O2y @SNISR Ayid2 (GKS |Y2dzyi 2F LINB&adaNB
type of bit according to factors previously published by Preuschuwftinost gaits, transitions and
manoeuvres, as well as regardindfetient bits and bridles, converted mean tension was higher than
converted peak tension, indicating that the minima must have been quite high. Mean peak tension
for canter in conventionaEuropearriding of mostly leisure riders was 28.6N in this sampleictvis

less than the values reported for canter in professional ridersI¥N for a comparable task and
position, Egenvall et al. 2015[revious research found that riders mainly influenced the amount of
minimum and mean rein tension, whereas the ses seemed to determine the range and maximum

rein tension applied (Eisersio et al. 2015genvall et al. 2015bWith a much larger sample
investigated in all gaits, the present study reveadgqual contributions of horses and riders to the
variance of man rein tension overall. Stability of rein tension in the present study seemed to be
solely determined by the rider, which could be explained by previous findings of the rider almost

exclusively determining minimum tension (Egenvall et al. 2016a).

The meandifference ofleft and right reintension and thus quantitative asymmetry of rein tension
was larger with gait transitions and faster gaits suggesting a relation of symmetry with speed. The
rein tension patterns vary according to the different gaiByglschoft et al. 1999a, Claytoret al.

2005 and the associated movements of the hor&reuschoft 1999a, b &).cAn increase of rein
tension has been reported with faster gaits (Preuschoft et al. 1999a). Speed is the only infjluenc
factor of the gait (Fakari 1998). Horses increase their speda increasing the duration of their
swing phase and reducirthe duration of their stance phase (Streitlein & Preuschoft 1987, Falaturi
1998). Speed has a direct impact on treztical force components of the grounrdaction force due

to gravityacting on the rider. They differ b&een the gaits being lower at walk (1.2g) than at canter
and trot (approx. 2 g) (Preuschoft 201Therefore a relation of speed and symmetry seems to be a

logical consequence.

Time shiftbetween the peaks of the left and right rein was ten times higher in canter and seven
times higher in walk compared to sitting or rising trot. Temporal asymmetry might be influenced by

0KS K2NESQa F220FFtf LI G4G§SNY hthe ridedZréuschoffeRal. i K S
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1999a, Claytoret al. 2005, Preuschoft 2011%ince less time shift would have been expected to be
produced in walk than trot, symmetry and the movement pattern of the gait as such rather than
speed might be more important.rdt has been described as a highly symmetric deadturi 1998,
Hildebrandt 198% providing stability to the rider especially in rising trot (Peham et al. 2009). In
contrast to walk, horses show a suspension phase and compress their limbs like sprimgs du

ground contact at trot\{itte et al. 1995, Preuschoft 1993-urthermore movement cycles in trot are

shorter (0.65¢ 0.9 seconds) than in walk (1.5 seconds)Streitlein & Preuschoft 1987, Falaturi

1998) @ Ly gl f1 K2gSOSNE HKepdir&ing thef Zove limiiduSto e KS I R &
contraction of the M. brachiocephalicus, thus possibly increasing rein tension and also asymmetry

(Preuschoft 2008).

7.3.2.2 Rein tengon parameters in conventionaEuropean riding vs. Western riding

Rein tenfon in convenibnal European riding with snaffle bits or bitless bridles was higher and less
stable throughout all gaits, transitions and manoeuvres compared to Western riding. The reason lies
most obviously in the different aims and techniques of the wgbng styles. Western riding, which
developed according to the necessities of ranch and cattle work, aims to have the horses work
independently on a loose rein with minimum conta¢tolm 2008, Schmid 2014s opposed to
conventionalEuropean ridingwhere af A 3KG¢ odzi Oz2yadalyid O2yidl OG o
reins is desired(¥e la Guérinere 733, Steinbrecht 1901, Museler 1933, Podhajski 1967, Miesher

al. 2000. Furthermore, the reins in Western riding are bridged with bimanual contact and rein
signals e.g. for bending are supposed to be given with both hands simultaneously with a gliding
movement Holm 2008, Schmid 20}14Rein tension with bridged reins showed improved stability
and temporal symmetry of rein contact in the present study. Sk, skill level of the horseder
combinations seems to be more important for performance and horse learning, than the difference

between Western and conventional riding styles (Konig von Borstel et al. 2013).

7.3.2.3 Rein tension parameters within défent disciplines of conventional

European ridingand Western riding

The rein tension of show jumpersawhigher than those of leisure or dressage riders, which were

quite comparable. A possible explanation might be that leisure riders and dressageaidarsre

F20dz2aSR (261 NR& AYLINROAY3I GKSANI K2NBSQa ol flyoOSs

lighter signals. Suppleness and prompt reactions are essential in dressage competitions (Steinbrecht
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1901, Miseler 1933, Miesner et al. 2000) sraasimple necessity for a reliable horse that is pleasant
to ride Holm 2008, Schmid 20} 4vhereas show jumpers might be more focused on improving their
horses jumping ability and speed (Miesner et al. 2000). When it comes to symmetry however, show
jumpers and leisure riders might give less frequent signals to their horses, thus improving temporal
symmetry with smaller time shift between the left and right refnother possible factor might be

that especially dressage horses moved with more impulsiors fleading to larger amplitudes of
Y2@SYSyld AYyRdzOAy3 | atA3IKd FEGSNYyFrdAy3a aKATFI
brachiocephalicus (Preuschof2008). However, absolute temporal symmetry was not only
documented in Western breeds with l#t impulsion during their gaits, but also in some of the
warmbloods and riding poas throughout entire Westermides and for shorter perids of time
during conventionaEuropeanriding. In Western riding, higher rein tension values were found in
cutters than in reining or allaround riders. Time shift was higher for cutters than for any other
discipline. However, especially for disciplines asking hodsg-combinations to work with cattle, a
horse that works independently on a very loose rein is essefttialm 2008. Thussomeriders of
cutting horses in this sample reported that their horses were upset with them keeping more rein
contact than usual and tried to pull against the reins, which might explain the differences especially
in mean peak tension ahtime shift. Since the number of horsigler combinations for show jumpers

and cutters was rather low, these results need to be investigated again with a larger sample. Rein
tension values of different gaits and transitions showed large differences battheedisciplines of

one riding style compared those of the other riding style. However, the differences among the
disciplines of the same riding style were rather small, indicating that the riding style rather than the

demands of different disciplines InEnces rein tension values.

7.3.2.4 Rein tension parameters in relation to rider handedness

Human handedness alone did not influence the magnitude of rein tension. However, temporal
asymmetry was greater in rigiianded than lefthanded participants. dvantages of lethanded
humans e.g. when it comes to reaction times and skill of their-caminant hand(Steenhuis &
Bryden 1999, Rousson et al. 200#nd in different sport disciplinesvicManus 2002 have been
reported. Furthermore, lefthanders often prform superiorly in bimanual tasks (Judge & Stirling
2003) and prceive grip force more accurately, thus being able to perform more symmetrically
(Adamo et al. 2012)A possible advantage of Idftanded and ambidextrous individuals has been
suggested byhte results otthapter fourin equestrian sports, which might be based on the improved

symmetry and accuracy shown in this samgiidorserider combinations
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assessment of their ridejs and rider handedness in different horseder

combinations

When it comes toK 2 NHafefility, the magnitude of rein tension but ndemporal symmetry
differed significantly between the directions laiterality. Also a significant proportion of the variance

of mean standard deviationf rein tension was explained by the rider, thus indicating that the rider,
but not the horse or horseider-combination influence the stability and temporal symmetry of rein
tension. The total variance of mean rein tension in the present study was equally influenced by the
horse and the rider, indicating that quantitative asymmetry might be related to rdiffedirections

of laterality in horserider-combinations. As dmumented in previoustudies €hapter5, Kuhnke et al.
2010 higher rein tension was applied to ldéteral compared to rightateral horses or individuals
without reported laterality. Righhanded riders applied lower mean and peak tensiomaoses with
matching (ight-) laterality than to leftlateral horses and horses without reported laterality the
present study as well as in previous research (Kuhnke et al. 2Blb®ever, left-handed riders
applied higher mean and peak tension to H&fteral compared to other horses, contradicting the first
impression that matching directions of laterality in horsger combinations might be an advantage
according to the magnitude, symmetry and sy of rein tension(chapter 5, Kuhnke et al. 2010

The present study seems to support these restdtsight-handed riders on righkateral horsesonly.

In contrast, ein tension seemed to be increased with Hterality in horses and riders, espalty in

the combination of lefthanded riders and leftateral horses. Regarding rein tension variables overall
0FaSR 2y GKS RANBOUA 2lgterad chbmbinatidid @@ dcedflower BiNtedisibrii 8 = O 2
These results might mirror the findingg chapter 4, indicating that the handedness of the rider
YAIKG 6S Y2NB AYLRZNIFyd G2 adzO0Saa FyR alFSde i
to be comparable to righhanded riders for mean tension and to lfanded riders for mean peak
tension. However, results have to be regarded carefully, since only two ambidextrous riders

participated and only rode rigHateral horses.
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7.3.2.7 Rein tension parameters in relation to symmetry of the inside versus the
outside rein

Results othe preent studyrevealedhigher peak tensiomn the right rein on straight lines both
directions. Since the majority of riders were rightindedfemalesand attributes such as muscle
strength and grip force in these groups have repeatedly been documenteck ttarnger in the
dominant hand $teele 2000, Klum et al. 2012a possible relation to human handedness is
suggestedFor straight lines counteclockwise, highemeanpeak tension was applied to the outside
(right) reinas demanded by the riding literatu(®e la Guérinére 133, Steinbrecht 1901Miesneret

al. 2000, Museler 1983 In contrast, mean peatension was asymmetric and stronger on the inside
rein on circles counteclockwise (left rein) and on circles and straight lines clockwise (rightengen)

in advanced and professional rideffsirther supportingthe hypothesis of a relation to handedness

and previougesults (Kuhnke et al. 2010, chapter 5).

Asymmetry was stronger on a circle especially when it comes to the stability of rein contactrrgveal
highermean standard deviatioand thus less stabilitin the inside rein, regardless of the direction.

This might be caused by thengerstance phase of the inside limbs compared to the outside limbs

on a circle (Falaturi 1998, Chateau et al. 20¥)counting for this fact and the relation of rein
GSyairzy (2 (GKS K2NERSQa Y2@SYSyid LI GaSNsablityl 48 YYS
YAIKG faz2z 0SS Fdz2NHKSNI NBRAdZOSR 6KSYy NARSNAR Ol yy
orientation, while tying not to ride with their inside rein (Miesner et al. 2000apitzke 2001
5SLISYRAY3I 2y GKS RANBOUA2Z2Y 2F GKS OANDES IyR @K
K2NBSQa 26y LINBFTSNBYyOS 2N 2L112asS (e th&€@etloS Qa  LIN.
GO2NNBOGE GKS K2NEBS ¢ A (fkhe mdids®iny ThB Nifuaidd might ieShg a A 2 y
reason behind the impression that the horse performs easier in one direction than the other.
However, the theories and demands of thigling literature have been established based on the
subjective experiences and impressions of the old riding masters De.da Guérinére 7133). The

demand to ride with stronger contact on the outside rein could therefore also be based on a
compensatorymechanism, whereas stronger tensions on the inside rein might be more natural
accordingtothekK 2 NB SQa Y 2 @S Mdvgvér, thellprésénd migyilts might explain and further

support the results of chapter 5, th& yf &8 (KS NARSNRAa SIQ&Ha SI3ERYSS yLINSZFTS |
showed a significant relation to rein tension symmetry. Even though stability of rein tension is
determined by the rides, i K S A NJ lakeallyEs&ems to influence the basic situation the rider has

to deal with.
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7.3.2.8 The symmety and stability of left and right rein tension in different horse
rider combinations

Mean peak tension was higher in the right than the left rein for all hoider combinations. This has

been potentially explained with the strength of the dominant haindrighthanded riders before

(Steele 2000, Hobbs et al. 2014, Klum et al. 20&2¢n though lefhanded subjects seem to perform

more symmetrically when it comes to grip forokdamo et al. 201R they use their nordominant

hand more intensively thanght-handed subjectsSteenhuis & Bryden 1999, Rousson et al. 2009).
Therefore,one possible explanation for stronger tension of the right rein inheftded riders could

be overcompensation with their nodominant right hand when riding righateral horgs which

avoid contact to the right rein. Horses without laterality showed higher mtarsion and less

stability, especially in the right rein with all riders, indicating that they might not be truly symmetric

and well-balanced in both directions, eveihdugh no laterality has been perceived by their riders.
However,manyNA RSNAE LISNOSAGSR | N}IGKSNJ KAIK NBAYy (Sya
fAIKGISad O2y il Ol 6+-a RSAONAOGSR la daidNRy3dI&éd ¢K
appropriatdy further indicate that these horses might not be truly balanced afterfadtording to

the riding literature, horses would tend to lean time rein of their nonpreferred side, thus avoiding

contact with the rein of their preferred side (e.g. the ldteral horse would tend to avoid contact

with the left rein and lean on the right rein overall; Klimke 198&iseler 1933). In fact, in left
KFYRSR NARSNBERSZ NBAY Sy aAipeoferred Iside afdNe3KsEablé od yhe (1 KS  F
K2 NBARSQa idéNKtA SlINGdidbRatichs of horses, supporting this theory. Combinations of

horses with rightk F Y RSR NARSNARZI K2gSOSNE &K26SR aidNRy3ISN
human handedness. In lefateral horses with righhanded riders, rein tension wdsigher in the
NARSNRA R2YAYlIYyld ONAIKGO KIFIYyR FyR t£SFraag adlots$s

K 2 NBA S-Qraferrgdasife (i.e. right rein of a righianded rider on a leftateral horse). In contrast,

almost symmetric tension of the fieand right rein according to mean tension and mean standard

deviation was found in combinations of riglateral horses and rigHtanded riders. Theight-

handed rider seems to be able to maintain contact wite/her dominant right hand, thus the right

lateral horse does not lean as much on the left rein which creates the impression of symmetric and

more stable rein tension. These results once again indicate that the digterminesthe stability of

rein tension, which is based on the situation create@ K2 N&E SQa -hahdédridédrsisaeine @ wA =
02 RSLISYR dzll2Yy GKSANI R2YAYlIyild KFEYR gKAES (GNBAY3
strong influence of human handedness on rein tension.-haftded riders in contrast seem to be
independentof their dominant hand thus supporting the theory of fanded individuals being less

lateralized Goble & Brown 2008Rousson et al. 2002 A OK | U2 a1 A 9. TheNight A OT | |

handed sample contained a broad number of any riding level, in contrabetteft-handed riders in
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the present study whichwere riding mo#ly at basic and advanced level. Therefdarseems that left
handednessather experiencamight indeed enable the rider to act more independently of their own
KI'YyRSRyS&aa ¢gKSy GGSYLIWiAy3a (G2 GO2NNBOGE UGKSANI K2

7.3.2.9 Rein tension symmetry in relation to the direction of repied difficulties of

horses to bend

WARSNE aaSaaSR GKSANI K2NBRSQa fFrGiSNIftAdGe ol asSR
OANDE Sa FNBE SFAaASNI G2 LISNF2NXVO ¢ KENBBDRNE B K2K$ 2K
and the remrted difficultiesthat are expected in the opposite directialuring the rides analysed in

the present study. However, since some riders did not perceive their horses to be lateralized overall

and performance might vary between different days and circamsgs, comparing the assessed

direction of laterality (i.e. the side preference overall) to the perception of difficulties for the
recorded ride seemed advisabRides with difficulties to bend horses clockwise showed asymmetric

rein tension(i.e. quantiitive asymmetry)whereas rein tension in rides with reported difficulties to

bend counterclockwise was highest. Those rides contaibeth rightlateral and leftlateral horses,

however most horses of the present study were assessed aslatgnal. Theresults of the present

study seem to support the theory of horses flexing more easily to one side and thus tending to
decrease or increase the diameter of a circle depending on the direciienld Guérinére ¥33,

Steinbrecht 1901Museler 193, Miesneret al. 2000. While some riders might perceive their horse

as being difficult in both directions, others might handle one situation better than the other and

report a problem to one side. Problems bending courtieickwise might therefore most likely

consi$ of mainly rightft  § SNI f K2NBSa RNAFOGAYy3I G26F NRa (GKS A
outside right rein. However, some ldtteral horses might increase the circle over their outside

shoulder being ridden with more tension in general and especiatiythe inside left rein, thus

NBadzZ GAy3a Ay &d83YYSOUNROST o6dzi NI §KSNJ KAIK NBAYy (S
Ot 201 6AaSe¢d Aa5AFFAOMZ GASE O0SYRAy3I Otft2016ArAaS¢ K2
because the majority of ght-lateral horses increasing the circle weattempted to bed O2 NNB O SR ¢
GAOGK GKS AyaARS NRIKGI NBAYS gKAOK gl a |aaz20Alas
dominant hand (right hand inght-handed rider¥ and reached higher tensions thahe outside left

rein of most leftlateral horses being prevented from drifting towards the inside of the circle. The

mean difference ofeft and right reintension was highest for rides without reported problems, even

though mean tension overall was symtric. Those horses might actually have been ridden with

higher tension on the outside rein as demanded by the riding literat8teiibrecht 1901, Miseler

1933, Miesner et al. 2000, Kapitzke 201} thus creating quantitative asymmetry of rein tension
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thr2 dzZ3K2dzti G§KS NARSI odzi y2G 20SNIffd wS3IFNRAyYST

l.j

tension was found wittrides for whichdifficultieswere NS LJ2 NISR Ay (GKS RANBOGA

preferred side, when it tends to increase the circle and cesathe impression of being naturally
¥t SESR oOMukekef 1923&KEmke 1685 The mechanism behind higher rein tension with
difficulties intt§ RANB OUG A 2y 2pfeferie@sile MightN® BsQendenty ty drift towards
the insideand a A Jey theNdder@ leg signalsThe horsecreates the impression of biag flexed
towards the opposite sidaMiseler 1933 Klimke 198pband animagsthe rider to use the inside rein

in order to support the inside leg signals with rein signals. The highegtitndg and asymmetry of
tension was found in horses that were difficult to ride in both directions and in those without
reported difficulties. Horses that are difficult to ride in both directions might be unbalanced and

perceived ag/ 2 (i & dzLJLJX S ignals ai &l RlimReX1$8% MIeentrast, horses that perform

SlidzZ ffte aoStftée Ay 020K RANBOGAZ2Yya YAIKG taz2 oS

performactuallySlj dz £ £ @ G LI2Z2NE Ay 0 2 i Kcoverli NSO KR2MNEREDA NI RK F I

with strong rein contact and an altered head and neck position (Kienapfel Z0g¢hapfel &
Preuschoft 2015 Rein tension was more asymmetric in diefteral compared to rightateral horses.

Asymmetric and strong rein tension signals given ovpradonged period of time might negatively

FFFSOG K2NBSQa fSFENYyAy3a | yR {NI-Peight 2081, McBrigevye S 2 LI N

2004).

7.3.2.10 Rein tension parameters in relation to the lateral displacement of the
hindquarters

In previous esearch the direction of the lateral displacement of the hindquarters, but not the
F2NBEAYO0 LINSTSNBYOS 4l a NBfFGSR G2 dhépter AR SN &
resultsseemed to be more reliable in leffdteral horses In the presat study, neither method was
related to laterality during ridingand rein tension symmetry. The hindquarters were displaced to
either the left or right side in both rightateral and left-lateral horsesof the present sample.
Furthermore, trigger point reations were not directly related to laterality or the lateral displacement
of the hindquarters, even though muscles involved in lateral flexion (Budras & Rdck 2017, Kienapfel
et al. 2017) contributed to the sum of trigger point reactions of both sides different proportions
(See 7.4 Therefore it seems that in contrast to common assumptions in the riding literaRedd
Guérinére 33, Steinbrecht 1901, Museler 1933, Podhajski 1967, Klimke, MigSneret al. 2000,
the lateral displacement of thely Rlj dzZl NISNBE FyR (KS NARSNRAa | aasSa
are notdirectlyNB f G SR® { GAf £ I ihdlr Swnhk Boftdvaried betvee@ orgeS y (i 2
with their hindquarters displaced to the left or right, indicating that the latelisblacement to either
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AARS YAIKG O2yUiNROGdziS (G2 GKS NA R&yNIaré subisimic LG A 2 v

hasbeen assumed so far.

7.3.3 Conclusion

7.3.3.1 Rein tension parameters in different gaits, transitions and manoeuvres

Minima of rein tension seemed to be been quite high in the total sample, thus leading to higher
YSIYy GSyairzy i GKS K2NARSQ&a Y2dziK 602y @SNISR YSt
K2NERSQa ¢St TINBX Al aSSvya (2 sdtleincchthidboverafithdhmali | y i
focus on reducing tension peaks alone. The mean difference of tension and thus quantitative
asymmetry seem to be related to speed, whereas temporal asymmetry might be influenced by the
K2NBRSQa F2207FL f fy ofLdhitiad Subld/ Thé & andl dunerShandedness seem to
influence the stability and temporal symmetry of rein tension. The magnitude and quantitative
ABYYSGNE 2F NBAYy GSyaizy Ay O2yaGN¥ ad -rid-NARSa |
combinations.Therefore, it seems that symmetry is influenced by several variables and at least two
different aspects of symmetry exist. Overall rein tension seemed to be increased and less stable with
left-laterality in horses and riders, especially in the combinatibleft-handed riders with leftateral

horses. Ambidextrous riders seem to be more comparable tehiafided riders overall, which might

support previous findings of similar advantages of both-efhded and ambidextrous riders.

7.3.3.2 Rein tension arameters in conventional European riding vs. Western riding

Rein tension in Western riding compareddonventional Europeariding is lower, more stable and

symmetric throughout the different gaits and transitiorfie riding style rather than the demaadf

different disciplines influencerein tension values. Horses that were difficult to ride in both
RANBOGAZ2Yy A YAIKG 0SS dzyolflyOSR FyR y2i adzZJX S ¥
LISNF2NXYSR Sljdzl £ @& righSattdally pekfofm eg@allykinb&landeds O G A 2 v &

7.3.3.3 Rein tension parameters in different horseder combinations

Higher peak tensions were documented in the right rein in all hadsr combinations. Asymmetry

was stronger on a circle with higher and lessbke tension in the inside reinsegardless of the
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direction. Asymmetric rein tension seerts be natural on curved trackslowever, the demands of

the riding literature to keep a stronger contact to the outside rein might be couattive. Even

though shbility of rein tension is determined by the ridér,K S K [atd\a&lit$ seé&ms to influence

the basic situation the rider has teeact to. Righthanded riders seem to be depending upon their
R2YAYLFYyild KFEYyR gKAES G(NBAYI tyilRggeSty 438ghg infliehce ©fK S A NJ
human handedness on rein tension. Matching directions of laterality in hddse combinations

seems to be beneficial in righianded riders. Lefhanded riders in contrast seem to be independent

of their dominant handhus supporting the theory of leftanded individuals being less lateralized.

7.3.3.4 Rein tension parameters in relation to the lateral displacement of the
hindquarters

¢CKS fFHOSNIE RAALIFOSYSYyd 2F GKS KASRQIEIND S BHNE R R
do not seem to be related. Howevethe lateral displacement of the hindquarters to either side

YAIKGEG adAatf O2yidiNRO6dziS (2 GKS NARSNRE LISNOSLIGIA 2

has been assumed so far.
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7.4 The influence of horse irider-laterality on sport results, risk of injury
and the horseb6és muscul ar system

7.4.1 Results

A 7

7411¢KS Yl IyAGdzRS FTYyR &a@8YYSGNEB 2F NBAyYy O

results

The mean rein tension afight-lateral horgs was lower with international competition horses in
contrast to national competition and leisure hors&sgure88, p<0.0001). In leflateral horses more
than twice as much rein tension was applied to leisure and national competition horses than to
horses competing on international leveFigure88). In horses without laterality mean rein tension
wasincreasedat national competitionscomparedto leisure horsesKigure88). Mean peak tension
tended to be highest for national competition horses withouelality (25.4+2.9N), as well as left
lateral (23.2+1.7N) and righateral (19.8+1.6N) leisure horses (p=0.05). Asymmetry of rein tension
(i.e. a larger mean difference of left and right rein tension) was highest for national competition
horses without lgerality, as well as foright-lateral leisure and national competitiohorses (Figure

89, p<0.0001. No significant relation of rein tension and the number of wins and placings, lifetime

earnings, success and competition lewls found(p>0.05).
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Figure 88: Comparison of mean reintensibd b Sg i 2y 0 | & RAFFSNBYy G O02YLISG A
NBfFdiA2y (2 GKSANI £ (SNI t A06 Borséitled cBrRbinaighs, allkypes NJ NR R ¢

of bits, p<0.0001)p-values ofpairwise comparisons of effect level are available on request.
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Figure 89: Mean difference of left and right rein tensibrfNewton) as a measure to determine
FAa2@8YYSOUONRO NBAY (Syairzy G RAEDSNBef ater@isy Wasaf G A (A 2 y
2y G KSANI NA RSabrserider &oinBiratioNsalhfyipes of bitsp<0.000).

7412wSAY (0SyaAz2y LI NI YSGSNE Ay NBfFGA2Y (G2 |

previous injuries

Considering mean rein teim, rider handedness was significantly related to the side horses
sustained injuries in (Tabl®). Furthermore, regarding the mean difference of left and right rein
tension, the different directions of laterality in horseler combinations were relatedbtrider injuries
(Table 9)However, numbers were low, especially when considering laterality in different hiatee

combinations (Tables 9 & 10), therefore results need to beva&uated with a larger sample size.

With horse injuries to the right sidmean tension Eigure90) was higher with lefhanded riders.
With horse injuries to the left side mean tension was similar between the directions of human
handedness. With bilateral injuries of horses mean tension was lowest for ambidextrous riders
(howewer, p>0.05;Figure90) and similar for lethanded and righhanded riders For mean peak
tension, mean SD and the mean difference of left and right rein tension, no significant differences

were found considering horse injuries (p>0.05).
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Table 8: Mean rin tensiort (Newton) in relation to rider handedness and previous horse injuries.
Rein tension was compared between the different sides of injury within each direction of rider
handedness. Horse injuries were defined as injurietholocomotory system sustained within the

past three yearslp-values of pairwise comparisons of effect level are available on request.

Horserider
Handedness &orse injuries | combinations Mean tension (N)
Let-handed
none 11 715
bilateral 4 8.9+25
left 1 122451
right 5 18.7+2.5
Righthanded
none 53 8.9+08
bilateral 14 9+14
left 3 11.9+2.9
right 11 9.7+1.8
Ambidextrous
none 1 3.5¢5
bilateral 1 5.545
left 2 12436
right - -
Pt 0.02
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Figure 90: Comparison of mean rein tensibfiNewton) to the side of reported previous injuries in
K2NARSQa Ay NBflGA2Yy 4@ hoiséifek dombinAtienS, N typeskaf PItR SRY S &
p=0.®,). Horseinjuries were defined as injuries to the locomoyasystem sustained within the past

three years.

Injuries to the right hands, arms or shoulders as well as bilateral injuries occurred exclusively with
combinations of righthanded riders, whereas rider injuries to the left were only detected in any
combhnations with lefthanded riders, as well as righainded riders and leftateral horses (Table 9).

Rein tension was most unstable in uninjured riders (spread of tension: 3.9+0.1N) compared to riders
who sustained an injury to either the left or right sideoth 3.5+0.1N). Spread of tension was
smallest for riders with reported bilateral injuries (3.3£0.1N, p<0.00&Bin tension was most

asymmetric in righthanded riders with injuries to the left or right side (Figure 91).

Mean rein tension was highestthileft-handed riders and lefiateral horsedor bilateral injuries and
injuries to the right Table 10, Figure 92Injuries to the left only occurred in combinationsrafht-
lateral horseswith right-handed aad ambidextrous ridergFigure 92) In uninpred horses mean
tension was highest for righthanded riders and horses without laterality and lowest for

ambidextrous riders and rigHateral horses (Table 18jgure92).
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Table 9: Rein tension parameters (Newtdndf different horserider combinations in relation to
previous rider injuriesRein tension was compared between the different sides of injury within each
direction of rider handedness (Mean peak tension= mean of tension peaks only). Rider injuries were
defined as iniries to the hands, arms or shoulder region sustained within the past three years.

Horserider Mean difference of left and right
Horserider combination& rider injury combinations rein tension (N)
Ambidextrous & Righateral
none 4 4.1+1.7
bilateral - -
left - -
right - -
Lefthanded & Rightateral
none 7 4.7+1.4
bilateral - -
left 3 4.1+2
right - -
Lefthanded & Leftlateral
none 8 7.8£1.2
bilateral - -
left 1 5.3+3.5
right - -
Lefthanded & no laterality
none 1 2.5£3.5
bilateral - -
left 1 4.2+3.5
right -
Righthanded & Rightlateral
none 34 5+0.8
bilateral 2 3.7x3.5
left - -
right 2 11.6+2.4
Righthanded & Leftlateral
none 20 5.9+1
bilateral 2 3.7£2.4
left 6 9.5+2
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right 3 7+2
Righthanded & no laterality

none 10 7.8£1.3
bilateral - -

left - -

right 2 11+2.4
P 0.03

Table 10: Rein tension parameters (Newtdndf different horserider combinations in relation to
previous horse injuriedkein tension was compared between thigferent sides of injury within each
direction of rider handedness (Mean peak tension= mean of tension peaks only). Horse injuries were
defined as injuries to the locomotory system sustained within the past three years.

Mean tension (N)

Horserider-combination &horse irfjury | Horserider combinations

Ambidextrous & rightlateral

none 1 4.2+4.9
bilateral 1 6.2+4.8
left 2 12.7+£3.4
right - -
Lefthanded & Rightateral

none 6 7.5+2.2
bilateral 3 6.6+2.8
left 1 12.8+4.8
right - -
Lefthanded& Left-lateral

none 4 9+2.5
bilateral 1 18.3+4.8
left - -

right 4 19.4+2.5
Lefthanded &no laterality

none 2 5.5+£3.4
bilateral - -

left - -

right - -

Righthanded & Rightlateral
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none 26 8.5+1.2
bilateral 8 8.6+1.8
left 2 11.6+3.5
right 3 8.6+2.8
Righthanded & Leftlateral

none 19 8.6+x1.4
bilateral 6 11.5%2.2
left - -

right 5 11.5+2.2
Righthanded &no laterality

none 11 13.4+1.7
bilateral - -

left 1 14.4+4.8
right - -

Pt 0.02
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Figure91: Comparison of the mean difference of left and right rein tensi@dewton) to the side of
reported previous injuries in riders in relation to the direction of laterality in haider
combinations (106 horseder combinations, all types of bits, p=0.0Bjider injuries were defined as
injuries to the hands, arms or shoulder region sustained within the past three years.
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Figure 92: Comparison of mean rein tensibfNewton) to the side of reported previous injuries in
horses in elation to the direction of laterality in horseder combinations 106 horserider
combinations, all types dbits, p=0.02).Horse injuries were defined as injuries to the locomotory
system sustained within the past three years
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7.4.1.3 The relation oftrigger point reactiona U 2
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contact and harmony of theide

Leftright differenceof trigger point reactions (see chapter 3@as asymmetric in horses ridden with
& A Y & (rdinoconfaét(0.1+0, p=0.03, Figur®3). Horses wih tensed or very unharmoniousdes
showed indeed stronger trigger point reactions compared to harmonious rfigsire 9). Strangely,
strong trigger point reations were also related teides described as very harmonious, whereas
horses with unharmoniousdes showed less trigger point reactiotigan harmonious ride¢p=0.04,

Figure94).
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Figure93: Leftright difference of trigger point reactions (Scak3,03= strong avoidance reaction) in
NBfFdA2y (2 (KS rdhcBn&adtlDiD ridesiwitls 88806 y<D.032* findicate a
significant difference at p<0.08|l otherpairwisecomparisong>0.05.
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Figure94: Sum of trigger point reactiorf 2 NJ H p & O NAktERE 8 NBE SBD & PdaldeB;B8= a A RS 0
strong avoidance reactiohf y NBf A2y (2 GKS NARSNDa HMBAaASEa \
rides with 88 horse$=0.04).

7.4.1.4 The relation of trigger point reactions to previous horse injuries

The sum of trigger point reactios¥ (1 KS K2NESQa NAIKG &ARS 6L ndnn-
(p>0.05) was related to horse injuries. Horses that sustained bilateral injuries showed stronger

trigger point reactions on the right sideompared to horses with injuries to the lefhad right side

only (Figure95).
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Figure95: { dz¥ 2F GNAIISNI LR AY (G NBI Od3) Z=yskongatoiddaéeNAE S Q &
reaction maximum of 75 in relation to previous horse injurie88 horses p=0.047 *p=0.02, all
other pairwise comparisons p>0.05 Horse injuries were defined as injuries to the locomotory
system sustained within the past three yedtslateral =19, left n=8, right n=18) indicate a
significant difference at p<0.08|l otherpairwisecomparisons p0.05
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7.4.1.5 The relation of trigger pointeactions to body symmetry in horses

0.9 T
0.8 T
0.7
0.6
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Leftright difference of TP reactions (0-3)

tail left* tail right tail straight™

Figure 96: Leftright difference of trigger point reactiongngan of differences between individual
trigger points, sale 03; 3= strong avoidanceaction) in relation to tail carriage8 horses,p=0.03
*p=0.0aL, all otherpairwisecomparisong>0.03. Asymmetric body postures (e.g. tail) is related to
asymmetric tension in the muscles of the left vs. the right body sfd&dicate a significant
difference at p<0.0%all otherpairwisecomparisons p>0.05
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Figure 97: The sum of trigger point reactions of the left (p=0.04 p=0.01, ° p=0.04, all other
comparisons p>0.05and the right body side (p=0.03ll other pairwisee comparisons p>0.Q5in
relation to tail carriageTailasymmetries to either side were related to stronger muscle tension of
the right body side* indicate asignificant difference at p<0.05 for sum of reactions left oaly,
other pairwisecomparison$>0.05
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Horses carrying their tail to the left showed lesgmmetric trigger point reactions compared to
horses carrying their ta#traight or tothe right (p=0.03 Figure96). Horses carrying their tail either
left or right showed stronger trigger pdimeactions on the right body side (p=0.01) compared to the
left (p=0.0.3,Figure97), whereas trigger point reactions in horses carrying their tail straight were

strong, but more symmetri¢Figure 97)

7.4.1.6 The contribution of individual trigger pointreactions to the total sum of

trigger point reaction

The sum and symmetry of trigger point reaction was not related to riding style, laterality of horses or

riders, the lateral displacement of the hindquartetgpe of bit or bridle, rein handlingfifficulties
0SYRAY3IS (GKS YIFIIAYyAGdzRS 2NJ 48YYSUNE 2F NBAYy Oz2yil
38 2F K2NBES 2NJ NARSNE NARSNI SELISNASYOSs GKS K2N
neck carriage (p>0.05).

Contribution of sensitve trigger points to the sum of reaction varied between both sides and
individual triggerpoints. Sensitivetrigger points of muscles associated with the movement of the
limbs and lateral flexion showed the largest variatioBonsequently, theyere correhted highly

with a large sum of reactions (Tall#).

The sum of trigger pointeactions left and right were highly correlated (r=0.77, p<0.0001) indicating
that most trigger points wereensitivebilaterally. A large sum of trigger point reaction on tled
body side was mainly influenced by trigger points TP 9, 10, 14, 15, 16 (r>0.6, Bigwe &ots) and

TP 26, 8, 12, 13, 124 (r =0.40.6, p<0.0001, Figure89yellow dots).

A large sum of trigger point reaction on the right body side was maifilyenced by trigger points TP
9, 10, 14, 15, 21, 22 (r>0.6, p<0.0001, Fi®d%ered dots) and TP-4, 7, 8, 12, 13, 16, 17, 19, 20, 23,
24 (r=0.40.6, p<0.0001, Figu@9, yellow dots).

Sensitivetrigger points TH-3, 13, 15, 1923, 24, k1k3 (r=0.30.5, Table 10, Figure @Qyellow dots)
were weakly correlated to the lefight difference of trigger point reactions. Especially trigger points
TP 710, 14, 2622 (r>0.5, Table 12, Figured 0ed dots) contributed significantly to a larger keight

difference of trigger point reactions overall.
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Figure 98: Individual trigger points of the left body side that showed large variation (Scale38&
strong avoidance reaction) and thus correlated significantly with the total slutmigger points of the

left body side. Red dots = locations of trigger points with r>0.6; yellow dots = locations of trigger
points with r=0.4-0.6.

Figure99: Individual trigger points of the right body side that showed lavgeation (Scale-3; 3=
strong avoidance reaction) and thus correlated significantly with the total sum of trigger points of the
right body side. Red dots = locations of trigger points with r>0.6; yellow dots = locations of trigger
points with r=0.40.6.
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Figure 100 Individual trigger points that showed large variation bilaterally (ScaB 8= strong
avoidance reaction) and thus correlated significantly with the-figiit difference of trigger point
reactions. Red dots = lations of trigger points with r>0.5; yellow dots = locations of weakly
correlated trigger points with r=0.8.5.
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Table 11: Correlations of individual trigger points with the total sum of trigger point reaction. Indivittigder points of muscles associated with the
movement of the limbs and lateral flexion (marked *) that showed the largest variation (S@al@=0strong avoidance reaction) and contributed significantly
to the total sum of trigger point reaction.

Trigger Paits 1 2* 3 4* 5* 6* ™ 8* 9* 10*

Correlation to sum of trigge

-

0,245 0,384 0,453 0,497 0,439 0,449 0,318 0,388 0,639 0,583
point reaction of the left side

p |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 <0.0001 |<0.0001

Correlation to sum of trigge

-

_ _ ) ) 0,373 0,510 0,405 0,395 0,346 0,250 0,440 0,463 0,624 0,564
point reaction of the right side

p |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 <0.0001 |<0.0001

Trigger Points 11 12* 13* 14* 15* 16* 17 18 19* 20*

Correlation to sum of trigge

-

0,201 0,457 0,391 0,696 0,709 0,563 0,259 0,333 0,386 0,413
point reaction of the left side

p |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 <0.0001 |<0.0001

Correlation to sum of trigge

-

0,148 0,423 0,477 0,671 0,633 0,448 0,440 0,345 0,518 0,542
point reaction d the right side

p |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 <0.0001 |<0.0001

Trigger Points left 21* 22* 23* 24 25 k1 k2 k3

Correlation to sum of trigge

-

0,536 0,504 0,513 0,370 0,338 0,165 0,269 0,193
point reaction of the left side

p |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001

Correlation to sum of trigge

-

0,714 0,641 0,49 0,4 0,309 0,269 0,329 0,2
point reaction of the right side

p |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001 |<0.0001
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Tablel2: Correlations of individual trigger points with the leftjht difference of trigger point reactions. Individuagyger points (marked *) showed ¢hlarger
variation (Scale@; 3= strong avoidance reaction) and contributed significantly to the total sum of trigger point reaction.

Trigger points 1 2 3 4 5 6 7* 8* 9* 10* 11
Left-right r
difference (LRD 0,319 0,391 0,379 0,079 0,080 |0,181 |0,536 |0,545 | 0,509 |0,470 |-0,015
of trigger point|p
reaction 0,001 |0,000 |0,000 |0,416 (0,410 |0,061 |0,000 |0,000 |0,000 |0,000 |0,877
Trigger points 12 13 14* 15 16 17 18 19 20* 21*
Leftright r
difference (LRD 0,119 0,300 0,525 0,433 |0,227 |0,140 |0,113 | 0,430 |0,509 |0,464

of trigger point| p

reaction 0,219 |0,002 |0,000 |0,000 (0,018 |0,149 (0,243 | 0,000 |0,000 |0,000
Trigger points 22* 23 24 25 K1 K2 K3

Leftright r

difference (LRD 0,474 0,355 |0,260 |-0,011 0,366 |0,413 |0,332

of trigger point|p
reaction 0,000 |0,000 |0,007 0,914 |0,000 |0,000 |0,001
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7.4.2 Discussion

A ~

TONPHDOM ¢KS YIFIYyAddzZRS FyR a@YYSIiNE 27F NE

results

Previous research has indicated that similar to other spdvticManus 2002, Raymond & Pontier
2004, Clotfelter 2008 left-handed and ambidextrous humans might be more successful and compete
at higher level than righbanded individuals (chapter 4). With the present sample however, this
hypothesis could not be suppted since indicators of sport success, such as the number of wins and
placings and the competition level, were not significantly related to handedness, laterality, specific
horserider-combinations or rein tension as sucHorses competing at internatiah level were
ridden with lessand more symmetric rein tension compared to horses at national competitions and
leisure horsesHowever,significant differencesvere only observed for rightateral horses andeem

to be more influenced by riding styl&he majority of horserider combinations competing especially

on international level were Western mas, whereas most convention&uropean riders of this
sample did not compete at all. A study by Kdnig von Borstel et al. (2013) supports this assumption,
since in that study, conventional Europeaiders showed lower rein tension the higher the
competition level was, whereas rein tension of Western riders remained at approximately the same
low to medium level regardless of competition levelirthermore,someof horserider combinations

at international competitionlevel also used curb biténcluding curb chainsluring data collection
(Data were not converted for this specific analysBpth, the magnitude and symmetry of rein
tension are influenced by the iidg style See 7.3and the type of equipment use&€e 7.3and7.6).
Horses without reported laterality were ridden with the highest rein tension, regardless of
competition level, further supporting thdéypothesis that these horses seem to perform equally
asymmetric and unbalance&é¢e 7.3. The large number of horses without laterality in the sample of
competition horses, especially at national level might be explained by the fact, that the majority of
competition horses wre Western horses. In these hs®s riders perceivedn absence ofaterality

more often than in those of the conventional Europesading style.

TOn®HdH wSAY (GSyarzy LI NFYSGSNEB Ay NBf
and previous injuries
Previous researchcliapter 4 has povided data leading to the assumption thtte incidenceof

Ydza Odzt 24186 8GFf AyednNE Ay (GKS Kdz¥ly KFyR&z | N¥a
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system might be related to laterality. This information was based on subjective reports of 688 rider
and could not be reproduced with the present, much smaller sample. In the present shely,
incidenceof musculoskeletal injury in horses and riders was not related to laterality and handedness
nor did injuries influence rein tension directly. Howevegman handedness and the direction of
laterality in horserider-combinations seemd to influence rein tension in relation to injuries
especially in horse$ider injuries seem to be related rider handedness andhatching directions of
laterality, since ider-injuriesright and riderinjuries-bilaterally occurred with combinations of right
handed riders only, whereas ridamjuriesleft only occurred in combinations with leftanded riders

and righthanded riders on horses without lateralitylean tensiorwas higher with horse injuries on
G§KS &ARS 2 F-doinikaBt hahbl Wit Nghtdatergli®y yh riders and horses an injury to any
side or bilaterally could be observed. A hoisgiry on the left however, was not documented for

any combination of #-lateral horses or riders. Heems that risk of injury in horses and ridéss
influenced to some extent by the combinations of laterality. The-dominant side might be at
higher risk in individual horsewhereas the opposite might be true for ridgrcontradicting previous
results (chapter 4). Uninjured riders showed less stability and larger range of rein tension than riders
who sustained unilateral or bilateral injurieRiders who sustained unilateral injuries on either side
showed asymmetric raitension.One possible reasofor the deviation of rein tension patterns in
uninjured riderscould be thatthose riders mightbe leisure riders who take less risk in general,
however injuries in riders and horses was not relatedheir riding level. Anther explanation could

be that the injured structuras might have forced the riders tadopt a persisting relieving posture
(Wallden 201). Musculoskeletal injuries have been linked to laterality in humans and horsesny
studies Gtashak 1995, Pugh & IBpn2004 Williams & Norris 2007 While the present results indicate
that the laterality of horseider-combinations might be importantoo, further researchwith larger
samples of horses and riders with previous injureeaeeded to identify influenng factors in horse
rider-communication affecting risk of musculoskeletal injury other than rein tendtamthermore

the present sample included several types of bits. The incidence of injuries to one side or the other is
not affected by the type of bit &l in the study. However, since rein tension values are lower with
curb bits and the number of reported injuries was rather low, the relation of rein tension values

should be evaluated on a larger sample with similar bits.

178



7

7.4.2.3 The relation of triger point reactionrd U 2 S ND LIS N
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contact and harmony of the ride

and

7.4.2.4 The contribution of individual trigger point reactions to the total sum of

trigger point reaction

The muscle chains of the large muscle groups of the neckorabd and hindquarters enable the

G022ttt SOGA2YE 2F (GKS K2NHESI ¢ PReBdoftily7ePtedzBhsftiet 1 KS K
al. 19943 Therefore,a balanced muscle state seems to be essentiaki@ NXp&fardance and

health.In the presentsidy, R NAS& A GK NBAY O2y il OG0 GKIG &1 a LIS
A8YYSUONARO GNAIISNI LRAYyld NBFOlA2ya a K2NBmSa 27F N
balanced muscle state rather than the absencemafscular tensiorand ctrigger point reactiong
seensto be requiredforaa G 6t S O02yySOGA2Y 06SG6SSy (GKS K2NERSQ
thus for horserider communication. In fact, the muscle groups responsible for protraction and
retraction of the limbs were correlated with ghsum ofcdtrigger point reactions. Especially the

muscles moving the shoulder and hip jgisitabilizing the spine and enabling lateral flexion (Budras &

Rock 2000, Kienapfel et al. 2017) contributed most to the sumtrigfger point reaction$ on both

body sides and were most strongly correlated with asymmaedniigger point reactioné indicating

that quality of movement might influence muscular health and vice versa.

Horses withd 2 1 K G @S NE Kb IBRIF A 2zgz&K & NY FRA 2dza ¢ NARIGE 4AK2 0
NBIFOlAzya 2y (GKS STl GKIFYy ddzyKFEN¥Y2yA2dzaé 2N ais
GKINY2yeé¢d YAIKG KFEPS 0SSy Y2NB F20dzaSR 2y NBAY

Therefore rein contact might be a more suitable valie to assess horggder communication.

7.4.2.5 The relation of trigger point reactions to previous horse injuries

Horse injuries were related to the sum of trigger point reactions of the right. disieecially with
bilateral injuries the sum of trigeg pointreactions of the right side was higher than with an injtoy
either side alone Since mean peak tension was higher in the right rein in all hicee
combinations(See 7.3 a larger sum ofrigger point reaction might be supported by high rein
tension. Muscle state has been reported as a factor influending NBh&afhdand especially
lameness before Oyson & Murray 20083 Tensed and asymmetric muscle chains lead to

compensative changes in posture and possible overload of structures in handi®rsesyson &
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Murray 2003,Wallden 201). Testingctrigger point reactions might therefore be a measure to

detect and treat possible issues and prevent injuries.

7.4.2.6 The relation of trigger points to body symmetry in horses

Onesidedtail cariage in horses is a situation that is wietlown to many horse owners and has often

been discussed e.g. in common horse riding magazines. However, scientific research isTattarce.
carriageto one sidewas associated with a higher sum of trigger poisaations on the right body

side and horses carrying their tail to the left showed a ladi#erence of lef and right trigger point

reactions These results suggest again that muscle balance might be more important for performance

than the absence ofersitive muscle trigger points. Asymmetric muscles seem to be directly related

02 0KS osteNEoBeltionsldf single trigger pointith tail carriage were very lowHowever,

0KS YdzaOf Sa Y20Ay3 (GKS K2NBSQA tei triggér panS.N6HIl, the2 & A y C
Ol dzaS 2F K2 NA S GoioneGidedidBt hofdaily bié k& rusdles &s /uch. Tension and
asymmetries of muscle chains as a result of osteopathic lediame been reported for humans

before Wallden 201) and mightbe another possible explanation.

The hindquarters were displaced to either the left or right side in both #igteral and leftlateral
horses of the present sampl&¢e 7.3 However, trigger point reactions were not directly related to
laterality or he lateral displacement of the hindquarters, even though muscles involved in lateral
flexion (Budras & Rdck 2017, Kienapfel et al. 2017) contributed to the sum of trigger point reactions
of both sides with different proportions. good muscular stateouldbe affected by a large variety of
influendng factors However, o significant difference of muscle state according to handedness,
equipment, riding style and different attributesf horserider communication waglocumented
indicaing that 1 K S K 2 N&ul&rGystenvhizht also have the ability to compensate negative
influences to some extent. Especially with regard to horsger-communication and the
identification of possible influencindactors for risk of musculoskeletal injury, muscle state and

trigger point reactions should be included in future research.
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7.4.3 Conclusion

7.4.3.1 The incidence of injuries

It seems that musculoskeletal injuries in horses and riders are supported by matching directions of
laterality. The nordominant side mighbe at higher risk imorses whereas the opposite might be

true for riders. Injuries were related to laterality in horgder-combinations and higher rein tension
Sdad gAGK K2NBRS A yd8minddt SdeHoveler, fukiier eMduatiGnsl idargef 2 v

numbers of previously injured individuals and similar equipment are required.

7432¢KS K2NABRSQa YdzaOdzZ I NJ aeaiasSy

vdzl t AG8 2F Y2@0SYSyld aSSvya G2 AyT¥Ff dzSyl@SesuliskoE K2 NA
testing trigger points suggeshat muscular balance isnportant for K 2 NJelth&and performance

as well ador horserider-communication.Muscles which are tensed up asymmetricaiigy lead to

horses being tensed overall, thus adoptirgsymmetric postures, diminishing horseder-

coYYdzy AOFGA2Y |yYyR AYONBlFraAy3a GKS NRA]l 27F Ydza Odz 2
health should be regarded with higher priority in order to improve communication and fodése

health, thus possibly preveribg horse injuries.Rein contact might bea more suitable variable to

assess horsdder communicationti Ky G KS LISNOSLIIA2V AT LINE @8 dzINIBIR &
subjective assessment of rein tension, as well as to increase symrtedryegular use of a rein

tension device for selfontrol during training seems advisablglonitoring rein tension might help to

improwve training andreducethe risk of musculoskeletal injury in horses and riders
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7.5 Other factors that might influence rein tension, symmetry and
performance in horse-rider combinations

7.5.1 Results

7.5.1.1 Rein tension parameters in relation to different riding styles and horse

breeds

Mean rein tension of horses bred for Western riding was lower compared to breedsfeentional

European ridingji.e. a variety of mostly wanblood and pony breedsFigurel01, p<0.0001).

14

12

—
o]

Mean reintension (Mewtan)

Western Breeds Comventional Breeds

Figure101: Comparison of mean rein tension (Newton) in Westgrn50 ridesyersusbreedsfor
conventionalEuropean ridingn=60rides,all p<0.000).

Rein tension of American u@rter Horses was lower and more symmetric in Westeiding,
compared to warmbloodsand other mixed breedqFigure 102, p=0.03) in either Western or

conventianal Europeamiding (Figure103, p=0.0004).

182



— —
5] [ %]

=

Mean reintension (Newton)
(=]

Rein tension (Mewton)

%]

left rein
W right rein T [
T '
0

American Quarter Horse Warmblood Other breeds

Figure 102 Comparison othe symmetry of mean rein tensior{left versus right rein; Newton) in
American Quarter Horsegh=44 rides) warmbloods(n=36 rides)and other breeds (=30 rides,
p=0.03) .1p-values of pairwise comparisons of effect level are available on request.
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Figue 103 Comparison of the magnitude of mean rein tension ové(alewton) in Western breeds
(n=51 rides) breedsfor conventionalEuropean ridingn=48)and horses of mixed breeds=11)in
Western versusonventionalEuropearriding (p=0.0003.

Horses bred for western riding revealed lower spread of tension (p=0.08Ble 13 compared to
breeds used mainly for convention&uropean ridingand mixed breeds ironventionalEuropean
riding. Even though mean tension did not diffsignificantly in Western ridingnean SD was lower

for breeds used mainly for convention&uropean ridingand horses of mixed breeds Western
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riding compared to Western breeds (p=0.00&ble 13 Meantension was most symmetric with any
laterality in American Quarter Horses and most asymmetric in mixed breeds without reported

laterality (Figurel04).

Table13: Comparison of mean standard deviationean spread of rein tension (mean tension of left
rein ¢ mean tension of right ri@) and mean difference of left and right rein tensidde(vton) as
measures to determine stabilignd symmetryof rein tension in Western breedsreeds used mainly
for conventional European ridingand horses of mixed breeds in Western versusventional
European riding'p-values of pairwise comparisons of effect level are available on request.

Number of Mean difference
rides Mean spread of | of left and right
Mean SD (N) | tension (N) rein tension
Western breed in Western ridin¢ 51 2.1+0.1 2.9+0.1 3+04
Conventional breed in Western| 5 2.882.9
riding 1.7+0.5 3.2+0.5
Conventional breed in 43 8+0.5
conventional European riding 2.1+0.1 3.8+1.1
Mixed breeds in Western riding| 3 1.4+0.2 3+0.1 1.742.9
Mixed breeds irconventional 8 8.5t1.5
European riding 2.1+0.2 3.7+0.2
P p=0.003 p=0.003 p<0.0001
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Figure104 Comparison of mean tension in the left and right fefNewton) of Western breedé=51rides) breeds used mainly for coemtional European
riding (n=48 rides)and mixed breed¢n=11ridesh y NBf I G A 2y { 2latekatyNGll S<Q@0IRA NBOG A2y 27T
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7.5.1.2The magnitude and symmetry of rein tension in riders performing additional

sports

Rein tension revealed a smaller spread of tension in riders whie w&etive in equitation only
(35.4£7.5N vs.48.9+8.8N additional sports, p=0.04@Mean standard deviation as a measure to
determine stability of rein contaas well as mean rein tensiafid not reveal a significant difference

between riders who were activia additional sports vs. equitation only (p>0.05).

7513¢KS YI3AyAddzRS FyR a@8YYSUNE 2F NBAY

with the horse

Riders who were unfamiliar with theespectivehorses applied less mean tensioRigure 105,
p=0.0®) and more symmetric tension (mean difference of left and right rein tensiogure105,
p=0.02) than riders who were welhicquainted with their horseTime shift was lower in familiar
horserider combinationgoo (0.02:0.03sec. vs. unfamiliar: 0.@®.07sec., p=0.005Mean sandard
deviationas a measure to determine stability of rein contaatl not reveal a significant difference
betweenwell-acquainted horseider combinationsand riders who wereinfamiliarwith their horse
(p>0.05).

12 _
® Mean tension

Mean difference of tension

—
—

[=a)

e

Reintension (Mewton)
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a2

Well-acquainted Unfamiliar

Figure105. Comparison of mean rein tension (Newtail p=0.08) and mean difference of left and
right rein tension (Newton,all p=0.032 as a measure to determine symmetry betweevell-
acquainted horseider combinations(82 combination¥y and riders who were unfamiliar with their
horse(24 combinations.
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magnitude of their own rein contact

WARSNE FaasSaaAiay3a KSAEN RIGR AORR/SIS Khéa rairBighasRAEANEY (af (ENI
mean tension) compared to strong or light contact (Table Rigure106, p<0.0001). No significant
RATFSNBYOS 2F YSIy aidl yRIFINR RS@A lodmirgn/contaéh@2 NRA y 3
found (p>0.05).Rein tension wa2 & a&@YYSUNARO gAGK O2yial OG | aas:
YSRAdzY 2NJ aGNRy3a O2y il OGd wSAy O2yidlOG GKIFG o1 a
(Figure 106)¢ KS a0 NRBY3ISNI NARSNDE FaasSaasSR GKSANI 2y O2

and the higher mean and mean peak tenswere recordedTable 12 p<0.0001).

35

B Mean rein tension

30~ mMean peak tension
o5 Mean difference of left and right rein tension
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Rein tension (Mewton)

Figure106: A comparison of rein tension parametéd b Sg i 2y 0 A GK (G(KS NARSNRA
own rein contact overall9d rides with snaffle its andbitless bridles mean tension p=0.0007, mean
peak tension p<0.0001, mean difference of left and right rein tension p=p.001
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Tablel4! O2YLI NR &2y 2F NARSNDA | aas pandsyiihsnaffle biis &n8 hitheds BridlgapdNddlagion @ 2hginhan@eiiness @S NI
FYR GKSANI K2NBRSQa fF0SNIfAGR 6A0GK NBAY (Syairzy LI NIYSGSNBR obSgizyo

Mean peak Mean difference of Spread of
WA RSN A | & Number of
their own rein contact| rides
overall Mean tension (N| tension (N) left and right rein tension (N) tension (N)
Light 40 8.2+0.8 15741 4.7+0.6 28.1+8.8
Medium 34 9.5+0.8 16.9+1 6+0.6 29.748.9
strong 19 10.1+1.3 20.1+£1.6 5.8+0.8 53.4+10.5
very strong 1 21.845.5 27.76.4 10.613.5 55+29.6
P 0.007 <0.0001 0.001 <0.0001
wARSNRa | a
their own rein contact
with left-lateral horses
light 14 9.8+1.3 17.3£1.6 5.7+0.8
medium 14 11.2+1.3 18.2+1.6 8.4+0.8
strong 7 16.6+2.8 30.1+3.3 8.3+1.8
very strong - - - -
wARSNRA | a&
their own rein contact
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with right-lateral

horses

light 20 7.7+¥1.2 13.8+1.5 3.7+0.8
medium 17 8.9+1.2 18.2+1.6 5.5+0.8
strong 11 9+1.5 17.3£1.8 5.8+1
very strong 1 21.3#4.1 27.7+5.8 10.8+2.5
wA RSNRA lo&

their own rein contact

with horses without

laterality

light 6 12.2+2.3 19.7+2.6 7.9+1.5
medium 3 9.7£2.3 16.1+3.4 5.2+¢1.5
strong 1 6.9+3.4 12.3+4.3 4.1+2.4
very strong - - - -

P 0.039 0.0002 <0.0001 >0.05
LeftK Y RS R

assesment of their

own rein contact

light 8 10.9+1.8 17.5+2 4.6+1.1
medium 7 12.5+1.8 21.1+2 8.3+1.2
strong 4 8.6+1.8 17.6+3.2 4.7+1.6

very strong
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Righ-K I Yy RS R
assessment of thei

own rein contact

light 32 8.3x1.1 15.2+14 4.8+0.7
medium 24 9.6+1.1 16+1.5 5.7+0.7
strong 14 11.2+1.5 20.8+1.8 6.3x1
very strong 1 21.3+3.9 27.7+6.3 10.6x£3.5
Ambidextrous NJ& R

assessment of thei

own rein contact

light - - - -
medium 3 7.2£3.7 15.2+1.1 3.5+2.3
strong 1 14.3+4.4 22.1+6.3 5.9+3.5
very strong - - - -

P 0.03 0.03 <0.0001 >0.05
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wS3IFNRAY3I (GKS K2NESQA fFOSNIrfAdGeZ NARSNE 6SNB |
tension for leftlateral horses but showed difficulties in differeniidd y 3 0SG ¢SSy @& & i NP
GYSRAdzY¢é O24y6ISNI Ay KRNHR&ED® a[ ATKGE NBAYy O2yidl Of
gl a aasSaaSR Ay 02 NNEGd(Tabled Fgurel@ & MB)yREid tensighRealdA O S

of left-lateral horses withdt & G NRBy 3¢ NBAY O2y il OG 6SNB | Oldz £t @&
contact (Figure 108)in horses without reported laterality, rein tension was more symmetric, the

stronger the rein contact was perceived by the riders (mean difference of left andraghtension,

Table 14).

30

25
=
=]
§ 20
= -|- Left-lateral
2 15 ® Right-lateral
= I
5 )
= T no laterality
E 10 T T
: |
k]
= 5

0

light medium strong very strong
Figure107: A comparison of mean reintensibdn b Sg 2y 0 A GK G(KS NARSND&a |

NBAY O2yial Ol Ay NBflFGA2Y (2 GKSAN K2ZNRSwWd SN
sndfle bits and bitles$ridles p=0.039.
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Mean peaktension (Mewton)

[y

Figure108 A comparison of mean peak reintenstanb Sg 2y 0 6A0GK (GKS NARSNDaA
26y NBAY O2yilOG Ay NBEFGA2Y (2 (KSKNYdDWitE SQa f |
snaffle bits and bitleskridles p=0.0003.

Righthanded and ambidextrous ridemssessedheir own mean reintension appropriatelyFigure

109). In contrast left-handed ridersshowed mismatching assessments of their own rein con&ct. (

theft AIKGSad YSIy GSyaiazy éla F2dzyR 6AGK ,NgukSNDa |
109, p=0.@08). Regardless of their handedness, all riders assessed their own mean peak tension

appropriately Table 14 p=0.().

28
= 20
(=]
: W
[k
=z
‘g 15 » Left-handed
= m Right-handed
g 10 Ambidextrous
< I
5
= 5

]

light medium strong very strong

Figure109: A comparison of mean rein tensiba b S g G 2 y 0 ¢ A asdessietSDf thedk dvB NI &
rein contact in relation to their handednes@4(rides with snaffle bits and bitless bridles0.().
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7.5.1.5 Rein tension parameters in relationtd KS NARSNRa [aasSaavySy

Performances perceived as symmetric showed higher mean tefiSignre110) and larger spreadf
tension than asymmetric performances (spread of tension: symmetric= 42.3+5.7N versus
asymmetric= 36.2+4.9N, p<0.0001). Eptder horses without reported laterality, mean rein tension

did not differ between symmetric and asymmetric performancegrel10) and the quantitative
asymmetry (i.e. the mean difference of left and right rein tension) was actually higher in rides

described as asymmetrid-{gurelll, p=0.04.

35
30

25

20 Left-lateral

m Right-lateral
‘ no laterality
0

symmetric asymmetnc very asymmetric

1

(g

1

[ ]

Mean reintension (Newtan)

[ ]

Figure110: A comparison of mean reintensibd b Sg G2y 0 A GK GKS NARSNDRa |
NARSQ& ad4@YYSGNER 2F NBAY (Syairzy Ay NBR&FGRrRAYPaaYSY
2F (GKS K2 Nk ®riles aitzsilaltleDislarid bifeSs bridles0.(8)
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Mean difference between
leftand right reintension (Mewton)
[y ]

L
T Left-lateral
-|- m Right-lateral
| no laterality
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Figure11l: A comparison of the mean difference of left and right rein tenSidtewton) with the
NARSNRAa | aasSaik YWYRS @5F AKSYSIINE 2F NBAY (GSyaiazy
0FaSR 2y (0KS NX RISsNuasnalé bitSaadsbMeSs/biidle&0.04)

7516 wSAY (GSyairzy LI NIYSGSNR Ay NBtFGA2Yy 0

their own rein contact

Mean rein tension (p=0@D5) and mean peak tension (p=0%) increased with decreasing stability of

rein contactoverall as assessed bye riders Figurel12). The spread of rein tension hardly differed

between stable and unstable rei®@2 y (i OG> o6dzi ¢+ a RAaGAyOGfe& €I NB:
dzy a6t Sé¢ O6CATdzNBE mMmMoODd wSAYy O2yial Ol 61 a Y2NB | a
stable (Figure 114).
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Figurel12wA RS NI a

Spread ofrein tension (Newtor)
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stable

Figurell3wA RS NI a
bitless bridles)n relation tothe spread of rein tensiorp&0.0001) different letters indicate a
significant difference at p<0.05

unstable®

|

very unstable

I & & S ality ¥t $hirlowrrd@in cdnka&94 sided wath snaffle bits and
bitless bridles)in relation to mean rein tensionNgwton, p=0.M05, *p<0.05, all other pairwise
comparisons p>0.05and mean peak tensionNéwton, p=0.M5, * p<0.05, all other pairwise
compaisons p>0.0b

unstable

F3484aYSyl

27

very unstable

0 K S94 &déd witthshakflé lits aAdF
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—& —&
= %]

oo

Mean difference between
leftand right reintension (Mewton)
(g ]

stable * unstable * very unstable

Figurell4wA RSNRA& FaaSaavyYSyid 27 (K S94adedwitthshakfléldits addF (G KS A
bitless bridles)n relation to the quantitative symmetry (mean difference of laftd right ren
tension, p=0.02 * indicate a significandifference at p<0.05all other pairwise comparisons p>0.05

Except for horses without reported lateralitynean tensionincreased with decreasing stability of
rein contact forleft-lateralandright-lateralhorses Figurell5, p=0.00®). The same was observed in
left-handed, righthanded and ambidextrous riderBigurel116, p=001). Spread of tension was larger
F2N) dzyaidlofS O2ydal Ot Ay NBtFdAz2zy G2 NARSNI KFYyRS
qdzF RNHzLX SR F¥2NJ O2y il Ot LISNODSASR & GaBSNEB dzyaidl o

25
Left-lateral

20 m Right-lateral
= no laterality
=
[k
Z 15
5 L
2 T
2 10 I [
a
=
@
- '
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stable unstable very unstable

Figure 115 A comparison of the mean rein tensfba b Sg G2y 0 A GK (GKS NARSNDaA
adlFroAtAde 2F NBAYy GSyairzyeAirgl BEBRI & )2y K$aidkAh RS NRA K
with snaffle bits and bitless bridleg+0.00(®)
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stable unstable very unstable

Figure116: A comparison of mean reintensibd b Sg 2y 0 A GK GKS NARSNDRA | &
of rein tension in relation to thir own handedness9é rides with snaffle bits and bitless bridles
p=0.a)
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Left-lateral Right-lateral no laterality

Figure117: A comparison of the spread of reintenstanb Sg i 2y 0 A GK GKS NARSNDS3
stability of rein tension in relation to their hor€ea f | @4&rMés twihiisBaffled bits and bitless
bridles p<0.000).
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Figure118 A comparison of the spread of reintenstanb Sgii2y 0 A GK (GKS NARSNDS
stability of rein tension in relation to their own haedness 94 rides with snaffle bits and bitless
bridles p<0.000).

z

Ly K2NBSa gAGK GKSANI KAYRIdzZ NI SNE Rt WislodB R (2
FYR 2&FGloaf S¢ O2y il OG KAIKSNI I a 2 LlJAckHe Rft @idgirel RA a L.
119, p=0.0®8). The highest mean tension was recorded in horses with their hindquarters displaced

to the left and rein contact that was assessed as very unstable (Fig@ye 11

20
=
(=)
E 15
3k}
z
= stable
(=]
® m unstable
S 10 T
= W very unstable
5 T
[
s 5
=

0

Left-displacement Right-displacement *

Figure119 A comparison of mean reitension (Newton) in horses with their hindquarters displaced
SAGKSNI £ STU 2N NARIKG G2 G§KS NAR$SNEESwith snaffe dbits YSy 0 ;
and bitless bridlegp=0.0M8, *p=0.00® for effect levels witn right-displacementall otherpairwise

comparisons p>0.05
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Mean rein tensiorin relationd 2 G KS NA R SoNdxgnitudeiod rSid containtréasedmore
in horses with deft- displacemen{Figure120) compared to horses with a righdisplacement of the
hindquarters(Figure120, p=001). Very strong rein tension was only perceived in horses with their

hindquarters displaced to the right and resulted indeed in the highest tension (FigQye 1

30

25
=
=]
E 20
= light
E 15 medium
E W strong
% 10 . T “ very strong
5 Tl
[ak]
= 5

0

Left-displacement Right-displacement

Figure120: A comparison of mean rein tensibNewton) in horses with their hindquarters displaced
SAGKSNI £t STli 2NJ NRAIKG G2 G§KS NARS NRrAdeslwihisie YSy i
bits and bitless bridleq=0.01).

Factors such as ageex lateral displacement of théindquarters direction of mane, forelimb
preference and former injuries in horses and riders did not influence rein tension or relate to

laterality (all p>0.05).

7516wWSAY G(GSyaAazy LI NI YSGSNER Ay NBflFGAZ2Yy @
of the test ride

SNBIR 2F (Syaazy 6Fa&8 KAIKSalG F2NI NARS&a RSAONROSH
perceived as tensed (harmonious: 37.2+2.5N, very harmonious: 36.5+2.8N, tensed: 30.5+2.3N,

L¥ ndnnnmo® [ 2y 0dEE Ay RG BSNGENBidedNaKxMNBRRlY dsfeszadias
GadlrotSe¢g oYSIYY @(popKimsbod ®@n @ givwdme D LIIYVROBOMM0O Ja ®
GOSWBOHDOE S¢ O6MT Popp Py b0 |y R dayEK{I N2 I A 2dnidés 2 gNg Byl Sy
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7.5.2 Discussion

7.5.2.1 Rein ¢nsion parameters in relation to different riding styles and horse

breeds

Horses bred for Western riding revealed lower and more stable rein tension in both riding styles
compared to warmbloods or other breedi. might be hard to differentiate the influae of the

riding style and breed. Stillspecially in American Quarter Horses, rein tension was lower and more
symmetric as opposed to warmbloods and mixed breddw aim of Western horse breeders and

breed associations worldwide when it comes to thed NB SQa&a I+ AGa Aa (G2 o0NBSR
AK2gAy3 tAGGES AYLIzZ aA2y 6!vIi!ly 5vIilor gKAOK Aa
K2NBRSQa SySNHE& 6KSyYy ¢ 2 NJ.Myrses ed fol conMantigr@iropeah f R &
riding such asvarmblood breeds however, are supposed to show movement patterns with impulsion

and active front limbs (Miseler 1933, Miesner et al. 2000). Since rein tension values seem to be
NBfFGSR (2 &LISSR I yR {KSPreisehsfhi 1994, b Ricthelioifetght 2 T Y 2
ONBSRAY3 [AYAa YR GKSANI NBadzZ GAy3d RAFTFSNBYOS Ay
different rein tension values can be found between different horse breeds. Additionally, when it

comes to symmetry, American Quarter Horsesdusar reinng seem to be less lateralized thie

population basis Whishaw 2015, Whishaw & Kolb 2017), even though most horses performed

individual tasks better in one direction than the oth&viishaw 2015) and lateralized behaviour on

different levels sah as leg preference has been document&iniscalchi et al. 20}4 Since a

preferred side for bending has been declared for almost every American Quarter Horse by their rider

in the present study and still hors@er-pairs of this breed produced more symetric rein tension

patterns than other horseider-O2 YOAY | A2y a NB3IFNRfSaa 2F GKS ¢

handedness, the present study seems to support these previous results.

7.5.2.2 The magnitude and symmetry of rein tension in riders perforgadditional

sports

Rein tension ofiders who were active in additional spodgl not differ from thosevho were active

in equitation only. Additional sports are commonly discussed and recommended among riders for a

balanced training and improvement ok&lth and performance. The present results do not support

this hypothesisFurthermore riders who were active in equitation only applied a lower range of rein

tension suggesting improved coordination whereas the majority of additional sports the present
200



participants have chosen seem to aim to improve strength and stamina instead of coordination.

However, a larger sample might be needed for investigation.

7523¢KS YIF3AyAlddzRS YR a@YYSUNER 2F NBAYy S

with the horse

Smilar to previousresults (Kuhnke et al. 2010), ridersho were unfamiliar with the horse ridden

during the session applied less mean tension more symmetrically compared to riders participating

with horses they ride on a regular basis. The reason belfiatremains unknown. It seems possible
0K2dzZ3K GKFG dzyFFEYAEAFNI NARSNAR Ol Y2NB OF NBFdzZ f «
as well as riders wharere familiar with the horse anohight have focused more on the performance

of the actual tak. Furthermore, riders were reported to perform differently with unfamiliar tack e.g.

saddleseven without the influence of a hors8igu & Debrils 2016

7524wSAYy GSyaiazy LI NIYSGSNE Ay NBflFGAzZ2Y

magnitude of their ownrein contact

In the present studymostriders were able to assess the magnitude of mean and peak rein contact

overall appropriately on a subjective basis. However, riders showed more accurate assessments
when it comes to peaks as opposed to mean tensifficulties of riders tocorrectly assess their

own rein contact during equitation and on a model horse have been reported beRishlecker

2007, Clayton et al. 2013, Hawson et al 201With rein contactperceived asa & G 0 f Sé¢ ¥ NAR
perception of the magnitude of contact showed little difference in actual mean tension. Riders
AaSSYSR (2 KIFI@S AYRAQGARdzZ f AYyGSNIINBGFGA2ya 2F (K
contact, which actually did not differ in magnitude fiaght-lateral horsesandd f A I K{i ¢ 2 NJ & YSR
contact, which inleft-handed riderst Ol dz t t @8 &aK26SR KAIKSNI YI IyAilddzR
Differences in rein tension were reported between types of rein and materials (Randle et al. 2011).
However, the same pair of reins was ugedeach riding style. The reason behind these deviations of
perception and actual tension might therefore be the applied grip force. Differences between left

and righthanded participantsKlanagan 1996, Flanagan & Wing 1997) and their perception of thei
dominant vs. nordominant hand (Weber 1978) have been reported before and might be a result of

human handedness.
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7525WwSAY GSyaArzy LI NFYSGSNER Ay NBflFOGAZ2Y

Rides described by the riders as symmetric showed higlean tension and less stability (tension
spread more widely). However, this did not seem to be directly relatell £ NHa@@ldly as only
horses without reported laterality showed a difference in rein tension between symmetric and
asymmetric rides. Qantitative asymmetry (higher mean difference of left and right rein tension) was
indeed larger in asymmetric performances with all directionsKa? NHag&@ldy and might be a

better indicator for the assessment of asymmetry than meapeaktension abne.

7526WSAY (GSyaAizy LI NFYSGSNER Ay NBfIFOGA2yYy

their own rein contact

Except for horsesvithout reported lateraltyNS Ay GSyaizy AyONBFaSR gAGK
instable rein contact. This result supt® previous findings of lower rein tension being related to

more stability ¢hapter §. Riders perceiving their contact as instable might apply more tension in
order to create more stability, however, in doing so further decreasing stronger and lesstable

rein contact was revealed with Iekaterality in both, horses and riders, compared to ridgieral
individuals. Ambidextrous riders seem to be more comparabliefbhanded ridersoverall, which

might support the previous findings of similar amNages of bothleft-handed and ambidextrous

riders(chapter 4.

7527wSAY GSyaAazy LI NF¥YSIGSNAR Ay NBtFGA2Yy 0
of the test ride

G! YKENY2yA2dzaé NARSa gSNB NBfIFGSR (2 yRaNMA RINIDX
assessment of instable rein tensionony)l N2y eé¢ 2F GKS NARSNBE& & LISRDS I
of stable rein contact. However, rides with stable and light contact were perceived as either very
harmonious or very unharmonious, indicatiigk I & G KS LISNODSLIIA2Yy 2F aKI NY
and mostly reflects the impression of the stability and magnitude of rein contact. Since riders often
showed inaccurate assessments of their own contact in the present study as well as in previous
reseach{ G F Kt SOTSNI vannts /fFed2y SiG td® wnmoX | gazy

ride seems rather subjective and unreliable.
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7.5.3 Conclusion

7.5.3.1 Rein tension in relation to different horse breeds

American Quarter Horses showed almegimmetric rein tension regardless of their own laterality or
therNA RSNRA& KIFyRSRySaas a&dzLJLJ2 Miihegoaulatiioi EasiskcéntlitiédK S & A &
in previous researchzven though the positive effects of the Western riding style caneogritirely
separated,rein tension of Westertbreeds is lower and more stablepgsibly due to their breeding

aim of flat gait patterns with little impulsian

7.5.3.2 Rein tension in relation to familiarity of the horsgder combination and

additional sports

Riders who are unfamiliar with the horse might apply rein tension more carefully until they are able
to anticipate the reaction of their horse betteAdditional sports might not benefit equestrian

performance, especially if they improve muscle sgth rather than coordination.

TOpdodo ¢KS NARSNNA FaasSaavySyid 2F KAaAkKS?!

Quantitative asymmetry was larger in performances perceived as asymmetric with all directions of

K 2 NHafeflity and might be a better indicator for the assessimmef asymmetry than mean

tension alone. The stability of rein contact seeno be directly related to the magnitude of rein
tensionand maR St A ASNJ Y2NBE NBf Al o6tS NBadz#Z t6a 6KSy AdG 02
own rein contact. Riders showedore accurate assessments when it comes to peaks as opposed to

mean tension and seemed to have individual interpretations of the magnitude of tenSioa.

harmony of a ride seems to reflect the impression of the stability and magnitude of rein contact and

delivers rather subjective and unreliable results.

203



7.6 Rein tension parameters in relation to the type of equipment used for
communication and different ways of rein handling

7.6.1 Results

7.6.1.1 Rein tension parameters in relation to the type ofgeipment used for

communication

Mean rein tension(p<0.0001) mean peak tensiofp<0.0001)and the mean difference ofleft and

right rein tension as a measure to determinquantitative asymmetryof rein tension(p<0.0001)

varied according to the differertypes of bits used in the sample of atles Figurel21). With mean

NEAY (Syairazy O2y@SNISR G2 GKS | Y2 dzyoithebfidgd dlB a & dzNF
0KS K2NESQa y2aS 6AGK o0AGf Saa da NGt dieDéweencd y 3 S NI ¢
bits and snaffle bits (p=0.05). Converted meaak tension was highest with bitless bridles as well as

snaffle bits and lowest with curb bit&igure 121p<0.0001).

50
45
40
= 35 .
% 30 Mean tension |
Z m Comverted mean tension
5 25 B Mean peak tension
E 20 B Corverted mean peak tension
.;E: 15 Mean difference of tension
= 10
5
0

bitless curb bits snafle bits

Figure121: Comparison of/ariousrein tensionparameters (Newton) in relation to the equipment

used for communication.Bitless: n=3, curb bits: n=16, snaffle bits: 8=Barameters have been
compared for the different types of equipment within each parameter; Mean peak tension= mean of
tension peak only; Converted rein tension = rein tensiwwas converted into the amount of pressure
SELISOGSR G GKS K2NESQ&a Y2dziK gAGK GKS &LISOATAO
by Preuschoft 1990 -8, converted mean tension:>0.05) 'p-valuesof pairwise comparisons of effect level are

available on request.
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7.6.1.2 Rein tension parameters in relation to different riding styles

Many riders used equipment that was comparable between the different riding styles (Tables 15 and
16, Figures 554). Regardless of the type of bridlejdher mean tensiowas foundin conventional
European ridingvith snaffle bits compared to snaffle bits and in particular jointed curb bits (snaffle
with shanksand correction bit)as well adixed curb bits in Wsternriding Figurel22 p<0.0001).
Mean tension differed forconventionalEuropean ridingout not Western riding between single

jointed and doublgointed snaffle bitsFigurel23, p=0.001).

Tablel5: Overview of the types of bits usedttv both riding styles

Type of bit Western | European

Snaffle bit (singlgointed) 16 16
Snaffle bit (doublgointed) 18 18
Mullen mouth bit 0 1
Bitless (LG) 0 3
Fixed curb bit 3 0
Jointed curb bit (correction) 5 0
Jointed curb bit (snaffle with sh&n) 8 0

Tablel6: Overview of the types of bridles used with both riding styles

Type of bridle Western | European

Cavesson 12 12
Flash noseband 0 15
Drop noseband 0 2
Grackle noseband 0 4
No cavesson 38 5
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Figurel22 Mean rein tension (Newton) with regard to different bits used (p<0.0001). In Western
riding all types of bits have been used, whereasventionalEuropearriders chose snaffle bits only
different letters indicate a significant difrence at p<0.05
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" single-jointed
12- b » double-jointed
g 10- |
5 : ﬂ
=
£ !
€ 6-
=
@
s 47
=
24
0-

European Western

Figurel23 Comparison of mean rein tension (Newton) with singled doublejointed snaffle bits in
conventionalEuropean ridingind Western riding (p=0.001). Riders used the bits that they chose for
their horses and use on a regular basigferent letters indicate a significant differeneg p<0.05
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7.6.1.3 Rein tension parameters in relation to differemombinations ofbits and

bridlesused in bothriding styles

Mean tension (p<0.0001jneanSD (p<0.0001)mean peak tension (p<0.0001), the mean difference

of left and right reintension (p=0.01), as well as convert@e. rein tensionwas converted into the

FY2dzy G 2F LINBA&adz2NB S E L)S@énS(px0.000l) afddknSean pealleSsdi Y 2 d:
(p<0.0001) diered significantly between the different bits used in both riding styles (TahlEigure

124). Mean peak tension was higher than mean tension with all bits, however, with converted
tension mean tension was higher than mean peak tension with bitlesebridoublejointed snaffle

bits, snaffle with shanks and correction bits.

Mean tension (p<0.0001), SD (p=0.004), mean peak tension (p=0.001), the mean difference of
tension (p<0.0001), as well as converted mean (p=0.026) and mean peak tension (p<0ibe&D)
significantly between the different bridletypestoo (Table 8, Figure125). Meanpeak tension was
higher than mean tension with all bridlégpes Converted mean tension was higher than converted

mean peak tension for all bridles except graagkisebands and rides without a cavesson.

Mean rein tension also varied between combinations of bits and bridles. It was lowest for curb bits
with or without a cavessomnd grackle nosebands combined with snaffle bits compared to other
combinations of sndlle bits with different cavessons (e.g. no cavesson, French cavesson, drop
noseband, flash noseband; Table Fgurel26, p<0.0001). Converted mean and converted mean
peak tension was higher iconventionalEuropean ridindor snaffle bits with or without cavesson
compared to Western riding (Table 1Bigure127, 28 & 129). Mean SD was lower for double
jointed snaffle bits in comparison to singl@nted snaffle bits with bridles restricting jaw opening
(Table 19Figure130).
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Table17: Comparison of rein tension parameters overall (Newton, all daitgelation to different bits used inonventionalEuropean ridingind Western
riding. Rein tension was compared between the different types of equipment within each panarfddean peak tension= mean of tension peaks only;
Converted rein tension = rein tensignl a
factors previously published by Preuschb®0ac; Mean SD= mean standard deviation as a measure of stability of rein coriaet)ies of pairwise comparisons of

effect level are available on request.

O2y @SNISR Ayidz2

iKS

I Y2dzyi

27

A = 4

Mean peak Converted mean | Converted peak Mean difference

Number of| Mean

horses tension (N) | Mean SD (N) |tension (N) tension (N) tension (N) of tension (N)
bitless 3 12.2+2.5 9.8+1.7 22.7+3.1 37.4+7 32+4.2 6.6+£1.7
Singlejointed snaffle bit (Western) 16 8.311.1 5.4+1 15.4+1.5 14.6+3.2 21.4+2.2 4.5+0.7
Doublejointed snafflebit (Western) 18 6.9+1.4 6.8+1.1 16.6+1.7 24.7+4 23.1+2.5 5.1+1
Singlejointed snaffle bit (Conventional| 16
European 10.8+1.1 |8.9+1 20.7+1.5 18.9+3.1 28.3+2.1 5.8+0.7
Doublejointed snaffle bit (Conventiong 18
Europea 12.9+1.1 10.2+1 22.9+1.5 46.243.3 33.3£2.1 8+0.8
Mullen mouth 1 17.3+4.6 14.4+3 27.445.6 20+13.3 38.3£7.7 8.6+£3.2
Bit 3 3.1+2.8 3+2 12.5+3.5 17.7+8.2 17.3x4.9 1.7£2
Snaffle with shanks 8 4.2+1.9 3.6x1.4 11.4+2.3 33.315.4 16.1+3.3 2.4+1.3
Correction bit 5 3.3x2.3 2.9+1.6 12+$2.9 23.616.7 16.7+4 2+1.6
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.001
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Figure124 Comparison of rein tension parameters overall (Newton, all dditselation to different bits used isonventional European ridingnd Western riding. (Mean
rein tension p<0.0001; Mean peak tension= mean of tension peaks only p<0.0001; Converted rein tension = reiwsésnsiowerted into the amount of pressure expected
G GKS K2NERSQa Y2dziK ¢AdK fickrsS prévibiSguiishél byi Rrduithof2 Me0aohvierted rie@rRtéhBlon:yp30.0862converted peak tension
p<0.0001Mean SD= mean standard deviation as a measure of stability of rein contact p=0.004, Mean difference of left and rigisioaip+6.01
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Table18: Comparison of rein tension parameters overéilewton, all gaits) in relation to different bridles usedcomventional Europearidingand Western
riding. Rein tension was compared between the different types ofimgant within each parameter. (Mean peak tension= mean of tension peaks only;
Converted rein tension = rein tensignl & O2y @SNI SR Ayidi2z GKS IY2dzyd 2F LINBaadaNBE SELISOGSR i

factors previously publsed by Preuschoft990ac; Mean SD= mean standard deviation as a measure of stability of rein contact).

Mean peak Converted mean Converted peak | Mean difference
Number of horses | Mean tension (N) SD (N) tension (N) tension (N) tension (N) of tension (N)
Cavesson 21 8.7+t1.1 6.4+1 16.8+1.6 27.4+3.9 23.4+2.2 4.8+0.7
Flash noseband 15 15.3+1.4 10.8+1.2 24.8+1.9 40.7+£4.9 35.7+2.6 9.6+0.9
Drop noseband 2 10.8+3.4 10.5+2.6 20.3+4.4 39.3+12 28.4+6 7.9+2.3
Grackle noseband 4 9.2+2.1 8.2+16 19.2+2.9 23.3£7.2 26.9£3.9 5.9+1.4
Bitless bridle (with |3
cavesson) 11.6x2.6 9.1+1.9 22.243.5 34.4+8.7 31.1+4.7 6+1.7
No cavesson 43 6.9+1 6.5+0.9 16x1.4 22.3£3.4 22.4+1.9 4.2+0.6
P 0.004 0.05 0.03 0.02 0.02 0.01

210



Mean tension
m Comverted mean tension
®m Mean peak tension

50 m Comverted peak tension
Mean SD
A0 Mean difference of left and right
= rein tension
=)
z
z 30
5
w20
=z
= T
£ 10 T T
o T T T T -
0
Cavesson Flash noseband Drop noseband Grackle noseband Bitless bridle Mo cavesson

Figure125: Comparison of rein tension parameters over@lewton, all gaits) in relation to different bridles usectanventional European ridingnd Western riding. (Mean

rein tension p<0.0001; Mean peak tension= mean of tension peaks only p=0.001rt€dmea tension = rein tensiowas converted into the amount of pressure expected at

GKS K2NBRSQa Y2dziK 6AGK (KS ALISOATAO GeL)S 27T ocall p<d0.000eER SDE Tean fandald GavigtidiEas d deEsd A 2 dza
of stability of rein contact p=0.001, Mean difference of left and right rein tension p<0)0001
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Figurel26: Mean rein tension overall (Newton) with different combinations of bits and bridles (p<0.0dif&yent letters indicate a significant difference at
p<0.05
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Table 19: Rein tension parameters overa(Newton, all gaits) with different combinations of bits and bridlesémventional Hropean ridingand Western

riding. Rein tension was copared between the different combinations of equipment within each parameter. (Mean peak tension= mean of tension peaks only;
Converted rein tension = rein tensiagnl a

O2y PSNISR Ayidz

iKS

FY2dzyi

27

factors previously published by Preuscht®90ac; Mean SD= mean standard deviation as a measure of stability of rein contact).

Mean peak Converted mean| Converted peal Mean difference
Number | Mean tension of left and right rein
of horses| (N) MeanSD (N) | tension (N) tension (N) tension (N) tension (N)
snaffle with shanks& |2
no cavesson 5.9+2.8 54+2.1 14.2+3.7 47.8+8.8 19.9+4.9 4.2+2.1
Bit &no cavesson 3 3.2+2.4 3+1.9 12.6+3.2 17.9+7.6 17.6+4.3 1.8+1.8
Carection bit & no|4
cavesson 2.9+2.2 2.8+£1.9 13+3 20.6%7.1 18.3+3.8 1.8+1.7
singlejointed  snaffle 10
bit (Western) & no
cavesson 6.5+1.2 5.3+1.1 14.2+1.8 11.6+4 20.1+2.4 3.2+0.9
doublejointed snaffle 18
bit (Western) & no
cavesson 6.8+1.1 6.8+1 16.5%+16 24.8+3.5 23.1+2 5.1+0.8
bitless bridle 3 11.8+2.1 11.2+1.6 22.9+2.8 36.7+6.7 31.7+3.8 6+1.7
mullen mouth & no|1l 17.3¥3.9 14.4+2.9 27.4+5.1 20+12.3 38.4+6.8 8.6x2.9

7 A o~
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cavesson

singlejointed  snaffle

bit (European) & no

cavesson 7.4+1.4 6.2+1.5 15.4+2.3 12.4+4.7 21.7+3.1 3.7+1
doublejointed snaffle

bit (European) & no

cavesson 13.9+3.2 15.8+2.2 29.4+4.3 49.9+10 41+5.8 5.9+2.7
Correction bit &

cavesson 3.3£3.9 2+2.6 8.4+5 25.5+11.9 12.2+6.8 1.6+2.9
snaffle with shanks&

cavesson 3.3£1.8 2.3£1.6 9.5+£2.6 27.65 13.6£3.2 1.6+x1.4
singlejointed  snaffle

bit (Western) &

cavesson 5.4+1.7 4.3+1.4 12.4+2.3 9.9+5.4 17.4+3 2.7+¥1.3
singlejointed  snaffle

bit  (European) &

cavesson 10.9+1.6 8.2+1.3 20.8+2.2 22+5.2 29.4+3 7.3x1.2
doublejointed snaffle

bit  (European) &

cavesson 13.9+1.7 9.5£1.3 23.4+£2.3 49.7+£5.3 32.6£3.1 7.4+1.3
singlejointed  snaffle

bit (European) &flash 17.3£1.6 11.4+1.3 26.2+2.2 27.55 35.8+2.9 8.8+1.2
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noseband

doublejointed snaffle

bit (European) &flash

noseband 14.3+1.4 10.8+1.2 24.2+1.9 51.4+4.4 36.5+2.6 10.7+1.1
doublejointed snaffle

bit (European) &drop

noseband 10.8+2.7 10.6x2.1 20.4+3.7 39.3+8.8 28.5+4.9 7.912.1
singlejointed  snaffle

bit  (European) &

grackle noseband 12.9+2.6 11.7+2 25.51£3.5 16.6+8.4 35.514.7 6.91+1.8
doublejointed snaffle

bit  (European) &

grackle noseband 7.44£2.3 6.7£1.7 15.5+3.2 28.417.4 21+4.2 4.1+2

P <0.0001 <0.0001 <0.0001 0.0031 <0.0001 <0.0001
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Figure 127: Rein tension parameters owat’ (Newton, all gaits) with different combinations of bits and bridles without cavesson in Western riiig.tension was
compared between the different combinations of equipment within each parameter. (Mean peak tension= mean of tension pgakseetted rein tension = rein tension

gl a O2y@SNISR AyG2 GKS FY2dzyd 2F LINB&&dZNB SELISOGSR ledoudlypdlishies iy Rchoft Y@M ekn ¢ A G K
SD= mean standard deviation as a measure ofilgtabf reincontact all p<0.0001, converted mean tension: p=0.p03
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Figure128 Rein tension parameters ovefa(Newton, all gaits) with different combinations of bits and bridles without cavessoarimentional Europeanding riding. Rein

tension was compared between the different combinations of equipment within each parameter. (Mean peak tension= mearoofgteaks only; Converted rein tension =

rein tensionwas converted into the amount of pressure expected at th&lBoS Q& Y2 dziK A GK GKS aLISOAFAO GeLlsS 2F oAd OO
1990ac; Mean SD= mean standard deviation as a measure of stability of rein comitget0.0001, converted mean tension: p=0.p03
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Figure129: Rein tension parameters overa{Newton, all gaits) with different combinations of bits and bridles with a cavessconiventional European ridingnd Western
riding. Rein tension was compared between the different combinations of egait within each parameter. (Mean peak tension= mean of tension peaks only; Converted rein

tension = rein tensiom & O2 Yy BSNISR Ayid2 GKS FY2dzyid 2F LINB&A&dINB SELISOGSR | (eviolsky Publishs B S Qa Y
Preuschoft 1990&; Mean SD= mean standard deviation as a measure of stability of rein caaitgrt0.0001, converted mean tension: p=0.p03
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Figure13C: Rein tension parameters overa{Newton, all gaits) with diffemt combinations of bits and bridles restricting jaw openingdnventional European ridingRein
tension was compared between the different combinations of equipment within each parameter. (Mean peak tension= mearoofgeaks only; Converted reinrtsion =

reintensiong I & O2y BPSNISR Ayid2 GKS FY2dzyd 2F LINBaadaNB SELISOGSR | éviousliK SublishedNd Bréuschoft 2 dzi K
1990ac; Mean SD= mean standard deviation as a measure of stability ofaetadt, all p<0.0001, converted mean tension: p=0.p03

219



7.6.1.4 Rein tension parameters in relation to the type of equipment used for

communication with regard to different ways of rein handling

In the present study the reins were handled mostly bimahuat bridged, however, a sample of five
right-handed riders rode ondbandedly as well (lefpreference: 1 rider, righpreference: three

riders, preference of bridged reins: 1 rider, Tablésagd 21).

Table20: Overview of theides with regard to rein handling in the overall sample

Rein handling Western | European

bimanual 0 51
bridged 54 0
left-handed 8 0
right-handed 11 0

Table21: Overview of the rides with different ways of rein handling in a $englample of five right
handed riders with five leftateral horses, four rightateral horses and two horses without reported

laterality

Rein handling Number of rides
bimanual 6
left-handed 8
right-handed 11

Mean rein tension was higher with bimaalucontact with either bitless bridles @naffle bits in
conventional European ridingompared to bridged reins with snaffle bits in Western ridiRigre
131, p<0.0001). Mean tension of chanded rein contact with curb bits either left or right wasvkr
compared to bridged rein@igurel31, p<0.0001).

Converted mean tension revealed little difference between bimanual contact with bitless bridles and
snaffle bits. Higher converted mean tension was fownitth bridged reindor curb bits vs. snaffle ts

and lefthanded vs. righhanded rein contactisingcurb bits Figurel32,p<0.000).
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Figure 131: Comparison of mean rein tensibfNewton) in relation to the equipment used for
communication with regard to different ways ofin handling (p<0.0001). Reins of bitless bridles
were handled bimanually only. With snaffle bits, reins were used bimanuallgoiventional
Europearridingand bridged in Western riding.
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Figure132 Comparison otonvertedmean rein tensioh (Newton) in relation to the equipment used

for communication with regard to different ways of rein handling (p<0.0001). Converted rein tension
=reintensiong & O2Yy PSNISR Ayid2 GKS IY2dzyli 27F LINBaadzNB
specific type of bit according to factors previously published by PreusdReiihs of bitless bridles

were handled bimanually only. With snaffle bits, reins were used bimanuallgoiventional

European ridingand bridged in Western riding.
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7.6.1.5Rein tension parameters in relation to different ways of rein handling in

conventional European ridingnd Western riding

With onehanded reinhandling (Western ridingll horserider pairs) a slightly stronger mean
tension overall was found when the reins wdrandled with the left hand compared to righanded

rein handling. The highest mean tension was found with bimanual rein conkaguré 133,
p<0.0001). Quantitative asymmetry of rein tension (mean difference of left and right rein tension)
was increasedvith bimanual rein handling (bridged reins) and {eéinded rein contact compared to
right-handed rein handlingHigure133, p<0.0001).

35 left -handed
3 ® Right-handed
. m bridged reins
’E 25 I 2
T
g,
S
@ 15
__'I:I__J'
E: 1
05
0

mean tension mean difference of left and right rein tension

Figure133 Comparison of the magnitude (mean tension, Newton) and symmetry (mean difference
of left and right rein tension, Newton) of rein tension between dr@nded rein handling (left
handed versus rigHhanded rein contact) and bridged reins in Western riding (p<0.Q00itierent
letters indicate a significant difference at p<0.05, meafiedénce of left and right rein tension:
pairwise comparison-a: p=0.05

In Western riding Wh one-handed rein handling, slightly higher mean tension in the colateral
rein was found whereas with bridged reins mean tension was slightly higher inmig¢he rein Figure
134, p<0.0001). IeonventionalEuropean ridingmeantension in the right rein was higher than in

the left rein with increased asymmetry when bridging the refgyrel34, p<0.0001).
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Figure 134 Comparisorof mean rein tensioh(Newton) of the left versus the right rein with one
handed rein handling (lefhanded versus righHhanded rein contact) and bridged reins in Western
riding, as well as bimanual rein contact and bridged reitoimventionalEuropean iding (p<0.000)

A larger spread of rein tension was found wibnventionalEuropean ridingvith either bimanual
rein contact or bridged reins compared to Western riding with bridged retigu(el35, p<0.0001).
Regardless of riding style, spread afireension was higher in the left rein when both hands held the
reins. With onehanded rein contact, spread of teios did not differ significantly between left and

right reins(Figurel35).

Mean standard deviation as a measure to determine stabilityeai contact was higher when the
reins were held with both hands compared to ehandedrein contact Figure 136, p<0.0001).

Regardless of rein handling, mean SD was always higher in the rightigrine( 36, p<©.0001).

Temporal asymmetry (time shift beeen left and right tension peaks) was highest for bimanual
contact, lowest for lefhanded rein contacand similar for bridged reins and righainded rein

contact Eigurel37, p=0003).
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Figure 135 Comparison of the mean spad of rein tensioh (Newton) of the left versus the right
rein with onehanded rein handling (lefhanded versus righhanded rein contact) and bridged reins
in Western riding, as well as bimanual rein contact and bridged reinrirentional Europeariding
(p<0.0001)
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Figure136. Comparison of the mean standard deviation of rein tenSidwewton) of the left versus
the right rein with onehanded rein handling (lethanded versus rightanded rein contact), bridged
reins and binanual rein contact (p<0.0001
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Figure137: Comparison of time shift between left and right rein tension peaks (seconds) between
one-handed rein handling (lefhanded versus righbhanded rein contact), bridged reins cdubimanual
rein contact (p=0.00) different letters indicate a significant difference at p<0.05

7.6.1.6 Rein tension parameters in relation to different ways of rein handling in

Western riding with regard to laterality

Mean rein tension measured with different waypf rein handling was influenced Ky2 NJateralisy
(p<0.0001). Higher mean tensiovas foundin left-lateral horses, whereas the lowest mean tension
was recorded in horses without reported laterality. The lowest magnitude of mean tensasn
foundwhen the reins were handled with the left hand in Kdtteral horses and with the right hand in
right-lateral horses and horses without reported lateralifiqure138, p<0.000L Rein tension was
symmetric in horses without reported laterality with ofnded rein contactind with righthanded
rein contact in leflateral horses Kigure138, p<0.0001. Asymmetric rein tensiowas foundwith
bimanual rein contact with all horses. With ldéfanded reincontact in leftlateral and rightlateral

horses the reirof the horses preferred side revealed higher rein tensigigyrel38, p<0.0001).

225



9 Lefidateral horse B
5 @ m Right-lateral horse
: 7 :
é no laterality
- 6
=
2 5
z
e 4
z
o
= 2
1
0
& o S
@ S «& : ¢ XS
i ,\@‘ A2 @ cj}?’ x@
&ZP ‘(‘ﬁ 65) @é’? fﬁ”{\ 32‘6"’{\

Figure138 Comparison of mean rein tensibfNewton) of the left versus the right rein with one
handed rein handling (lefhanded versus righhanded rein contact) and bridged reins with regard to
GKS K2NERSQa fF0iSNIfAle oFaSR 2ytadkK@&0.00BIRSNDa | 4a8S

Mean tensionmean SD, mean peak tension and mean differencéetf and right reintension (all
p<0.000) varied according to the different combinations of actual rein handling in relation to
preferred rein handling (Tabt&2, Figures 139& 140). Rein tension of rightanded rein handling was
higher for mean peak tension and lower for mean tensamidl mean dference ofleft and right rein
tension in iderswith a rightpreference (Table 22In riders with a lefpreference, rein tensiole.g.
mean peak tensiomvas lower with their norpreferred right hand compared to their preferred left
hand(Table 22 Fgures 139& 140).
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Table22: Rein tension parametet® b Sgii2y 0 6AGK RAFTFSNBYy(G gl e&a 2F NBAY KIFIyRftAy3a Ay NBEFGA2
rein handling is boled.

Mean peak Mean difference of
Actual rein handling & | Number
rein handling preference| of rides | Mean tension (N) | SD (N) tension (N) rein tension (N)
bimanual & bimanual |51 13.240.8 10.20.8 23.1£1.2 7.8+0.6
brigded & bridged 55 6.2+0.9 5.6+0.9 14.7+1.3 3.8+0.6
bridged & righthanded |9 4.8+1.7 41+1.5 12.5+2.2 25+1.4
bridged & lefthanded |1 2.7+4.2 2.4+3.1 9.845.5 2+3.1
left-handed & bridged |1 5.3+1.5 4.9+2 15+2.9 3.3+0.9
right-handed & bridged |1 4.8+1.5 4+2.1 14.1+3.1 2.5+1
left-handed & left 2
handed 2.4+3.4 1.9+2.7 20.3%4.5 1.5+2.7
right-handed & left 2
handed 2+3.4 1.4+2.7 9.3+4.5 1.142.7
right-handed & right 9
handed 3.6+1.7 3+1.5 10.4+2.3 1.9+1.4
left-handed & right 5
handed 3.9+1.7 3+1.6 9.7+2.5 2.2+1.4
Pt <0.0001 <0.0001 <0.0001 <0.0001
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Figure 13939: Rein tension parametetgNewton) with different ways of rein handling in relation to riders rein handling preference (p<Q.®@&thing
preferences are marked with arroyvs
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Figure 140 Rein tension parametetsNewton) with different ways of rein handling in relation twlers rein handling peference p<0.0001 matching
preferences are marked with arroyvs
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The reins as such and tla#rection of riding (clockwise vs. countetockwise)did not influence rein
tension. No significant relation of mean peak tension and rein handling with or without regard to
K 2 NXa®ralifly and the lateral displacement of the hindquarters cdoéddetected (all p>0.05).

Mean rein tension was lowen the side the hindquarters were displaced tgurel4l, p=0.@02).
Mean rein tension was higher in horses with their hindquarters displaced to theHeftre 141,
p=0.002). However, little difference of mean tensigne. mean tension of lefhandedrein handling
¢ mean tension of rightandedrein handling between left and righthanded rein contacbverall

(Figurel42, p<0.000}) occurred.
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Figure141 Mean rein tensioh (N) of the left versus the right rein with orleanded rein handling in

NBfFaGA2y (2 GKS 0SSNt RAAaLX-lvOSIY @displagetent) KS K2 |
p=0.002)
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Figure 142 Mean rein tensioh (N) of different ways of rein handling in relation to the lateral
daLX  OSYSyid 2F (GKS K2NRERSQa KAY R @2ONIeSwEightd p  NA R
displacement (n=2), p<0.0001)

7.6.2 Discussion

7.6.2.1 Rein tension parameters in relation to the type of equipment used for

communication
and
7.6.2.2 Rein tensin parameters in relation to different riding styles

Equipmentsuch as bits and bridles are means of communication based on the application of pressure

G2 0GKS K2NBRSQa Y2dziK I yRMiéher & al.d2a0®,RHolrk ZORSTHet NA RA

distribution of pressure varies according to different types of bits and bridlesoimventional

Europearriding (Preuschoftet al. 1995, 19993 however rein tension data lack direct comparison of

different riding stylesRein tension values with curb bits (Westeides only) were lower compared

to rides with snaffle bits (conventional Europeading and Westernriding combined).Curb bits

AYONBI &S LINBaadaNE Ay (G(KS K2NRSQa VY2dziK (KNPRdIzZIK |
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that might be necessary taeceive the desired reaction from the hors®réuschoft 1990b,
Preuschoftet al. 1999a & §. Rein tension in Western riding is lower as a logical consequence to
riding horses with a very loose reinariding style based on short, discontinuous signala asean

of communication (Holm 2008, Schmid 2014). Convemedn rein tension with curb bits and snaffle

bits was equally high. Convertgzbak tension however,was lower with curb bitgincluding curb
chains)in Westernriding as opposed to snaffle bits both riding styles. Regarding the fact that rein
tension valueswvere higher with conventionaEuropean riding in general, the difference of rein
tension values between curb bits vessanaffle bits in convention&uropean riding only is expected

to be even larger. The common assumption that Western riding results in lower rein tension overall
because riders use high peak tension to communicate instead of keeping constant rein contact seems
to be confuted. The impression that curb bits might reduce haeider communication to minimum
signals with less peak tensions in Western riding, if handled correctly (Wienrich 2011), seems to be
more likely. However, the converted rein tension values for curb bits do not include the amount of
pressure transferred tahe curb chain. Still, communication might be more precise and gentle with

Western riding and curb bits.

7.6.2.3Rein tension parameters in relation to differentombinations ofbits and bridles

used in bothriding styles

Against the common aimto reduteNB & 4 dzNB (12 (GKS K2NBRSQa Y2dziK gAld
tension and converted pressure expected on the bridge of the nose were higher than with the single
jointed snaffle bits. In previous studies no difference of rein tension between bittet] katless
combinations were documented\arrenSmithet al. 2007, Bye et al. 20}7except for a Sidepull

that, likely due to the smaller contact area, resulted in lower rein tension as voluntarily applied by

the horses (Kubiak et al. 201 Hlowever, inatased pressure compared to actual rein tension has

been reported for the bitless LG bridle befokdefrmann 2011 Rein tension can be applied utilizing

lever action via the rings to some extent with this type of bridle, however, in the present study rein
tension was applied directly to the rings without using lever forcAscounting for results showing

that the bridge of the nose is sensitive enough to be damaged by tight noseb@ratgo(et al. 2017

the use of bridlesvith correctly fitted bits insted of bitless bridles might improve horse welfare.

However, the assumption that using no cavesson might be beneficial does not seem to be true
either. The lowest amount of rein tension in both riding styles was recorded in rides with a noseband
that still allowed the horse to open its mouth to some extent (i.e. cavesson in Western riding and

grackle noseband in convention&uropean riding). A possible reason for this result might be that
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horses without cavessons were able to fully open their mouths, tiyisg to reducerein contact
However, even in an opened mouth, the magnitude of rein tension remains the same. Still, the
K2NEBRSQa o0SKI ddtiediter applyid morefteBdioR to receive the intended reaction.
Furthermore, other riders might havspecifically chosen a bridle that prevents the horse from
opening its jawintending to solve difficulties of communication with their horselowever, they
prohibit their horsefrom opening the jaws in the fruitless attempt to reduce the painful pressidire
0KS 0AG® ¢attempts id BEoSmuvitaie SidliRia signals led to even higher rein tension and
GKS AYLINBaaAzy 27F S odISbe 705 BeNpotideyikittalNainefigiod dzAiigher NA R S &
in combinations of bits with bridles prohibitinjaw opening Kapitzke 2001) seems to be verified to
some extent The deplorable fact thatiders prevent th@ horse from chewing the bit and masking
problems in horseider communication with tightened nosebands have been reported before
(Kienapfel & Reuschoft 2010, Doherty et al. 20116

Rein tension varied between the different types of bits and bridles, especially compared between

mean and peak rein tension and converted rein tension valuesnventional European riding, again
suggesting that the morded minima must be quite high (compafed). Differentiating between the

different bits used in Western riding, it appears that especially fixed curb bits enable the rider to

apply low mean pressure (converted mean tension) and moderate pressure pEakelted peak
0Syarzyos oKSNBIFa 22AYy0iSR OdaNb oAlGa €SFR (G2 KA3IK
bits combine the effects of snaffle bits with the lever action of fixed curb bits and therefore, cannot

be used as precisely as fixed curtsb Correction bits are usually used when riders experience
difficulties in communication via rein signals. The snaffle with shanks comes with different lengths of

levers, which might also explain the larger amount of mean tension applied.

7.6.2.4 Reintension parameters in relation to the type of equipment used for

communication with regard to different ways of rein handling

Symmetry of left and right rein tension is a proprioceptive task that appears be more difficult to
achieve if bothhands are requéed to coordinate. Therefore, bimanual rein contact and bridged reins

were less stable and less symmetric than dvamded rein contact. With bridging the reins stability is

increased compared to holding one rein in each hamticating that the movement ofhe rider is

transferred to both reins at the same time. In contrast, with bimanual rein coritcmovement of

0 KS N R St#dferred t8 €agh reindndividually, thus also leading to a larger time shift of left

and right rein tension peak&veniil K2 dzZ3K G KS NARSNDa &aSFd I LIISFNBR |
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hands,i KS NARSNRAa Y2@SYSyd YAIKG adAtt oS atAakKife
or hips (Syme& Elis 2009, Alexander et al. 2015).

7.6.2.5 Rein tension parameters irelation to different ways of rein handling in

conventional European riding and Western riding with regard to laterality

Onehanded rein contact (righhanded riders only) with the nedominant left hand led to larger

guantitative asymmetry and higher raa tension overalin the right rein compared to the left,

possibly because the right reinsight have beerheld slightly longerFurthermore, with onehanded

rein handling, the tension of the inside rein is transferred to the bit directly, whereas trsaieron

0KS 2dziaARS NBAYy A& RSTF{SOGSR o0& (KSTh&lRftmENE Qa y SC
seems to be held not as close to the median plane of the horse as the right hand, thus leading to
asymmetric rein tension and less quantitativarsyetry. This assumption is supported by the fact,

that horses with a left displacement of their hindquarters were ridden with slighifjher rein

tension lefthanded, whereas the same magnitude of rein tension was applied to horses with their
hindquartersdisplaced to the right with either hand. Rein tension of the side opposite to their lateral

displacement was slightly higher.

Larger temporal asymmetry and less stability were found when the reins were held with the
dominant right hand, suggesting thabardination might be better with the nowlominant hand.
Riders with a preference of rein handling with their dominant, right hand showed more symmetric
rein tension with higher mean and peak tension when using their preferred rightl. Peaks in
riders peferring the norndominant, left hand however, were twice as high with their preferred left
hand whereas their nopreferred, dominant, right hand was associated with higher mean tension.
Higher peaks with lefhanded rein contact might be caused by the jios of the hand relative to

the median plane of the horse. Similar results of higher tension in the right rein have been
documented with bimanual rein contact. It seems that the left hand might be adgaa when it
comes to taking up a light contact aadl. Holding the reins and communicating through the
YEAYGSYFyOS 2F F fAIKG FyR adsStRe O2yalod G2 (K
practice. Research has shown an advantage ofdwmninant hands for proprioceptive taskklan et

al. 2013, which could explain why the nestominant hand in righhanded riders kept a more stable

and symmetric contact. Improved performance in unimanual compared to bimanual tasks has also
been documented by other researdilan et al. 2013). In rigftanded sulects, that are equally
strong with both hands or with their nedominant left hand, the perception and symmetry of grip

force is better than for those with most strength in their dominant, right h§adamo et al. 2012).
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Assuming that this might have beéme case in those participants preferring their ndaminant left
hand forone-handedrein contact, it might explain the difference in symmetry of rein tension that

was observed.

Similar to bimanual contact, rein tension was higherléft-lateral horsesbut lowest in horses

without reported laterality Rein tension was lower when the hand holding the reins matched the

K2 NRSQa f I ( Sadglitlatéral hots®yait Badndi& lekt-latgr® horsg. However, except for

horses without reported lateraly and left-lateral horses duringight-handed rein handling rein
GSyarzy 61 a KAIKSNI AY GKS NBAYy 2F (KS K2NARSQa LJ
interact withK 2 NJatr@ldy with onehanded rein contact as well, only with much less tension

involved. Even with onbanded rein contact and a loose connection riders appear to prevent their

horse from drifting with the nospreferred shoulder and avoiding the rein of the preferred side. Still,

it might be an advantage for riders t@ain their proprioception and keeping a light and steady

contact through bridging their reins and holding the reins in one hand. Riders who are strong with

their dominant hand might profit from training the grip force and perception of their-dominant

hand, especially if they ride horses with mismatching directions of laterality. In contrast to the results
T2N) K2NESQa ¢AdGK2dzd €F3aSNIfAGE 20SNItfs Ad asSs
recordingone-handedrein tension might actually havieeen less lateralized than their conspecifics

with a reported side preference. However, these asptions need to be investigated ia larger

sample of horseider-combinationsalsoincluding lefthanded riders.

235



7.6.3 Conclusion

7.6.3.1 Reinénsion in relation to different bits and bridles

If handled correctlyfixed curb bits used in Western riding might reduce hergker communication

to minimum signals with less peak tensionfhe use of bridles with correctly fitted bits and
nosebands ingad of bitless bridles might improve horse welfare. Bridles with nosebands allowing
the horses to open their mouths to some extent and chew the bit seem to be beneficial for a light
and stable rein contacBridles prohibiting jaw openinigave the potental to negatively affect horse

welfarethrough increased rein tensicemd mask problems in horgeder communication.

7.6.3.2 Rein tension in relation to different ways of rein handling

Bridging the reins increased stabili;nd symmetrycompared to holdig the reins bimanually (i.e.

one rein in each hand). Od®anded rein contact showed improved symmetry and stabitdyealng

an advantage of the nedominant left hand especially in riders with a lefireference.Even with

oneKl YRSR NBAY s @ergfity $enied ti &fbIcK t8eGymmetry of rein tension. Matching

G§KS NARSNDa KIFIyR ¢6A0GK GKS K2NBSQa tF4iSNIftAdGe |
increased symmetry with onkanded rein contact. Riding with bridged reins or draded may

AYLINR OGS NXRSNDA LINE LINA 2 OS LaildiipfovecdordiNt&ianywithQreely § + O G

non-dominant hand
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8. Main Discussion

CIFHOli2NA AyTFTfdsSyOAy3d (GKS RSINBS YR RANBOlUAZY
on the communication between horse and rider, have not yet been satisfactorily investigeied

reins are one of the main means of communication between horses and riders and asymmetric rein
G6Syairzy YlIeé& tSFR G2 yS3rk (A JSrsedid¥rLdbndnidicatiénFandi K S
training. Therefore, this study aimed to investigate several questions regarding the influence of
KdzYl'y KFIyYyRSRyS&da | YR K2 NBleScdramurichtionS iih teisip® sp&rtd 3 @

success and risk of musculoskelétgliry.

8.1 Research question 1lis there agreement between laterality tests used in

horses?
and in particular:

8.2 Research questions Do laterality test results obtained on the ground relate to

laterality during riding?

The majority of warmbloods and Tharghbreds did not show an eye preference. Horses showing
any biased reaction mostly preferred their left eye, regardless of the breed and sample (Bable 2
Sensory and motor laterality wemnly related in warmbloods, but this relationship may have to be
validated in a larger sample of horses showing sensory laterality (2dpl&specially, with sensory
and motor laterality, results of previous research varied, too. Relationships between parameters of
the two different domains could not be proven in alhmples (Larose et al. 2006e Boyer Des
Rocheset al. 2008, Carey & Hutchinson 2013). Strong motor laterality does not seem to increase

sensory laterality (Carey & Hutchinson 2013).

The associated significance levels of the advanced foreleg duringqi@reemnained, increased or
decreased betweerthe samples of the present stugyput never changed direction. The results
therefore match those of previous studies applying this methddcGreevy & Rogers 2005,
McGreevy & Thomson 2006, Warr&mith & McGreev010,Austin & Rogers 20)2However, the

majority of horses showed no leg preference (Taldg 2 relation of laterality during riding seems to

27

K 2

2y

SEA&G 2yfé (G2 GKS NARSNDAE aasSaavySyid 2F GKSANI K2

limited to left-lateral horses only (Tablg4). This agrees with results of Wells & Blache (2008)

reporting leg preference in horses that did not show laterality on a circle with or without a rider.
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The assessment of leg preference during grazing is rathe tonsuming, however, during a leg
preference test most horses did nehow a significant preference-¢alue >+/1.95) either (Table

220 ¢KS LINBFSNBYOS (Sad F3INBSR ¢gA0K (GKS NARSNRA
horses (Kuhnke etla2010). In a large sample of various breeds however, no relation to any method
determining laterality during riding was found (TaB®. However, many horses in this sample were

Western horses that seemed to be less lateralized in general. A relatieg pfeference might only

exist in horses that appear strongly lateralized.

9SSy (K2daAK y2 RANBOGAZY 2F YryS sta Yzald 02YY2
laterality based on the assessment of their riders was found for agktal horseswith the survey

sample only (Tabl24). However, there is a potential that riders might have been mistaken and the

overall direction of laterality during riding in this sample remained unclear, ltoather researcha

relation of the direction of the maa to laterality during riding circlesould not be documented in

Quarter HorsegWhishaw & Kolb 2017). Therefore, it seems advisable to examine a possible relation

2F GKS RANBOGAZ2Y 2F YhyS G2 €FGSNIfAQGasoRWNA Y3  NX

tension in a large sample of horses that appear strongly lateralized.

The direction of facial hair whorls did not agree with the results of any other test method in any
sample (Table 3. Even though a relation of facial hair whorls with theR SN a | aaSaavyvYSyi
laterality agreed in some studieElgvorthy 2004, Murphy & Arkins 2008, Shivley et al. 20tt@re is

further research that could not document similar resulByyell 2005) It seems that body
characteristics which are preset every individual might be useful indicatars some, but not all

individuals

In the riding literature, horses are most commonly described as having their hindquarters displaced
to the right, which is supposed to be related to their side preferencénguriding (De la Guérinére
1733 Steinbrecht 1901, Miesneet al. 2000, Museler 1933, Podhajski 1967). The lateral
displacement of the hindquarters from the median plane has been investigated in foals and young
horses while standing (Lerbs et al. 2014)tratting in circles (Lucidi et al. 2013). Results of the
present study were obtained from behind while standing or walking and agreed with the
observations reported in the riding literature for the larger samples (Klimke 1985, Mietredt

2000, Miselerl933, Table 3). In the smaller samples of young Thoroughbreds, warmbloods and
Western breeds, laterality based on the lateral displacement of the hindquarters was randomly
distributed. Most of the Thoroughbreds were closely related which might have didseresults, as
offspring from leftlateral parents might have been overrepresentdelirthermore, sample sizes

might have been too small to receive reliabésults that allow conclusions #ie population basis.
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Hindquarters that deviate to the right carred mainly in horses described as rigditeral, but also in

a small number of leftateral horses and vice versa (TaBK). However, horses with mismatching
results might have been ambidextrous or preferred different sides depending on the task.
Furthermore, laterality patterns of rein tension differed slightly between both directions of lateral
displacement, especially for leflisplaced horses and with od®nded rein handling (Tabl24).
Therefore, the lateral displacement of the hindquarters seeémmfluence rein tension symmetry to

some extentHowever, results appear more reliable in Kteral horses

I O02NRAY3 (2 GKS NARSNDRa aaSaavySyid 2F GKSAN K2

side bias was present in the majority obrses of all samples (Tabl&)2Even though the overall

RANBOGAZ2Y 2F fFUGSNIXftAGE GFNASR 0SGsSSy (GKS al vyLl

preferences during ridind. dzY'l y KI yRSRy Saa IyR (GKS K2NERS$aAQ f
both had an influence on rein tension and delivered results similar to those previously reported
(Kuhnke et al. 2010, Table32 ® | 2NB SQa fF iSNI tAde &aS8SSYSR (2
symmetry of rein tension, which seems to be the reason why tesaadsessed with both methods

mostly agreed (Table3}.

Repeatability and agreement of the direction of lateral displacement of the hindquavtéen
assessed on track and during video analysis was generally good for the same ind{Vidbk<23)
Howewer, only during video analysjshorses assessed racing in different directions showed
inconsistent lateral displacement between directions or within specific races. Since horses are likely
to switch to their nonpreferred canter lead when they are fatigu€williams & Norris 2007) and
racing horoughbreds are pushed to their maximum performance during races as part of the
competition, inconsistent lateral displacement might occur as an attemghtnge loading and use

the muscles differently in order to k@ up speed. On the other hand however, resutstained

while standing or walking might not be suitable for the identification of ambidextrous horses with

regard to this parameter.

The preferred lead of race horses has been previously reported as aothéthdetermineK 2 NB S Q &
laterality (Deuel & Lawrence 1987, Williams & Norris 2007). Race horses most commonly prefer the
same limb for push off at the starting gate and oead for their racing performance. However,
differences according to the directioof prefererce can be found between racindhdroughbreds

and Quarter Horses (Deuel & Lawrence 1987, Williams & Norris 2 )najority ofThoroughbred

race horses seemed to prefer the outside lead overall, regardless of the direction of the racetrack
(Table 23) The opposite has been reported before however, it remains unclear whether data were
collected at the start or finish of the rac8drrey 2001, Biewener et al. 1983, Deuel & Lawrence

1987, Davies1996 The majority of horses assessed as rlgtdgral or leftlateral based orvideo
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analysischose the lead according to the direction their hindquarters were displaced to, thus mainly
performing in the insiddead in one direction and in the outside lead in the other directjdable
24). Ambidextrous hmses were mostly inconsistent or showed idfsplacement of their
hindquarters in a leflead in clockwise ahrightdisplacement in a rightehd in counterclockwise
races, thus preferring the outsidiead regardless of the directior{Table 24) This futhermore
indicates that ambidexterity seems to exist in horses which might be missed if results are obtained

from evaluations in one direction only.
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Table23: Overview of the applied laterality test methods with regard to theiatigins and the different sample population¥Mixed model analysis of mean

rein tension accounting for horse*rider as randaffiects and gait, rein*direction*task, laterality*handedness as fixed effects.)

Level of
Method Variable Sample Results significance Further research
(chi?)
Advanced foreleg |number of 67 Warmbloods M.OSt. horses without pref_erence. Largersample of horses showirigg
. . Significance levels remained, decreased |p<0.0001 :
during grazing advanced foreleg|(Chapter 5, sample A)|. . preference advisable
increased but never changed direction.
30sec. vs. 60 sec. [Zvalue +£1.95 =|61 Thoroughbreds |¢ KS Y 22NRAG& 2F K2 <0.0001
Scan sampling significant (Chapter 5, Sample EJLINB F SNBy OSa o p<L.
Advanced foreleg 12 Warmbloods none
. . number of
during eating from | (Chapter 5, part of p>0.05
advanced foreleg
bucke sample A)
88 Warmbloods, none
(limb preference [Zvalue +£1.95 =|Quarter Horses and >0.05
test) significant other breeds (Chapter p>L.
7
none
Visual laterality preferred eye 67 Warmbloods >0.05 Larger sample of horses showing visual
(Novel object test) |(left, right, none) [(Chapter 5, sample A) =" laterality advisable
61 Thoroughbreds |Left (one object only)
Eye preference (Chapter 5, sample E) p<0.0001
right Repeatability within individual horses and
Lateral displacement to 4408 Warmbloods & between observers
d!splacement of the the left or right riding ponies (Chapter p<0.0001 Developmental factors that influence this
hindquarters 5, samples A&B) )
laterality
in re!atlon to tre _ 67 Thoroughbreds Mostly right; ambidexterity observed
median plane while p<0.0001
; (Chapter 5, sample C)
standing
88 Warmbloods, none 0>0.05

Quarter Horses and
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other breeds (Chapter
7

61 Thoroughbreds

none

(Chapter 5, sample E) p>0.05
Degree of the degree of lateral 12 Warmbloods none Method might need to be adapted and test
) . (Chapter 5, part of p>0.05
lateral displacemer]displacement on a larger sample
sample A)
(Angle of deviation
of the spine from
the perpendicular
through the
withers)
Dlr_ectlon of facial |clockwise, 67 Warmbloods none
hair whorls counter (Chapter 5, sample A) p>0.05
(trichoglyphs) |clockwise, pters, samp
ra_d|al, . 61 Thoroughbreds
mismatching (Chapter 5, sample E)
double whorls pters, samp
Majority either left or right-lateral
depending on sample; no direction most
common overall
WA RSNDA | Left-preference, |1286 horses of variou; p<0.0001

(preferred side for
dressage tasks)

right-preference

breeds (Chapter 4)

21 Warmbloods The majority of horses were assessed as

(Chapter 5, prt of right-lateral. p=0.021
sample A)

88 Warmbloods, The majority of horses (total and Quarter

Quarter Horses and |Horses separately) were assessed as ¥ig| p<0.0001

other breeds (Chapter
7)

lateral.
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left, right,

1286 horses of variou:

no direction most common overall

Direction of mane bilateral breeds (Chapter 4) p>0.05
67 Warmbloods none
(Chapter 5, sample A) p>0.05
61 Thoroughbreds  |right
(Chapter 5, sample E) p<0.0001
88 Warmbloods, none
Quarter Horses and
other breeds (Chapter p>0.05
7)
Preferred lead lett, .”ght n 1950 Thoroughbreds Mostly outside lead Relation to leg preference during grazing
during flat racing re_:latpn to the (Chapter 5, sample D) p<0.0001 since numbers were too small
direction of track
Lateral Mostly right; ambidexterity observed
displacement of theldisplacement to [1950 Thoroughbreds p=0.002¢
hindquarters from |[the left or right or|(Chapter 5, sample D) p<0.0001
the median plane
during flat racing |inconsistent
(video analysis) displacement
67 Thoroughbreds  |Mostly right; ambidexterity observed 0<0.0001

(Chapter 5, sample C)

Rein tension
symmetry

rein tension (N) ir
relation to the

laterality of
horses and riders
and

the direction of

12 horserider pairs
(Chapter 5, part of
sample A)

track

106 horserider pairs
(Chapter?7)

Higher mean tensiowas applied with the
dominant (right) hand and to lefateral

horses. The magnitude and stability of me
rein tension varied in relation to the
RANBOGAZ2Y 2F NARAYST
side.

Rider: p=0.044*
Horse: p=0.02*
Stability:
p<0.0001*

P<0.0001*
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Table24: Overview of the relation between the results of the applied laterality test methods in the different sampléapiops.(Mixed model analysis of mean rein tension

accounting for horse*rider as randoB ¥ ¥ S O (i

& YR 3AFAGE NBAYFRANBOGAZ2YFOl &1 =

bolded.)
Level of
Method 1 Method 2 Sample Results significance |Further research
(chi?)
Left eye preferred only in horses with left|Left leg:
Adyanced fpreleg . .. |61 Thoroughbreds leg preference or no preference p=0.005 Relation to motor laterality with a larger sam|
during grazing 60 sec|Visual laterality No : . .
. (Chapter 5, sample E) . |of horses showing visual laterality
Scan sampling preference:
p=0.009
Most horses showedo preference. Some Relation ofthe advanced foreleg during grazir
Adyanced fpreleg WA RSNDE |21 Warmbloods (Chapt nght-lateral horses tended to prefer eithe ) and eating from a puckethe nd@LD a
during grazing 60 sec their left or right foreleg. Leftateral horses|p= 0.018 assessment and rein tension with a larger
. assessment 5, part of sample A) : o
Scan sampling showed a tendency to prefer the left sampleof horses showing a distinct leg
foreleg only preference
Results agreed for most horses. Only hol Examine agreement of results in a larger sar|
Lateral displacementjw A RS N2 & [21 Warmbloods (Chapt|with their hindquarters displaced to the _ of horses with distinct motor laterality and
) . P=0.003 . . . .
of the hindquarters |assessment 5, part of sample A) right were assessed as ld#iteral. compare with rein tension symmetry in order
identify mechanisms of interaction
in relation to the 88 Warmbloods, QuartgResults are weakly correlated
median plane while Horses and other breec p=0.001
standing (Chapter 7)
Rein tension 12 Warmbloods (Chapt|Rein tension tended to be higher in horse 0=0.077

5, part of sample A)

with a left-displacement
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88 Warmbloods, Quarte

Influenced the magnitude and symmetry
NEAY GSyaizy |yR i
their own rein contact

Horses and other breec Pfg'gl?ok
(Chapter 7) p=L.
79% agreement overall; 81.5% agreemer
Lateral 67 Thoroughbreds for horses determined as rigiateral and ~0.0001
displacement of |(Chapter 5, sample C) [69.3% for leflateral horses (Method1) in p=0.
the hindquarters clockwise races
during video 4408 Warmbloods &  |No significant difference concerning the
analysis riding ponies (Chapter |distribution of leftvs.rightlateral horses in|p>0.05
samples A&B) both samples
o WA RSNDA 11286 horses of various Agreed with preferred side for ridirng Evaluate and compare to rein Fer'13|on with a
Direction of mane right-lateral horses p<0.0001 [larger sample of horses with distinct laterality
assessment breeds (Chapter 4) SR
during riding
The majority of horses were righdateral or
ambidextrous based on results from race
Lateral . o
. in both directions. The preferred lead anc
displacement of . . : )
the hindquarters lateral displacement were identical, in lefi
Preferred lead during . 11950 Thoroughbreds |and rightlateral horses (Preferam of
. from the median o . : . all p<0.0001
flat racing . (Chapter 5, sample D) |inside lead in one and outside lead in the
plane during flat S :
. . other direction). Ambidextrous horses
racing (video . I )
anaysis) displaced their hindquarters according to
the racing direction and preferred the
outside lead in either direction.
wA RSN & |12 horserider pairs Rein tension symmetry agreed mostly wil
Rein tension symmetiassessmat (Chapter 5, part of the direction of laterality assessed by the[p=0.019
sample A) riders
106 horserider pairs .
(Chapter7) P<0.0001
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8.3 Research question 3What is the most common dird®n of motor laterality in
the populations of warmbloods, ponies, American Quarter Horses and
Thoroughbreds?

Motor laterality in horses has to be divided into several different aspects. Since equitation or flat
racing is the main purpose to breed and kdegrses, only the test methods that are related to
fFO0SNFfAGE RdAzZNAY3I NARAYI AdSd GKS fFGSNIf RAALX L

their preferred side seem to be of further interest (TaB%).

Besides the method of observatiorbreed seems to be a decisive factor for laterality. In
Thoroughbreds, Standardbred trotters and warmblood breetigeralized behaviour was
documented at thepopulation bag with a variety of test methods (McGreevy & Rogers 2005,
McGreevy & Thomson 2006,Uuvphy & Arkins 2008Lucidi et al. 201)3In Quarter Horses in contrast
methods investigatingnotor laterality on the ground (Siniscalchi et al. 200Greevy & Thomson
2006) or during ridingWhishaw 2015, Whishaw & Kolb 2Q13howed thatside differertes could be
observed for soméndividuals, however laterality was absent in the population. Similar results were
observed in the present studyas well as in other species such as great apes (Christel. 1988)ern

breeds appeared less lateralized duritiding based on measurements of rein tensidrowever, for

most individuals preferences have been reportéy their riders. Investigating the lateral
displacement of the hindquarters from the median plane revealed that a lateral displacement to
either sick was present in every individual, regardless of the breed. In warmbloods abraghtvas
observed, regardless of the sample size. Similar observations have repeatedly been documented
since long timede la Guérinére 7133, Steinbrecht 1901Museler 1933 Klimke 1985Loch 2000,
Miesneret al. 2000,Hinnemann & van Baalen 2004 herefore it seems that concerning this aspect,
warmbloods and ponies areight-lateralized at thelLJ2 LJdzf A2y ol aAad wS3II N
FaasSaaySyd 27 GKSeMhigherNENSe éf rigiitkeRiShorsadldere SH$EBwEdin

the smaller samples too. With a sample size that might be large enough to conclude toral ove
direction of laterality at thepopulation basis, however, no direction could be determined with
celi AyGdead {AyOS AYyF2NNVIGA2Y | 062dzi K2NBRSQa I GdSNI
survey (chapter 4) and each direction of laterality was stated slightly more often, it seems that a
most common direction of lateralit during riding does noexist at the population basis in

warmbloods and ponies either.

In racing Thoroughbred, the majority of horses in the present study seem to be rigtaral
according to the lateral displacement of their hindquarters which agrees with previous research

using similar methods (Williams & Norris 200Fawever, when examining the lateral displacement
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of the hindquarters in relation to the preferred lead and considering both racetrack directions,

ambidexterity can be observed in a large number of horses.

Thedistribution of laterality in different populations seems to be strongly related to the method
applied. In contrast to the human population with about 11% -leihded and ambidextrous
individuals Annett 1978, Dragoviet al. 2008, Volkmanret al. 1998, McKeever 2004 it seems that

horses a@e not that strongly lateralized at th@opulation basis when it comes to laterality during
riding. Regarding the lateral deviation of the hindquarters however, it seems that-lédgétal horses

have been (Klimke 1988Jiesneret al. 2000, Miseler 1933) and are still more common. However,
oyf @ GKS NARSNRa FaaSaavySyld ¢l a RANBOGEeEe NBfI
displacement of the hindquarters seemed to influence reamsion patterns more subtle than
commonly expected (Museler 193XKlimke 1985, Miesnegt al. 2000). Furthermore, some riders
reported either divergenpreferences for different tasks or no side preference which, however, did

not result in symmetric rein tension at aBimilarly, great vaability of lateralized behaviours for the

same task has been observed in great apes and humans between species and even within the same
individual (Christel 1993 herefore, a most common direction of laterality during ridingght not

even exist, whetheat the population basis awithin individual horses.
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Table25: An overview of the most common direction of different aspects of motor laterality with a relation to laterality during aialintpeir heritabilities in

different breeds.

Laterality method

Level of significanci

Lateral displacement of the
hindquarters from the
median plane

Sample population Most common direction (chi?) Heritability
(h?)
67 Warmbloods (Chapter 5, . P<0.0001 not estimated
Rightlateral
sample A)
3973Warmbloods & 368 riding Rightlateral P<0.0001 |6a5tira“ty (warmbloods):
ponies (Chapter 5, sample B) 9 '
67 Thoroughbreds (Chapter 5, |Mostly right; ambidexterity observed 0<0.0001 not estimated

sample C)

1950 Thoroughbreds (Chapter 5,

Mostly right; ambidexterity observed

Laterality:0.19

p=0.002¢ p<0.0001 |Placings: 0.72
sample D) Wins: 0.66
61 Thoroughbreds (Chapter 5, |none 0>0.05 not estimated
sample E)
88 Warmbloods, Quarter Horses|none 0>0.05 not estimated

and other breeds (Chapter 7)

w A R Ssdgsinent
(preferred side for
dressage tasks)

1286 horses of various breeds

Majority either left or right-lateral depending or

(Chapter 4) sample; no direction most common overall  |°~0-0901

21 Warmbloods (Chapter 5, part [Rightlateral ~0.021 _
sample A) p=0.

88 Warmbloods, Quarter Horses|Rightlateral 0<0.0001 ~

and other breeds (Chapter 7)
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8.4 Research questions 4s the lateral displacement of the hindquarters a valid
AYRAOIF 2N F2NJ K2NERSQa Y2G2N) 1 GSNrtaAdGe

warmbloods andThoroughbreds?

The direction of the lateral displacement of the hindquarters varied between individualggver, it

did not influence mean rein tensiotill, it was the only parameter of those assessed on the ground

that agreed with lateality during riding for most individuals with a displacement to either side.

contrast to common assumptions in the riding literatui@e(la Guérinére 133, Steinbrecht 1901,

Miesneret al. 2000, Museler 1933, Podhajski 1967, Klimke )98%e lateral dsplacement of the
KAYRIdzZ NISNE FyR GKS NARSNRa lFaasSaavySyd 27F (GKS
Neither does a relation of trigger points the lateral displacement of the hindquarters or any other

laterality test method exist. Still, 1 NA RSNRA FaasSaavySyid 2F GKSAN 2¢
horses with their hindquarters displaced to the left or right. The lateral displacement of the
hindquarters seems to influence the asymmetry patterns of haider communication in a more

subtle way e.g. when it comes to the magnitude, as well as quantitative and temporal symmetry of

rein tension in bimanual and oA®anded rein contact.

wSadzZ Ga 2F K2NASQa fFGSNItAGe o6lFaSR 2y GKSANI NA
hindquarters matcled for the majority of the sample, but not for alhorses. Possible reasons might

0S GKIFIG GKS NARSNRA 26y KI yYRSRY Saér ambiddxtaritySABo (1 KS K
horses that were perceived as performing equally well might Hasen affectedby difficulties of

horseNA RSNJ 02 YYdzy A OF A2y 0| dRedgurdidfie facttifat tridhsindiedicd K I Yy R
and weltbalanced horses are scarce (Steinbrecht 1901, Klimke 1985, Murphy & Arkins 2008), these
horses might have potentily shown inconsistent lateral displacement and would thus have been
identified as ambidextrous, had they been assessed when moving in both directions. However, the
warmblood samples were only observed while standing or walking away from the observer on a
A0NIA3KG fAYSd ¢KS ¢K2NRAdZAKONBR a4l YL S& Ay 02y
laterality in order to compare results for horses considered to be ambidextrous. In general, the

lateral displacement of the hindquarters is a body characterighiat is not absent even in
ambidextrous horsesTherefore the assessment duringovement in both directions appears

necessary for the identification of ambidextrous horses. Using the lateral displacement of the
hindquarters as an indicator for lateraliguring riding that is assessead both directionsmight

RSt AGSNI NBadzZ 6a GKFd NS AYRSLISYRSYyd FNBY GKS NA
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Both, warmbloods and Thoroughbreds were assessed in situ and during video analysis. Results
between samples revealed good agmeent of results for the same individualgsing video analysis,
Thoroughbreds could be examined in both directions under the same conditions, thus providing the
first method to observe ambidexterity in horses. The majority of races taking place in Germany are
held in a clockwise direction, which might lead to horses being more adapted to and trained for
racing in this direction as opposed to racing courdieckwise. The observed larger number of right
lateral and ambidextrous individuals in a population bred ferformance mainly in a clockwise
direction indicates that these traits might be beneficial for performandeer@typic correlation
between laterality and number of wins and placings was low and the lateral displacement of the
hindquarters was not relagk between parentsand their offspring on a phenotypic basis.
Furthermore, parameters of success did not directly relate to the lateral displacement of the
hindquarters or the preferred lead, however, genetic correlations were hghhoroughbreds only
(Tables 25 &26). ®lection of other related traits on a phenotypic level might have taken place, thus
changing the structure of the population towards righterality or ambidexterity A high genetic
correlationsuggests that laterality might be useful asiadicator for genetic merit for racing success
and, that horses with a rigkdisplacement might be genetically more prone to obtain a larger
number of wins and placings. However, when interpreting the results, the relatively low sample size
for estimatin of genetic parameters needs to be kept in mind, which might explain the high

heritabilities for placings and wins.

The visual lateral displacement of the hindquartenewed a side bias to the right #te population

basis in warmbloods and ponies tdmwever, since horses were evaluated while standing or walking

in one direction only, ambidexterity remained unnoticed. As observed in other species (Hopkins et al.
2011, Tabiowo & Forrester 2013, McManus 2002, Vallortigara 2006), both directions ofityatera
exist in horse populations, even though one direction of laterality is rfreguent at the population

basis Similar to other studies that revealed the majority of their rather small samples being either
left- or rightlateral according to the diffent methods applied, e.g. leg preference (McGreevy &
Rogers 2005, McGreevy & Thomson 2006, Murphy et al. 2005, Murphy & Arkins 2008), some breeds
among the overall population of warmbloods showed a lateral displacement to the left or right at the
basis ofi KSANJ 6 NBSSRQ& LR LMz | §A2y ® wSddraityRih @ldenbirgsS RA T ¥
bred for show jumping compared to those bred for dressage it seems that the lateral displacement of
the hindquarters is genetically related to certain performani@ats in warmbloods and ponies, too.
Furthermore, a lefidisplacement of the hindquarters was directly related to the competition level in
warmbloods, indicating that this trait might benefit performance especially in dressage (d@ble

Since similar dations of the lateral displacement of the hindquarters to variables of success have

been observed in racing Thoroughbreds, it appears that through phenotypic selection of certain
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performance traits (e.g. number of wins, show jumping index or to some éxtelk 2 NA Sa Q 02 i ¢
the incidence of laterality in the population could be modified towards one directimen though

heritability for laterality in warmbloods was high on the observed scale no results could be
obtained for variables of sport successtill, if the lateral displacement of the hindquarters

proofs to be a reliable estimate, it would indicate that selection against laterality could be successful.

In humans several genetic models have been suggested to explain and predict the inhesfthaite
handednessAnnett 1978, McManus 1985, Dragowtal. 2008, McKeever 2004, Ocklenburg et al.
2017). still, the mechanism behind the genetics of laterality remains unknown in humans as well as in
animals and lateralized behaviours might be diveeseen within the same individual for identical

tasks (Christel 1993).
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Table26: An overview of the laterality during riding, its heritability and its relation to variables of
sport in warmbloods, ponies and Thorougkds

Direction of Level of Heritability
Laterality test Sample population . Sport success  [significance (h?)
laterality
method
Lateral p=0.039 -warmbloods:
. . More common at o
displacement of 3973 Warmbloods &Rightlateral Laterality:
: - . level M and S -
the hindquarters |368 riding ponies h2=0.51
(Chapter 5, sample More common at|p=0.039
B) Leftlateral international and
Grand Prix level
P<0.0001 Laterality:
Achieved single 0.19
Rightlateral wins and placing: placings:
most often h2=0.72
wins: h2=0.66
Lateral 1950 Thoroughbred Remained P<0.0001 laterality &
displacement of  |(Chapter 5sample emaine number of
the hindquarters |p) Left-lateral unplaced most wins:
often '
rg=0.82+0.19
Achieved P<0.0001 laterality &
. chieve number of
Ambidextrous |maximum lad .
number of wins plaangs.
rg=0.70x0.14
. More successful [P<0.0001 not estimated
Outside lead |. ;
in clockwise race
Preferred lead  [1950 Thoroughbred More successful [P=0.022
during flat racing |[(Chapter 5sample [Inside lead in counter
D) clockwise races

Ambidextrous

More successful
overall

P=0.022<0.0001

wAiA RSNDA 88 Warmbloods Rightlateral No relation p>0.05 not estimated
é?;‘ifse;re:t:;jfsgo' Quarter Horses and|-eftiateral No relation p>0.(
g ; other breeds _ _ p>0.05
and rein tension (Chapter 7) No laterality No relation
symmetry
wiA RSNDA Success was  |P<0.0001 not estimated
(preferred side for mainly influencec
dressage tasks) 1286 horses of Matching by human
various breeds directions in handedness; left
(Chapter 4) horserider handed and
P combinations |[amhkidextrous
riders were more
successfull
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8.5 Research question 5Does motor laterality and race track direction affect

performance in racing Thoroughbreds?

Variables of body symmetry are related to risk of injuRarhizan & Palmer 2@, Anderson et al.
1999 as well as racing succesa(ith et al. 2006, Leleu et al. 20080 racingThoroughbred the
preferred lead mostly agreed with the lateral displacement of their hindquarters during races in both
directions. In lefiateral and mht-lateral horses the preferred lead agreed with the direction of

laterality based on the lateral displacement of their hindquarters in situ too. It seems that matching

LI GGSNya 2F FaeYYSGiNE o0SG6SSy GKS I (SNgad RA &L

preference might improve performance. In contrast to previous repd@triey 2001, Biewenast al.

1983, Deuel & Lawrence 1987, Davies)9%ee majority of Thoroughbred race horses seemed to
prefer the outside lead overall, regardless of the diren of the racetrack. However, the amount of
data and whether data were collected at the start or finish of the race remains uné&legormance

in the outside lead could mean that horses have already changed their lead due to fatigue before the
finishline (Williams & Norris 2007However, using the outside lea®ems toprovidean advantage

for their performance.The preferred lead shows slightly different movement patterns compared to
the non preferred lead. In their preferred lead, horses kept astant stride frequency with an
increase of stride length and overall speed (Deuel & Lawrence 1987) as well as positive effects from
respiratorylocomotory coupling (Williams & Norris 2007), which might be a decisive advantage
during racing.Even though ndlirect influence of the direction of laterality on the parameters of
success was found, the lead in relation to the direction of racetrack seems to be related to racing
success. Horses preferring the outside lead in either direction showed the highestenahwins

and placings. In clockwise races the majority of horses without a specific preference were more
successful than horses preferring either lead. In couateckwise races in contrast, the majority of
horses preferring the left (inside) lead permed more successfully. However, ambidextrous and
right-lateral horses were more successful overall. Rigtdral horses seem to be superior in
clockwise races, since they perform better with the preferred inside (right) lead and benefit from the
non-preferred outside (left) lead. In contrast, |efiteral horses seem to perform better with their

left lead only, thus being more successful in courdleickwise races. Still, since the majority of races
are clockwise, righlateral horses might be better tiaed in using the outside lead, thus reducing the
advantage of leflateral horses in counteclockwise races. Ambidextrous horses, even though being
closer to leftlateral than rightlateral horses, appear to be little lateralized and able to adapt to any
direction. Preferring the outside lead regardless of the racetrack, they are able to perform more
successfully than lefateral horses. Laterality as an indicator of performance in both directions as

well as the outside lead during races in either dir@stwas related to racing success. In a population
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bred for and selected according to race performance, a shift towards a higher percentage of right

lateral and especially ambidextrous horses seems to have taken place. In contrast to previous
findings, hoses performing in the outside lead during approach of the finish line in either direction
showed increased succegss Ll2 a8 aAo0f & 0SOFdzaS GKS 2dziaARS fSFR S

at a faster speed

8.6 Research question 6:Does a relationship betwen motor laterality and

shortened or stiff muscles exist?

I NBflFGA2YyAaKALl 0SisSSy fIFGSNIftAGE YR aK2NISySR
one their hindquarters are displaced to), restricting them to bend to the opposite;preferred

side, has been hypothesizearflong time (de la Guérinére733, Steinbrecht 1901, Hinnemann & van

Baalen 2004, Klimke 1985, Loch 2000, Miesteal. 2000, Museler 1933} owever, trigger point

reactions as an indicator for muscle tension, were neitRek NS Oif & NBfIF ISR (2 K2
assessed by their riders, nor the lateral displacement of their hindquarters or to the side to which
difficulties bending were reported by the riders. Even though the present results reject this common
hypothesis, K2 NE SQ& Ydza Ot S adldS YAIKG adAtt AyFtdzsSyoOoS
YR GKS NARSNDRA AYLINBaairzy 2F GKSANI K2NBSQa aARS
lateral flexion (Budras & Roéck 2017, Kienapfel et al. 2017) botdd to the sum of trigger point

reactions of both sides with different proportions, indicating that asymmetries of these muscles may

still influence the lateral displacement of the hindquarters. Furthermore, horses with rein contact

that was perceived ad A y A Gl 6f S¢ 2NJ a@SNE AyaldlofSé Ffaz2 &aKz
suggesting an impact of muscular tension on heaider communication e.g. due to asymmetric

muscle strength andhotor control (Bowen et al. 2017, Scott & Swenson 2009).

AsymnS G NA O Ydza Ot Sa aSSy (2 0SS RANBOGte&e NBtFGSR
symmetry such as tail carriage are influenced by the symmetry rather than the magnitude of trigger

LAYy G NBFOGA2yad 9@Sy (K2dAK dokKifcludeda Od saniple ¥T2 O A y 3
0SaGSR GNRAIISNI LRAYyGazr GKS SEFOG OFdasS 2F K2NES
muscles as such. Tension and asymmetries of muscle chains as a result of osteopathic lesions have
been reported for humansdjore (Wallden 201) and might be another possible explanation. Since

the muscle chains of the large muscle groups of the neck, abdomen and hindquarters enable the
G022ttt SOlA2YyéEé 2F GKS K2NBSI 4 PReBoftAy7ePlecdsRBtEt ( KS K3

al. 19948 = | ol flFyOSR YdzaOf$S adlisS asSSvya G2 oS SaasSy
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the muscle groups responsible for protraction and retraction of the limbs were correlated with the
sum of trigger point reactions. Especiallyetimuscles moving the shoulder and the hip joint,
stabilizing the spine and enabling lateral flexion (Budras & Rock 2000, Kienapfel et al. 2017)
contributed most to the sum of trigger point reactions on both body sides and were most strongly
correlated with asymmetric trigger point reactions indicating that quality of movement might
influence muscular health and vice versa. In fact, muscle asymmetries were related télisagpain

and poor performance in other researddyson & Murray 2003).

According tothe theory behind trigger point massage, trigger points are the areas where the most
tension occurs in uptight muscles (Meagher 1985, Teslau 2006). déwjop a taut band, i.e. a
bundle of contracted, hard muscle fibres with ischemia, hypoxia, cell dangad inflammatory
mediators, along with local and referred pain and a local twitch response (Hong & Simons 1998,
Gerwin 2008) Sensitivemuscle trigger points and pain have a negative impact on muscle strength
and performance as well as on motor cont(@owen et al. 2017, Scott & Swenson 2009, Teslau
2006). Structural asymmetry as well as tensed and asymmetric muscle chains, tsadpensative
changes in posture andhcreased loading of certain structures and body parts while others are
loaded to a leser extent than usuabOyson & Murray 2003Nallden 2011). This has been associated
with an increased risk of injury to those structures in humans (Pugh & Bolin 20B#arét al. 2006,
Cawley et al. 2015) and horsd3y6onet al. 2003, Pearcet al. 2005, Stashak 1995, Tomlinsenal.

2003. In fact, horse injuries were related to the sum of trigger point reactions of the right side.
Especially with bilateral injuries the sum of trigger point reactions of the right side was higher than
with an injury toeither side alone. Since especially mean peak tension was higher in the right rein in
all horserider-combinations, a larger sum of trigger point reaction might be the result of high rein
tension. Regarding muscle state as a reported factor influencifg®hé Q& KSIFf 0K |y R
lameness Pyson & Murray 2003 testing trigger point reactions might be a measure to detect and

treat possible issues and prevent injuries.

z

| 2NESQE YdAOtS adldsS RAR y20( RATFSNI IsldMURA Y 3
different attributes of horseider communication, indicating that even though a good muscular state
could be affected by a large variety of influencing factors, the muscular system might also have the

ability to compensate negative influencetome extent.
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8.7Research question 7 29 R2 K2NBRSQa fFGSNIftAGE | yR

rein tension in different riding styles and disciplines?

Asymmetries in rein tension have been discovered before (Clayton et al. 2003, Stahlecker 2007,
WarrenSmiK SéG Ffd® wHanto FYR FNBX Y2ad tA1Ste AyTtdzsSy
laterality (Kuhnke et al. 2010). Previous research found that riders mainly influenced the amount of
minimum and mean rein tension, whereas therses seemed to determindaé range and maximum

rein tension applied (Eisersio et al. 20Egienvall et al. 2015bStability of rein tension in the present

study seemed to be solely determined by the rider. The mean difference of left and right rein tension

and thus quantitative agnmetry was larger with gait transitionand faster gaits suggesting a

relation of symmetry with speed. Time shift between the peaks of the left and right rein was ten

times higher in canter and seven times higher in walk compared to sitting or risingTeatporal
FA@8YYSGNER YA3IAKG 6S Ay¥FfdsSyOSR o6& (G(KS K2NASQa KSI
and the associated forces acting on the ridBrguschoftet al. 1999a, b & c; Claytoet al. 2005,

Preuschoft 2011)Less time shift would have beeexpected in walk than trot. However, tension

peaks occur at hind limb stance in walk as well as during the stance phase of the inside
forelimb/outside hind limb at canterGlaytonet al. 2005, Egenvall et al. 2015a), whereas in both

sitting and rising wt, spikes are recorded during the suspension phase (Egenvall et al. 2015a).
Furthermore,rising trot seems to enhance horseler coordination (Wolframm et al. 2013) and

provides more stability to the rider (Pehaat al. 2009). Thereforesymmetry and themovement

pattern of the gait as such might be more important than speed. It seems that symmetry is
influenced by several variables and at least two different levels of symmetry (i.e. quantitative and

temporal symmetry) exist.

A significant proportion othe variance of mean standard deviation of rein tension as an indicator of
stability was explained by the rider. Also, temporal asymmetry was greater inhégited than left
handed and ambidextrous participants, thus indicating that the rider, but nethbrse or horse
rider-combinations influence the stability and temporal symmetry of rein tension.-hagftled
humans show advantages such as shorter reaction times and improved skill of thallononant

hand Steenhuis & Bryden 1999, Rousson et al. 2089 well asuperior proprioception in both arms
(Schmidt et al. 2013Yhey perceive grip force more accurately, thus being able to perform superiorly
in bimanual tasks (Judge & Stirling 2003) amare symmetrically overall (Adamo et al. 2012). The
strength of handedness also seems to influence time perception especially with ambidextrous
individuals differing from those with stronger handedness (Westfall et al. 2010). These attributes
might explain the advantage of lefianded and ambidextrous riderstime present study for trying to
1SS I a2Fd FyR adlrotsS O2yidl Othanded individuals shewdd Sa Q Y
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asymmetric perception and grip force in previous research, when their right hand was generally
stronger than their left (Adam et al. 2012), which seemed to be true for the majority of right

handed riders in the present sample.

The magnitude of reitension was not influenced by human handedness alone. The total variance of
mean rein tension in the present study was equallyueficed by the horse and the rider. The
magnitude of rein tension differed significantly between the directions of laterality. Therefore,
guantitative asymmetry might be related to different directions of laterality in heider-
combinations, in contrasto temporal symmetry. As documented previously (Kuhnke et al. 2010)
higher rein tension was applied to |dfiteral horsescompared to rightiateral horses or horses
without reported laterality. Righhanded riders applied lower mean and peak tension teske with
matching (right) laterality than to leftlateral horses and horses without reported laterality (Figure
143). In contrast, lefhanded riders applied higher mean and peak tension teliéiral compared

to other horses (Figure BY. Ambidextrousriders seemed to be comparable to righanded
individuals for mean and to leftanded individuals for mean peak tension (Figur&)14However,
results have to be regarded carefully, since only two ambidextrous riders participated and only rode

right-lateral horses.
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Right- No
lateral laterality

Right-
handed Ambidextrous

handed

Figure 143 Schematic amparison of mean and peak rein tension overall between the different
RANBOGAZ2Ya 27F K2 NE&neineds inh@dNderf canib@atidnyBaxeKrp@sént/
riders and trianglesepresenthorses in horseider combinations) Thesize of the boxes resembles

the magnitudeof mean and peak rein tension within laterality and handedness, respectively. The size
of the arrows indicates the proportion of mean and peak tension (red: meghpeeak tension in
right-handed riders, blue: mean tension ambidextrous riders, turquoise: mean tension of left
handed riders, yellow: peak tension of Kfanded and ambidextrous ridersjean tensionp=0.04

mean peak tension p=0.03

In the present wdy, riders applied higher peak tension to the right rein on straight lines, regardless
of the direction. Except for straight lines countdockwise, when higher peak tension was applied to

the outside (right) rein, rein tension was asymmetric and stengn the inside rein on circles
counterclockwise (left rein) and on circles and straight lines clockwise (right rein). Stronger mean
tension regardless of the direction was recorded in the inside teim,(Figure 14). Attributes such

as muscle strengthnd grip force of individuals have repeatedly been documented to be lardbe
dominant hand $teele 2000, Klum et al. 20)lid female and righhanded individuals for a variety of
tasks, but also when holding the reidabbs et al. 2014)This applid to the majority of riders in the
present study and suggested a possible relation to human handedness. It has previously been argued

that the nondominant (left) handn righthanded riders is weaker and therefore produces stiff and
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tensed rein signals agpposed to the soft and flexible rein signals given with the dominant (right)
KEyR 0280KS Hnnnood ¢KS LINBaSyl NBadzZ 64 K2sSOHSNE
left hand is able to act more sensitive, whereas the dominant (right) handuzes stronger and less

flexible rein tension patterns, which has also been observed previously (Stahlecker 2007, Kuhnke et

al. 2010).

<€ >

i

Figurel44: Schematic comparison of mean rein tension on circles and straight lines invidedkeft
side) and counteclockwise (right side) directions. The size of the arrows indicate the proportion of
mean tension (blue: right rein, reteft rein, p=0.M03)

Rein tension asymmetry was stronger on a circle especially when it comes to tilitystaf rein

contact revealing higher standard deviation in the inside rein, regardless of the direction. According

to the riding literature, he outside rein is supposed to control the impulsion from the inside hind

fAY0 a ¢Stf | a (08K SH /KR2oNEIS Qlal a4 dfIFIR2 Nl adz G KS K2 NA& ¢
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determines the position and size of the circle (Podhajski 1967). The inside rein however, is supposed

G2 O2y iNBf G(KS LRaAGAZ2Y 2F (GKS K2NBRSQ&a nika®l R F YR
and maintains the bend created by seat and leg signals (Auty 2003, Podhajski 1967). Hdweever, t

dzaS 2F GKS AYaARS NBAY Ay SAUGKSNI RANBOGAZ2Y YAIKID
limbs of on a circleand the relation of reint¢g a A2y GAGK GKS K2NBRSQa Y20S
Chateau et al. 2013) and might therefore be unavoidable. Another impact factor might be that riders

are unable to use thé¢ NBy I Qa gl ffa& |a | 02dzyRINE KapitRRe 2 NA Sy i
2007) and a&e more likely to use their inside rein to cover up difficulties in communication with their

horse via seat and leg signals. In up to 93% of hodes pairs, pelvic asymmetry has been reported

(Browne & Cunliffe 2014). Riders tilting their pelvis to site transfer more weight to the opposite

AARS 27F (K SGuNdeKad RIAGS NS et all- 201P) théis giving unintended signals to their

horse. Asymmetries of one body part often lead to asymmetries in another body part through muscle

chains (WHden et al. 2011). Laterality is suspected to cause asymmetry of the shoulder region with

the nondominant shoulder being higher and possibly leading to pelvic tilt and medial rotational
instability of the dominant leg (Wallden et al. 2011). In riderstiog their shoulder, more weight is

transferred to the side of the rotation (Gunst et al. 2019). If a Aggmtded rider is higher in his left

aK2dzZ RSNJ YR aKz2ga LISEOAO GAtd G2 GKS NRIKG & |
more weight due to the asymmetry of both, the left shoulder and right pel@siife et al. 2016,

Gunst et al. 2019, Wallden 2011). In order to create more even pressure and improve their balance

2NJ aAYLIX e (2 | RRNBaa 0KSA Nbot&eethal disantigHt) Shouldary 8 = N

increasing rein tension in the process.

5SLISYRAY3I 2y (KS RANBOUA2Z2Y 2F (GKS OANDES FyR (fF
FYAYFGS GKS NARSNI (2 aO0O2NNBOG¢ G KHieindd2 b0.STheg A (1 K &
YSOKFYAAdaY 0SKAYR KAIKSNI NBAYy GSyaArzy -praféred RA T FA (
&ARS YAIKG 0S AdGa GSyRSyoOeé (2 RNATFG G2¢6F NRa (KS
creates the impression of bag flexed towards the opposite sidKlimke 1985, Miseler 1933thus

animating the rider to use the inside rein in order to support the inside leg signals with rein signals.
Horses that are difficult to ride in both directions might be unbalanced andindelLJLX S F2 NJ G K S
signals at allKlimke 1986 @ Ly O2y 4N} ai>x K2NAERSa GKIF G LISNF2N)Y ¢
Ffa2 0SS NARRSY 6AGK KAIKSNI NBAYy GSyairzy oSOl dzas
directions or the rider mighD2 @S NJ 1 KS K2NBRSQa RATFTFAOdMzZ GASE 6AGK
head and neck position (Kienapfel 20Kienapfel & Preuschoft 2016This situation might be the

reason for the impression that most horses perform easier in one direction than thex.dtlowever,

the theories and demands of the riding literature have been established based on the subjective
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experiences and impressions of the old riding masters (2egla Guérinére 133). The demand to

ride with stronger contact on the outside rein ddualso be a compensatory mechanism for the
AYGSNI OlGA2y 2F (GKS K2NESQa &AARS LINBTFSNBYOS FyR
AYaARS NBAY K26SOSNE YAIKG 68 Y2NB yIFdGdaNIt | OO2N

However, many ridersdve difficulties in correctly assessing their own rein cont8talflecker 2007,

Clayton et al. 2013, Hawson et al 201 KS NA RSNR& LISNOSLIIA2Y 2F NBAY
1978, Stahlecker 2007) and often varies between left and right hands (WEDE) as well as

between different riders (Randle et al. 2011, Hawson et al. 208#hce the material of the reins

(Randle et al. 2011) and the hors&tghlecker 2007, Clayton et al. 2013, Hawson et al 2€dd be

excluded as influencing factor, theason might be the applied grip force as a result of human
handednessKlanagan 1996, Flanagan & Wing 1997, Weber 191@) stability of rein contact seems

to be directly related to the magnitude of rein tension and may deliver more reliable results hiean t
NARSNRa lFaasSaavySyd 27 GKSdquaiditaive asymidetkyywasOaggriint OG & C
LISNF2NXI yOSa LISNOSAGSR a a@d8YYSGNARO gAdK FEf R
better indicator for the assessment of asymmetry than mdansion alone. The present results

YAIKG SELX LAY YR FdzNIGKSNI adzLILR2 NI GKS FI 04 GKIG
showed a significant relation to rein tension symmetry. Even though stability of rein tension is
determined by theridef K2 NBSQa f I GSNI f Ade& &aéh$waderhas tordsaf t dzSy O
with.

8.8 Research question 8Which influence could the matching of horserider-

laterality have on communication, training, risk of injury and sport results?

Even though latelity and its effects on health and performance have been studied intensively in
humans (McManus 2002, Raymond & Pontier 2004, Economist 2004, Auerbach & Ruff 2006,
Clotfelter 2008), it has hardly been regarded in relation to equestrian spbidsvever, pevious

research with righthanded riders only, indicated an advantage according to the magnitude,
symmetry and stability of rein tension with matching directions of laterality in haoidsr-
combinations (Kuhnke et al. 201Gjowever, ein tension seemetb be increased with leftaterality

in horses and riders, especially in the combination of-heftded riders on leftateral horses. The

present study, therefore, seems to support these results only for a combination oflaiggnality in

both riders alR K2 NAS&a® wS3IFNRAY3I NBAYy GSyairzy @FNARFof S
laterality, contralateral combinations produced lower rein tension. These results might mirror the

findings based on the survey, indicating that the handedness of tlee might be more important to
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ddz00Saa yR al TS ean youd horsek synimein0ai trubkl miov@emMdnt séeing to
improve after several weeks of training (Nisserakt2016b) and symmetrgoes not differ between

elite and medium performers ifmThoroughbreds or Standardbred trotters (Leleu et al. 2005)
Therefore it seems that asymmetry is no advantage for horses during equitation, even though many
horses are asymmetric by nature e.g. due to pelvic asymmetries present as early as at birtre{Lucidi
al. 2013).In humans howevermore demanding tasks require action of additional brain regions
(Weissman & Compton 2003). Dividing tasks between both hands and thus the different brain
hemispheres speeds up processing. The advantage of the dominant isagckater, the more
difficult the type of movement is (Weissman & Compton 2003). Therefore, bimanual coordination of
e.g. a soft and equal rein contact when each hand has to react to a slightly different situation created

by the horse, seems to be moréfitult than to simply hold on to an object.

Right-
handed

Figure145: Schematic overview of the magnitudgréenarrows indicate the rein with higher mean
tension (p=0.03) and peak tension (p=0.04)) and stability (purple arrows indichee rein with
higher mean standard deviation (p=Q)) of left and right rein tension in 106 horseler
combinations(Boxes resemble riders and trianglessemble horses in horsgder combinations).
Doublearrows resemble equal rein tension values. Arramsthe left or right side resemble the left
and right rein, respectively.
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When it comes to the direction of laterality and handedness in hoiter-combinations, rein

tension was higher in the dominant hand and less stable in the dominant baritle ho& S &

preferred side withright-handed riders (Figurel45). Regarding the riding theories, a Kdteral

horse would tend to avoid contact with the left rein and lean on tight rein overall (Klimke 1985,

Miiseler 1933). The horse actively increaseis tension on the side of thalA R dohiRait (right)

hand With their dominant hand, righthanded riders ar@lso more likely to apply higher tension and

which prevents that thér non-dominant (left) hand creates symmetric tension while trying to

prevert the horse from avoiding contact. Since a relation of the magnitude and stability of tension

has been shown in rightanded riders of a smaller sampteo (chapter 5, contact in the right rein is

less stabl€Figurel46).

Horse: avoids rein
contact

Rider: intends to
create even rein
contact

11

Right-handed rider & left-lateral horse

Horse: leans on
rein
Rider: applies
higher rein contact

with dominant
hand

Figure 146. Schematic overview of thenagnitude (mean rein tensiorgreenarrow, p=0.@3) and

stability (mean standard deviation, purple arrow=0.0) of rein tension during the interaction of
right-handedness and lefaterality in a horseider combination Double arrows indicate equal rein
tension valuesThe pair of arrows on the left indicate theft rein. The pair of arrows on the right

indicate the right rein.
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In contrast, almost symmetric rein tension according to mean tensionnaean standard dewation
were found inright-handed riders on righlateral horsesRightlateral horses would tend to avoid
contact with the right rein and lean on the left rein overall (Klimke 1985, Miseler 1988)e right
handedriders, however, seento be able to maitain contact with their dominangright) hand, they
prevent the rightlateralhorses from leaning on the left rein asuch which creates the impression of

symmetric and more stable rein tensi@ligurel47).

Right-handed rider & right-lateral horse

Horse: avoids
contact
Rider: creates even
contactand
maintains
connection with

Horse: tries to
lean on rein
Rider: creates
even rein contact

dominant hand

Figure 147 Schemati overview of the magnituden{ean rein tensiongreenarrow, p=0.®@3) and
stability (mean standard deviation, purple arrow=0.a) of rein tension during the interaction of
right-handedness and rigHaterality in a horseaider combination Double arrowsndicate equal rein
tension valuesThe pair of arrows on the left indicate the left rein. The pair of arrows on the right
indicate the right rein.

Rein tensionin left-handed ridersg I & KA 3K SNJ 2 y-prafeicé site2dhihité thedhorse? y
leaning moe onthatNBAY |y R fSaa aidlof S whaefe itiriesSto d/@dNES Q &
contactwith allcombinations (Figure$45, 148 & 149, Klimkel985, Miseler 1933).
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Horse: avoidsrein
contact

Left-handed rider & left-lateral horse

Horse: leans on
rein

Rider: tries to
create rein
contact

Rider: intends to
maintain even
contact

Figure 148 Schematic overview of thenagnitude (mean ein tension, greerarrow, p=0.®3) and
stability (mean standard deviation, purple arrow=0.a) of rein tension during the interaction of
left-handedness and lefaterality in a horseider combination Double arrows indicate equal rein
tension valuesThe pair of arrows on the left indicate the left rein. The pair of arrows on the right

indicate the right rein.
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Left-handed rider & right-lateral horse

Horse: leans on ' s Nl T 1 Horse: avoidsrein
rein o et 7 R contact

Rider:intendsto |~ - T R Rider: tries to

maintain even S R T il S create rein

contact SO o ; e N contact

Figure 149 Schematic overview of the magnitudméan rein tensiongreenarrow, p=0.@3) and
stability (mean standrd deviation, purple arrowp=0.a) of rein tension during the interaction of
left-handedness and rigHaterality in a horseider combination Double arrows indicate equal rein
tensionvalues.The pair of arrows on the left indicate the left rein. Thairpof arrows on the right
indicate the right rein.

These results once again indicate that the ridieterminesthe stability of rein tension, which is

based on the situation created B¢ 2 NHa@@ldly. Righthanded riders seem tdependupon their

dominant hand while trying to compensaie K S A NJ |aefaliyi Sigyésting a strong influence of

human handedness on rein tension. Lbénded riders in contrast seem to be independent of their
dominant hand thus supporting the theory of léfanded indiviluals being less lateralizeGgble &

Brown 2008 MicK | U2 6 &1 A 3 Rbussork & &.-2009)m contrasE to the righhanded

sample which contained a broad number of any riding |eedi;handed riders in the present study

were ridingeither at basic oradvanced levelThereforeit seems that lefthandednesgather than

experience alonenight indeed enable the rider to actore independently of their own handedness

GKSY GOGSYLIWAYy3a (2 aO02NNBOGe GKSAN K2 swp&iooa € GS

performance of lefthanders during cmplex bimanual tasks has been documented before (Judge &
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Stirling 2003,Adamo et al. 201 They perceived grip force more accurately and were able to
perform more symmetrically (Adamo et al. 2012). Righnders in contrast, showed asymmetric
perception and grip force possibly because theaittention isbiased toward their right hand during
bimanual coordination (Buckingham and Carey 2009, Peters X2Bimo et al. 2012 They seem to

move their right hand faster and more readily than their left (Buckimghet al. 2011) Bilateral
training of tasks is argued to potentially modify the performance of-dominant limbs (Teixeirat

al. 2003). Practicing a task means its performance becomes less difficult and the advantage of the
dominant limb decreases (Wemsan & Compton 2003)Iin fact, righthanded individuals showed
asymmetric performance when their right hand was generally stronger than their left. With equal

general strength or the left hand being stronger, asymmetry decreased (Adamo et al. 2012).

Simikr to bimanual contact, rein tension was higher l@ft-lateral horses andowest in horses

without reported lateralitywith one-handed rein handling. Rein tension was lower when the hand

K2t RAy3a GKS NBAya Yl GOKS RithiighBateKaPhdiBesh@laft hanbwitS NI € A G &

left-lateral hors¢. However, except fohorses without reported lateralityand left-lateral horses

during righthanded rein handling NBAY (Syaizy ¢l & KAIKSNI Ay (KS

(Figuresl50 & 151). It seems that human handedness might interact wiit2 NJa®@lidly with one

handed rein contact as well, only with much less rein tension involved. The lower rein tension values
(approximately 23 Newton with a lefiright difference of up to one Newnh) are most likely due the

riding style producing less mean tension in general and the reins being held in one hand. Even with
one-handed rein contact and a loose connectinders appear to prevent their horse from drifting

with the nonpreferred shoulde and avoiding the rein of the preferred side. However, only when
using their noAR2 YA Yl yi fSTlid KIFIYyR NARSNAE ¢ Sdelinaht&ifleS G 2

without their own handedness interfering with rein tension.
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Right- \[o} Left-
lateral laterality lateral

I I B | |

Figure150 Schematic overview of the magnitude (size of asémdicates the proportion of mean
rein tension) ofleft (red arrow) and right (blue arrowgin tension during ondnanded rein handling
of right-handed riders with the dominant (right) hand and hasseith different laterality(p<0.0001)

Right- \[¢) Left-
lateral laterality lateral

[ I .

Figure151 Schematic overview of the magnitude (size of asamdicates the proportion of mean

rein tension) ofleft (red arrow) and right (blue arrowgin tension during ondnanded rén handling
of righthanded riders with the nomlominant (left) hand and horses with different laterality

(p<0.0001)
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Mean peak tension was higher in the right than the left rein for all hoider combinations.A

potential explanation for this ithe stength of the dominant hand in rightanded riders $teele

2000, Hobbs et al. 2014, Klum et al. 2012)en though lethanded subjects seem to perform more
symmetrically when it comes to grip forcAdamo et al. 201R they use their nordominant hand

more intensively than righhanded subjects Steenhuis & Bryden 1999, Rousson et al. 2009).
Therefore,one possible explanation for stronger tension of the right rein inteftded riders could

be overcompensation with their nedominant right hand when ridig right-lateral horses which

avoid contact to the right rein. Horses without laterality showed higher mean tension and less
stability, especially in the right rein with all riders. In addition, rein contact of these horses was
assessed incorrectly. Riddr8S NOSA @SR | NI GKSNJ KAIK NBAY GSyaazy
fAIKGISal Oz2yidl O é6Fra RSAONAOSR a GaldNRydIEd ¢KAaA
balanced in both directions, even though no laterality has been perceiveddyriters. However,

h2 NBES& 6AGK @28 NBE2 NK HINKVNEA Rdery showedy frgnge? dagger point
NEFOlA2ya 2y GRS/ Af237a0 (KNIRE doSo3KRRNDF G Ay 3 GKIF G GKS
GKEFENY2y&¢é YAIKOG KI @SinteSBrythay N suppliedzsiofie h@sg andB

that rein contact rather than muscle state might be a more suitable variable to assessritEnse
communication.Furthermore muscular balance seems to support a stable connection between the

K2NERSQ&ayR2dzKE& NARSNID& KL yRderconyfridnicétikndzd A YLINRE #Sa K2

Results of the surveyndicated that similar to other sportsClotfelter 2008, McManus 2002,
Raymond & Pontier 200Q4left-handed and ambidextrous humans might be more successful and
compete at higher level than rightanded individualsWith the rein tensionsample however, this
hypothesis could not be supported since indicators of sport success, such as the number of wins and
placings and the competition level, were not significanthatedl to handedness, laterality, specific
horserider-combinations or rein tension as such. Significant differences in rein tension between
combinations competing at national vs. international level and leisure riders seem to be more
influenced by riding sle, accounting for the fact that the majority of horsder combinations
competing especially on international level were Westernersd whereas most conventional

Europeanriders of this sample did not compete at all.

Rider handedness has been regardeda possible influeimuy factor for asymmetries in rein tension

leading to an increased risk of mie@uma and repetitive strain especially of the shoulder region.

(Pugh & Bolin 2004)Information based on the surveleads to the assumption that riskof

Ydza Odzf 241 St SGFf AyedaNE Ay GKS KdzYly KFyRAZ I NXYa
system might be related to lateralitffhe dominant hand might be at high risk in rigf@nded riders,

whereas lefthanded riders might be more prone to ingutheir nondominant hand, however a
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relation of these results with rein tension could not be documented witthmuch smaller samplef

horses and riders available for rein tension measuremefitee risk of musculoskeletal injury in

horses and riders wasot related to laterality and handedness nor did injuries influence rein tension

directly. However, human handedness and the direction of laterality in hodee-combinations did

seem to influence rein tension in relation to injuries especially in horstEsan rein tension was
KAIKSNI 6KSy K2NRS Aya2dz2NARSa ¢S NBdomidard sidéRvBdteas2 y (1 K S
rider injuries seemed to be related to rider handedness and matching directions of laterality ir horse

rider combinations. Additionallyhorse injuries were related to the sum of trigger point reactions of

the right sidewhere the highestmean peak tension was in all horgder-combinations These

results indicate that an interaction of rein tension, laterality and the muscular systent ewgt.

8.9 Research question 9Which other factors might influence rein tension,

symmetry and performance?

Additional sports are commonly discussed and recommended among riders for a balanced training
and improved health and performance. In the preseamgple, the majority of participants were
active in additional sports that aim improve overall strength and stamina instead of coordination.
This could be a possible explanation for the relat@frsports activity with a larger spread cin

tension.

Rders who were unfamiliar with the horse ridden during tiest session appliecblwer mean tension
more symmetrically compared to riders participating with horses they ride on a regular, basis
supporting results of previous research (Kuhnke et al. 202®pmiliar tack e.g. saddlesme known

to influence performance even on a moddiorse Biau & Debrils 2006 but also psychological

reasons might be an explanation.

Rein tension in convention&uropeanriding with snaffle bits or bitless bridles was higlaad less

stable throughout all gaits, transitions and manoeuvres compared to Western riding. The reason lies
most obviously in the different aims and techniques of the two riding stiNdéissneret al. 2000,

Museler 1933, Podhajski 196Holm 2008, Schrdi2014). Havever, hases bred for Western riding

and especially American Quarter Horgesvealed lower more stableand symmetricrein tension

compared to warmbloods or other breedso, regardless of the riding styléAmerican Quarter

Horses seem to be ks lateralized at theopulation basisWhishaw 2015, Whishaw & Kolb 2017).
However, 8 Yy OS NBAY (SyaAizy @l tdzSa asSSy G2 oS NBftl SR
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(Preuschoft 1999a, b &)cthe different breeding aims and their resulting difley OS Ay (G(KS K2

pattern of movement might explaitihe differences between the horse breeds.

The distribution of pressure varies according to different types of bits and briBkesigchoftet al.
1995, 1999a In the present study,ain tension valuesvith curb bits (neasured inWestern rides
only) werelower compared to conventiondiuropeanor Western rides with snaffle bits and bitless
bridles./ dzZNd o0Ada AYyONBIFrasS LINBaadaNBE Ay GKS K2NASQa
magnitude of rein tensin that might be necessary to receive the desired reaction from the horse
(Preuschoft 1990b, Preuschdadt al. 1999a & §. The impression that curb bits might reduce harse
rider communication to minimum signals with less peak tensions in Western ridifgniled
correctly (Wienrich 2011)night be possibleHowever, the effect of the curb chains that was used by
some, but not all riders was not specifically considered in the present sth@yuse of bitless bridles
amsi2 NBRdzOS LINE & andaMiS In prévioud Kigliesknd Nilererieé of rein tension
between bitted and bitless combinations were document&dagrenSmith et al. 2007, Bye et al.
2017, Kubiak et al. 20107 except forthe bitless LG bridle as used in this sampler(mann 201} In

the present studyrein tension and converted pressure expected on the bridge of the nose were
higher than with singlgointed snaffle bits.Accounting for results showing that the bridge of the
nose is sensitive enough to be damaged by tight noseba@dsg( et al. 2017, the use ofbridles

with correctly fitted bitsand nosebandistead of bitless bridles might improve horse welfare. Rein
tension was higher in combinations of bits with bridles prohibiting jaw openigpecially with
tightened nosebands,riles that restrict jaw opening and thus prevent the horse from chewing the
bit, might negatively affect horse welfare and mask problems in hdder communication
(Kienapfel & Preuschoft 2010, Doherty et al. 2016

Bimanualrein contact and bridged res were less stable and less symmetric than-baeded rein
contact. However, in addition to the effects of the riding style, bridged reseem toimprove
stability (lower mean standard deviation) and symmetry (smaller time shift) of rein ternsomsjby
becausethe gravitationalforces acting on the rider are transferred from both hands to each rein.
Larger temporal asymmetry and less stability were found when the reins were held with the
dominant right hand (rightanded riders only), suggesting thedordination might be better with

the nondominant hand in ondanded reirhandling (Figurd52).
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Right-handed Left-handed

Figure152 The temporal symmetry (distance in time between the peaks of the red (left rein) and
blue (right rein) linesp=0.001) and stability (mean standard deviatioparple arrows p<0.000} of
right-handed versus lefhanded rein handling

Onehanded rein contact (righhanded riders only) with the nedominant left hand led to larger
guantitative asymmetry and higher mean teosioverall in the right rein compared to the left
possibly because the right reins might have been held slightly longer. The lefshants to be held

not as close to the median plane of the horse as the right hand, thus leading to asymmetric rein
tensionand less quantitative symmetry. This assumption is supported by the fact, that horses with a
left displacement of their hindquarters were ridden with slightly higher rein tensiorhiafided,
whereas the same magnitude of rein tension was applied to reovgth their hindquarters displaced

to the right with either hand. Rein tension of the side opposite to their lateral displacement was
slightly higher(Figure 18). With horses being bend in one direction through their body e.g. due to
their hindquarters leing slightly displaced laterally, rein tension of the inside rein is applied directly
whereas rein tension of the outside rein is beigflectedo @ G KS K2NBSQa ySO]l 0t NX
communication)) which could explain the present findings of uneng@m contact even during one

handed rein contact.

272



Right- | Left- Right- Left-
Displace Displace- Displace Displace-
-ment ment - ment

Right-handed Left-handed

Figure153 The magnitude of mean reitension =0.0002) in the left(red arrow)and right(blue

arrow) rein of horses with their hindquarters displaceathe left or right ridien either lefthanded

orrightKF YRSR® wSAyYy GSyairzy ¢l ad KAIKSNIAY GKS NBAY :
displaced hindquarters and leftanded rein handling produced larger asymmetry due to higher

mean tension in the right rein.

Rideas with a preference of rein handling with their dominant, right hand showed more symmetric
rein tension with higher mean and peak tension when using their preferred right (Figdre 18).
Peaks in riders preferring the natominant, left hand however, gre twice as high with their
preferred left hand whereas their nepreferred, dominant, right hand was associated with higher

mean tension and less stabiliffrigure 155)
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Rider prefers the dominant right hand

Right-handed Left-handed

Figure154: A schematic overview of the symmetry betwekeft (red arrow) and right (blue arrow)
rein tension and mean peak tension (orange arrow) in rlggnided riders preferring to hold the reins
with their right hand(all p<0.0001)

Rider prefers the non-dominant left hand

Right-handed Left-handed

Figurel55 A schematic overview of the magnitedmean tension overallgreenarrow) and stability
(mean standard deviation overall= purple arrow) of rein tension as well as mean peak tension
(orange arrow) in righhanded riders preferring to hold the reins with their left hafadl p<0.0001)
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Higherpeaks with lefthanded rein contact might be caused by the position of the hand relative to

the median plane of the horse. Similar results of higher tension in the right rein have been
documented with bimanual rein contact. It seems that the left hand miggh advantaged when it

comes to taking up a light contact overall. Holding the reins and communicating through the
YEAYGSyryO0S 2% | fA3IKG FyR adSrRe O2yidl Ol G2 GK
practice. Research has shown an advantafjeosrdominant hands for proprioceptive tasks, which

could explain why the nedominant (left) hand in righhanded riders kept a more stable and

symmetric contact (Han et al. 2013).

Improved performance imne-handedcompared to bimanual tasks has alseeb documented by
other researchi{Han et al. 2013). In rigiitanded subjects, that are equally strong with both hands or
with their nondominant left hand, the perception and symmetry of grip force is better than for
those with most strength in their domamt, right hand(Adamo et al. 2012). Assuming that this might
have been the case in those participants preferring their-dominant left hand foone-handedrein
contact, it mightbe another possiblexplnation forthe difference in symmetry of rein teim that

was observedit might be an advantage for riders to train their proprioception and keeping a light
and steady contact through bridging their reins and holding the reins in one hand. Riders who are
strong with their dominant hand might profit frortraining the grip force and perception of their
non-dominant hand, especially if they ride horses with mismatching directions of laterality. In
O2y (N} al G2 GKS NBadzA# Ga F2N K2NESQa gAlKz2dzi fF G
sampleused for recordingone-handedrein tension might actually have been less lateralized than
their conspecifics with a reported side preference. However, these assumptions need to be

investigated on a larger sample of homséer-combinations including lefhanded riders.
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9. Conclusion

9.1 Is there agreement between laterality tests used in horses?
and in particular:

9.2 Do laterality test results obtained on the ground relate to laterality during

riding?

Laterality seems to be manifested in different waggen within the area of motor laterality. These
ways arenot necessarily related to each other. Consequemdists based on sensory laterality, are
not useful to conclude on motor laterality. Laterality test results obtained on the ground, such as leg
preferences do not predict laterality during riding. It seems that the sole assessment of body
characteristics which are present in every individual, such as the lateral displacement of the
hindquarters, the direction of mane or facial hair whorls, mightyobke useful indicators for

individuals with distinct lateralityThe lateral displacement of the hindquarters can give a hint on the

direction of laterality during riding in most horses.2 4 SOSNE (G KS | dadzYSR A YLI (

performance during ridingvhich is perceived as a side preference has never been investigated.
Furthermore ambidexterity might be missed if the method is applied while standing or walking in
one direction only. Therefore, horses need to be assessed in both directions and thequtdéad

during flat racing needs to be considered in Thoroughbreds @iataining results on the lateral
displacement of the hindquarters as well as the preferred lead from video analysis seems to be a

reliable and reproducible method for large samplé¢ § 3 ® ¢ KS NARSNDa | aas

QX

laterality seems to be the only method to predict laterality patterns of rein tension. [@itezal

ay

Ny

RAALI F OSYSyild 2F GKS KAYRIdzZ NGISNE FyR (KS NARSND

seem to be diretly related. Nevertheless, the position of the hindquarters might contribute to the
NARSNRA LISNOSLIiAz2Yy 2F GKSANI K2NBRSQa |adayyYSiNe
as it has been assumed so far. However, the relation of these aspkdédemlity need further
research with larger samples showing distinct laterality pattefifee agreement between different
aspects of laterality in horses seems to be limited to specific measures and outcomes. Attention

should be paid to the desired infmation when selecting methods for assessment of laterality.

276

Iy



9.3 What is the most common direction of motor laterality in the populations of

warmbloods, ponies, American Quarter Horses and Thoroughbreds?

A rightbias is the most common direction basedd®K S 62 R& OKI NF OGSNRAGA O a it
2F (GKS KAYRIljdzF NOSNEBE AY S N¥Yof22RasE LREKMBE | YR
common direction of motor laterality during riding or flat racing dosot seem to exist at the

population bais for horses in generalVestern breeds appear less lasdized, both individually and

at the population basis. Ambidexterity exists in Thoroughbrddserefore, even though aght-bias

might be most common ahe population basis for one aspect of motaterality, evaluation of this

one aspect alone is insufficient to receive a reliable result. Ambidexterity might exist in warmbloods

and ponies too. However, further research is needed to develop methods of identific&inoe

there appear to be mangactors influencing horseider communication and symmetry, it seems that

laterality during riding cannot be precisely defined yet.

94L& GKS fFOSNIXt RAALIFOSYSYyl 2F GKS KAy
motor laterality and if so, what is the hetability in warmbloods, ponies and
Thoroughbred?

¢KS NARSNDA F3asSaavySyid 2F GKSANI K2NBESQ&a I SN f
NEAY GSyarzy YSIadiNBYSyidad ¢KSNBEF2NBEZI Ay 2NRSNJ
riding, itseems to be the method of choice. The lateral displacement of the hindquarters does not
conclude on laterality during riding for all horses. It influences rein tension symmetry less than
expected and¥ A AKG O2y G NROGdziS (2 G KSQANARASENINAS GLNENIASYLIGIA 2
way as it has been assumed so far. A relation of trigger points to the lateral displacement of the
hindquarters does not exisfAgainst the common assumption of most riding literature, it does not

seem to be the mainreasonfd K2 NESQ&a fFGSNIfAGE RdAdZNAY3I NARAYy3IOD

StillL, KS € FGSNFt RAALIFOSYSyld 2F (GKS KAYRIjnatoNIi SNE 2
laterality that allows the identification of ambidextrous individualg. during flat racingObtaining

results on thelateral displacement of the hindquarters as well as the preferred lead from video
analysis seems to be a valid, reliable and repeatable method for large sampleBsags.a body

OKIF NI OG4SNraidAO GKFEG A& FNBS T NIHtYighi fag the goie@idlF S NB y C
to objectively identify ambidextrous horses in the riding horse population as Welhg a more

objective method might improve the identification of laterality during riding and enable a correct

prediction even in juvenile indiduals, thus supporting the identification of suitable horgder
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combinations, improving the effectiveness of training and communication especially for
ambidextrous horses and enabling riders and trainers to distinguish between ambidexterity and
GSljfd tLI22NE LISNF2NXIFyOSo

Similar to humans, lefiaterality and ambidexterity appears to provide an advantage for sport
success. The lateral displacement of the hindquarters seems to be genetically related to performance
traits such as the number of wins, tsiow jumping index or less frequent coat colours. Therefore,
laterality based on this assessmemtight bea usefulindicator for genetic meribf these traits.Even

though laterality does notseem to benfluenced by parental behaviouthe phenotypic seiction of
certain performance traits has the potential to modify the incidence of laterality in the population

towards the desired direction.

Future analyses shouldurther investigate the influence of the lateral displacement of the
hindquartersonreii Sy aA 2y FyR (K2 FNNRSNDNA KR WENR@EA Az S NI
Laterality and the relationships to sport success should be further investigated at the genetic level as

well asdifferent trait definitions and assumptions of genetic atebture such as, for example,

considering laterality as a binary trait (e.g., ambidextrous vs. either right or left lateral).

9.5 Does motor laterality and race track direction affect performance in racing

Thoroughbreds?

Matching laterality patterns of hors2a KA Y RIljdzr NI SNAR FFyR GKSANI fSIR 3
during flat racing. The lead in relation to the direction of racetrack seems to be the decisive factor for

racing success as horses approaching the finish line in the outside lead regardlesdioédtien of

racetrack were more successful overall. With the majority of races being held clockwise,
ambidextrous and righlateral horses perform superiorly. Therefore, laterality seems to be a useful

indicator to predict performance in both directions.

9.6 Does a relationship between motor laterality and shortened or stiff muscles

exist?
adza Ot S adlrdsS YAIKG | OlGdzartte AyFEdzSyoS GKS I (SN
AYLINB&a&AZ2Y 2F GKSANI K2 NA S Qider corniRiBcatibdNEspeSiNB yied S | &
muscles moving the shoulder and the hip joint, stabilizing the spine and enabling lateral flexion

contributed most to the sum of trigger point reactions on both body sides and asymmetric trigger
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point reactions. Therefore, quajitof movement might influence muscular health and vice versa.
Muscular balance rather than the absence of tension a@edsitivetrigger points seems to be
important for symmetry. Tail carriage could be a useful indicator of muscular balance. Testing trigge
point reactions might be a measure to detect and treat possible issues and prevent injuries.
However, also the magnitude and symmetry of rein tension has the potential to impact muscular
balance. Therefore, riders should train to apply rein tension g% land equally as possible and

frequently control their perception e.g. with the use of a rein tension device.

7

971 26 R2 K2NARSQa fIFIdSNItAGe YR KdzYly Kl vy

riding styles and disciplines?

Rein symmetry is influenced Iseveral variables. At least two different levels of symmetry (i.e.

jdzt yGAGIFGABS yR GSYLERNIt ad8YYSiNBO SEA&GIEI 6KAC
patterns. Stability and temporal symmetry of rein tension are determined by the rider alone.
Quantitative asymmetry however, is related to different directions of laterality in haoider-
O2YoAYylLGAZ2Zyad C¢CKSNBF2NBSE K2NASQa I 0 SNRitleksii @ LINE
appeared to act more sensitively with their ndiominant handand use their dominant hand with

Y2NB F2NOS yR 384848 FtSEAOAfAGED CAINIKSNN2NBSZ N
agree with rein tension data for all assessed variabldwerefore, the stability andjuantitative
asymmetry of reincontdc Yl & RSt AGSNI Y2NB NBfAlFIo6fS NBadzZ Ga o
NEAY O2yidl OG 2N G4KS S@lfdzr dA2y 2F YSIYy NBAyYy UGSy,
gStté GSNBE |ayeRy YNRIRNSANR (22240 Sy G A | £ { des @itR giSrigdieR G K S A N
contact.As mentioned above, the use of a rein tension device to control perception of their own rein

tension might help riders to improve communication with their horse.

Stronger tensions on the inside rein might be more natural AidBoA y3 G2 GKS K2 NESQ:
patterns. Therefore, the demand to ride with stronger contact on the outside rein could also be a
O2YLISyali2NE YSOKIYyAAYDd |1 26SOSNE NARSNDa (GNBAY3

asymmetry and limit effective commnication.
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9.8 Which influence could the matching of horserider-laterality have on

communication, training, risk of injury and sport results?

Higher rein tension was related to ldfterality in horses and ridersRighthanded riders applied

lower mean ad peak tension tdorses with matchingright-) laterality. Righthanded riders depend

dzLJ2y GKSANI R2YAYlFYy(d KFYyR 6KAES GNBAY3I -hadledO2 YLISY
NARSNE NBI OGO {dominamt SideNaihdKagpbil ® Qldss lafetalzed Therefore,the
KFYRSRySaa 2F (GKS NARSNI YAIKG 6S Y2NB AYIhIE2NIF vy
theory, training of the nordominant hand might enable riders to react more independent from their

own hand preference FurthermoS FNBIljdzSy it & NARAY3I RAFFSNBY(I K

proprioception as well as the stability and symmetry of their rein tension patterns.

With one-handed rein handling using their natominant left hand, riders were able to react to their
K 2 NA S@dminahi2side without their own handedness interfering with rein tension. Therefore,
alternating between bimanual and odended rein handling, especially of the rdaminant hand

might improve proprioception and horsiéder communication.

Muscular balane seems to support a stability of rein tension and enhance hodsr
O2YYdzyAOF GA2y®d {GATS NARSNRA FaaSaayvySyid 2F GKSA
GKSANI K2NASQa YdzaOfS adl 4SS YA 3K-fider@a@nminicadod. NS & dzA ( |

Further research with larger samples of horses and riders with previous injuries is heeded to identify
influencing factors in horsader-communication affecting risk of musculoskeletal injury other than
rein tension. Additionally, since ridemhdedness seems to be the most important factor affecting
rein tension, training especially righanded riders to act more independently of their dominant
hand might be an effective measure to improve hergker communication and reduce injuries in
bothK2 NES& YR NARSNAR (G2 a2YS SEGSyidod wS3dA | NI &

N
I'day

or severe trigger point reactions might deliver further improvements.

9.9 Which other factors might influence rein tension, symmetry and performance?

Improving stength of the nondominant hand could have the potential to improve horsder
communication by reducing the influence of the dominant hakdpecially iders who are strong
with their dominant handr usually ride horses with mismatching directions oétatity might profit

from this training. However, additional sport activities should be chosen which enhance coordination
FYR AYLINROS G(GKS NARSNBQ &ALISOATAO ¢6SlilySaasSao

280



Even though the effect will most likely decrease during the process of familiarizadory different
(unfamiliar) horses on a regular basis might help riders to improve their perception of rein tension
symmetry. Considering that horses bred for flat gaits with little impulsion enabled the rider to
communicate with low and symmetrical reitension, warmblood associations might have to
deliberate their breeding aims as to whether expressive gaits with a lot of impulsion might at some

point counteract horseider communication and performance.

Rein tension values varied between different typddits and bridles. Even though a combination of

bits with bridles prohibiting jaw opening might mask difficulties in hetder communication, other
combinations of equipment might improve communication and enable a soft and steady contact.
Therefore,riders should be encouraged to try different combinations of tack in order to find the
optimal equipment for their specific horse. Furthermore, the use of different tack a&.fiash
noseband versus no cavesson might help riders to control and improve rifigi tension patterns

and communicationThere seems to be an advantage of the swminant hand with onéhanded

rein handling.Bridging the reins and holding the reins in one hand might have the potential to
AYLINREPS NARSNEQ LINE LiNkeepOSlight andl Wteadyyesntadiod@var yein i K S Y
handling should frequently be changed.
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10. Summary

The aim of the present study was to investigate whethegerality test results obtained on the

ground relate to laterality during ridindt intended to identify the most common direction of

laterality in warmbloods, ponies, Thoroughbreds and QeraHorses and its heritability. The present

study investigatel 1 KS Ay Tt dzSyO0S 2F KdzYty KFIyRSRySadaa | yR K
aimed toidentifyi KSANJ Ay Ff dzSyO0S 2y (GKS K2NARSQ& YdzaOdzf I NJ
incidence of injuries in horses and ridefBhepresent study contained an onlirsurvey with 686

riders and 1286 horses as well as the comparison of twelve differe SG K2 R4 (G2 Ay @Sada
laterality on the ground and during riding between five groups of horsasiple A67 warmbloods,

sample B: 4408 warmbloods and poniessample C:67 Thoroughbreds,sample D: 1950
Thoroughbreds ad sample E61 closely releed Thoroughbreds) and rein tension measurements

with a group of 88 warmbloods, Quarter Horses and mixed breeds (4 Xaighal, 35 leftlateral and

12 without reported laterality) with 65 riders (49 rightinded, 14 lefhanded and 2 ambidextrous)

in 110 rides (51n conventionaEuropean riding and 59 in Western riding). Rein tension was analysed

using Excel and linear mixed models in SPSS. The relation of different latestlityethods among

each other was investigated using crdabulations, chizests, LJKA 'y R / NI YSNDRa +3
Pearsonrcorrelations. Heritability was determined using uand bivariate linear animal models in

DMUG.

Laterality seems to be manifested in different ways, which are not related to each other nor
influence lateraliy during riding. Thereforeaterality test results obtained on the ground did not
FIANBS G6AGK f10SNIfAGE RdAdzZNAY3d NARAYyIP hyfte GKS N
fFrdSNIE RAALA I OSYSYy(d 27F (KS K2 NBESiQ dukng yidhg. dak NI S N&
most populations the majority of horses had their hindquarters displaced to the right. Based on the

NA RSNDa || & a Sdisa dde yréferehce forlidkeSsage dasks, no overall direction of laterality

could be documented iany populationHeritability of the lateral displacement of the hindquarters

was high in warmbloods (h2=0.58nd low to moderate level in Thoroughbreds (h2=0.18)
Thoroughbreds ambidextrous individuals could be identified with the investigationotf their

lateral displacement of their hindquarters and their preferred lead with regard to both racetrack
directions. Rightateral and ambidextrous horses were more successful ové&atietic correlations

between laterality and variables of success werighhin Thoroughbreds(wins: rg=0.820.19,

placings: rg=0.70£0.16). In dressage and show jumping there seems to be an advantage for-both left
lateral and ambidextrous riders as well as Jefteral horses Theyperformed more successfully and

reached higher riding levels. A direct relation of the lateral displacement of the hindquarters to

sensitive muscle trigger points could not be documentddwever, a relation of trigger points to
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one-sided tail carriage, stability of rein tension and injuries in hossssms to exist. In addition to

the stability of rein tension, two aspects of symmetry (quantitative symmetry between left and right
rein tension and temporal symmetry of left and right rein tension peaks) were identified that are
influenced mainly by hunmahandedness. Less rein tension was applied with a more stable and

symmetric contact in Westerriding compared to convention&uropean riding.

Il 2NBRSQa fFAOSNIfAGe YIAyte AyFtdzSyOSR GKS YI3IyAd
inside verss the outside reinRighthanded riders depended upon their dominant hand while trying

G2 02YLISyalidsS GKSANI K2NBSQa fFGSNI f Ad@&-latefdlR  LINE R«
horses. In contrast, lelK Y RS R NA RSNAE NX I Odosifant $ide, réigkrd@gsNdf the2 NB S Q 3
K2NASQa RANBOGAZ2Y 2F fIFGSNIfAGED® ! RRAGAZ2YIE AYyT
horse breeds and rein handling, the equipment used for communication, additional sports and the

familiarity with the hores.

The lateral displacement of the hindquarters allows the identificatiorambidextrous horses, if

assessed in both directions. Laterality might be a useful indicator for gepmgidisposition of

successful performance and should be regarded as abinait. Leftlaterality seems to be related

G2 alLBR2NI adz00Saa Ay K2NES&a |yR NARSNA® a®KS K2 N
K2NERSQa KSIFfGK FyR akK2dzZ R {KSNGERaBRdNSridedssSpp€agtg & A RS NJ
be less lateraied. Especially rightanded riders might benefit from strengthening their left hands

and improving their proprioception and coordination with frequently riding different horses and
changing between different techniques of rein handling. Riders shouldadheir rein tension on a

regular basis and verify their own assessments.
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11. Zusammenfassung

Das Ziel der vorliegenden Studie war es, die Ubereinstimmung der am Boden erfassten Lateralitat
von Pferdenmit ihrer Lateralitat wahrend des Reitens ziergleichen.Es sollten die haufigste
Lateralitatsrichtung in den Populationen der Warmbliter, Reitponies, Vollbliter und Quarter Horses
ermittelt und ihre Heritabilitdten festgestellt werdeer Einfluss der Handigkeit des Reiters und der
Lateralitat des Pferdes auf die Zugelspannumgrde untersuchtmit dem Zielmdgliche Einfliisse auf

den Muskelzustand, die Sportleistung und Verletzungshaufigkedentifizieren. Dazu dienten eine
OnlineUmfrage mit 686 Reitern und 1286 Pferden, der Vergleich vomei&hiedenen Methoden

zur Feststellung der Lateralitit am Boden und wahrend des Reitens an finf Pferdegruppen
(Stichprobe A:67 Warmbliter,Stichprobe B4408 Warmbliter und Reitponie§tichprobe C67
Vollbliter, Stichprobe D:1950 Vollbluter undStichpobe E:61 eng verwandte Vollblter) und die
Messung der Zigelspannung mit einer Gruppe von 88 Warmblitern, Quarter Horses und weiterer
Rassen (41 Rechtslaterale, 35 Linkslaterale und 12 ohne festzustellende Lateralitdt) mit 65 Reitern
(49 Rechtshénder, 14inkshander und 2 Beidhandige) in 110 Ritten (51 im konventionellen,
Europaischen Reitstil und 59 im Western Reitstil). Mit Excel, sowie SPSS wurden die Zlgelspannung
mittels gemischtem Modell und die Zusammenhédnge der einzelnen Methoden mit Kreuztabellen,
chi2¢ SAG a3 LKA dzy R / NIKd8latitngn ustérsucht2 ek HeritabilBateN Jugdgn

mit uni- und bivariatem, linearem Tiermodell mittels DMUG6 erstellt.

Die Lateralitat eines Indiviuums scheint auf verschiedene Arten manifestiert zu d&n,
untereinander nicht in Relation stehen und nicht zwangslaufig die Lateralitdt wéhrend des Reitens
beeinflussenDie Lateralitdtstests am Boden stimmtdahernicht mit der Lateralitdt wahrend des
Reitens Uberein. Einzig die Einschatzung des Reitenge stie natirliche Schiefe der Hinterhand
lieBen Rickschlusse zu. In den meisten Populationen war eine natirliche Schiefe der Hinterhand
nach rechts zu beobachterBezogen auf die Lateralitat wahrend des Reitens konnte keine
bevorzugte Seite deutlich haggr festgestellt werdenBei den Warmblitern war die Erblichkeit der
natirlichen Schiefe der Hinterhand hoch (h2=0,548i den Vollblitern jedoch niedrig bis moderat
(h2=0.19) In der Population der Vollbliter konnten mittels der natirlichen Schiefe ued d
bevorzugten Renngalopps beidseitig veranlagte Pferde identifiziert werden. Rechtslaterale und
beidseitig veranlagte Pferde waren insgesamt erfolgreicbir genetische Korrelation zwischen der
Lateralitat und den Rennerfolgen wdrei den Vollbliternhoch (Siege: rg=0.82+0.19, Platze:
rg=0.70+0.16). Im Dresswnd Springsport schien die Linksd Beidhandigkeit der Reiter, sowie die
Linkslateralitat der Pferde ein Vorteil fir Sporterfolge und das Erreichen hoherer Reitklassen zu sein.
Ein direkter Zusamenhang der natirlichen Schiefe mit Reaktionen der Muskeltriggerpunkte konnte

nicht festgestellt werden, dennoch scheint es einen Zusammenhang mit schief getragenen
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Schweifen, der Stabilitat der Zigelspannung, sowie Verletzungen der Pferde zu geben.ddeben
Stabilitat der Zigelspannung konnten zwei Aspekte der Symmetrie (die quantitative Differenz
zwischen rechtem und linkem Ziigel, sowie die zeitliche Ubereinstimmung der Spannungsspitzen)
identifiziert werden, die malgeblich durch die Handigkeit des eReibeeinflul3t wurden. Die
Zugelspannung im Westernreiten fiel deutlich geringer, symmetrischer und stabiler aus als im

konventionellen Européischen Reitstil.

Die Lateralitit des Pferdes beeinfluRte insbesondere die Starke der Ziugelspannung und die
Symmetie des auflleren und inneren Zugels. Rechtshander waren dabei deutlich von ihrer
dominanten rechten Hand abhandig und erreichten symmetrischere Spannungsmuster mit
rechtslateralen Pferde. Linksh&nder hingegen stellten sich in jede Richtung auf die jeweitige
dominante Seite des Pferdes ein, unabhéangig von dessen Lateralitdt. Neben dem Reitstil selbst,
konnten die Rasse der Pferde, die Art der Zlgelfiihrung sowie das verwendete Equipment, eine
zuséatzliche Sportaktivitat des Reiters, und die Vertrautheg Reiters mit dem Pferd (Fremdreiter)

als weitere Einflu3faktoren auf die Zigelspannung identifiziert werden.

Die natirliche Schiefe der Hinterhand ermdglicht die Identifizierung von beidseitig veranlagten
Pferden, sofern diese in der Bewegung in beidthfRngen erfasst wird. Die Lateralitat konnte als
Indikator fur die genetische Veranlagung erfolgreicher Sportleistungen dienen und sollte als binares
Merkmal erfasst werden. Linkslateralitdt scheint sportliche Erfolge sowohl bei Reitern als auch bei
Pfeden zu fordern. Der Muskelzustand des Pferdes beeinflusst die Zigelspannung und die
Gesunderhaltung des Pferdes und sollte zukiinftig vermehrt Beachtung finden. Die Handigkeit scheint
bei Linksh&ndern weniger stark ausgepragt zu sein. Insbesondere Redw®shédmnten von der
Starkung ihrer linken Hand, sowie der moglichen Verbesserung der Propriozeption und Koordination
durch das haufige Wechseln der Pferde und verschiedene Arten der Zugelfihrung profitieren. Reiter

sollten ihre Zigelspannung regelmaiig kolieren und ihre eigene Einschatzung tberprifen.
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13. Appendix

13.1 Questionnaire s
13.1.1Questionnaires of Online Survey (Chapter 4)

Teil A Die Lateralitat des Reiters

Bitte lesen Sie sich die folgenden Fragen aufmerksam durch und kreuzen Sie die zutreffende Antwort
an. Mit den Fragen-8 erfolgt die Berechnung des Handigkigitkex der Reiter. Sie erhalten Punkte

im Bereich von2 (immer links) bis +2 (immer rechts) fur jede Antwort. Alle weiteren Fragen dienen
dazu, weitere Faktoren fir die Interaktion der Handigkeit zu identifizieRitte antworten Sie
umfassend und ehrlich

1. Mit welcher Hand werfen Sie einen Ball?

~

immer links | meist links | beidel meist rechts | immer rechts

~

—(

2. Welche Hand benutzen Sie um mit einem Hammer einen Nagel in ein Brett zu schlagen?

~

immer links | meist links | beidel meist rechts | immer rechts

—

3. Mit welcher Hand benutzen Sie ein Messer UBnot zu schneiden?

~

immer links | meist links | beidel meist rechts

—_

immer rechts

—

4. Mit welcher Hand benutzen Sie einen Loffel?

~

immer links | meist links | beidel meist rechts

—_—

immer rechts

—(

5. In welcher Hand halten Sie beim Zéhne putzen die Zahnblirste?

~

immer links | meist links | beidel meist rechts

—_—

immer rechts

—

6. Mit welcher Hand benutzen Sie einen Kamm/eine Haarbirste?

~

immer links | meist links | beidel meist rechts

—_

immer rechts

—

7. Welche Hand benutzen Sie zum Schneiden mit einer Schere?

~

immer links | meist links | beidel meist rechts | immer rechts

~

—

8. Welche Hand benutzen Sie um einen Schraubverschluss zu 6ffnen?
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~ ~ ~

| immer links | meist links | beidel meist rechts | immer rechts

9. Welche Hand benutzen Sie um ein Streichholz anzuziinden?

~ ~ ~

| immer links | meist links | beidel meist rechts | immer rechts

~ ~

10. Geschlecht: | weiblich | mannlich

11. Bitte ordnen sie sich einer der folgenden Altersgruppen zu:

~ 4 ~ ~

10-14 | 1520 | 2130 | 3140 | 4150 | 5160 | 6165 | 6670 | >71

—

12. Wie viele Jahre Reiterfalung haben Sie?

13. Wie viele Stunden pro Woche reiten Sie?

14. Welche Disziplinen tben Sie aus?

—(

Dressuil Springer’l Vielseitigkeit| Distanz | Voltigieren | Rennreiten] Ausritt

—(

Western | Gangpferdereiten

15. Welche Disziplin bevorzugen Sie?

16. Auf welchem Niveau reiten Sie aktuéll

17. Reiten Sie hauptséachlich ein bestimmtes Pferd?
| Ja | Nein

18. Reiten Sie hauptséachlich Schulpferde bzw. haufig wechselnde Pferde?
| Ja | Nein
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19. Reiten Sie Uberwiegend junge Pferde oder bereits weit ausgebildete Pferde?

~

| Jungpferde I weit ausgebildet

20. Wie viele Pferde reiten Sie am Tag/in der Woche?

21. Nehmen Sie Reitunterricht? Wenn ja, in welchem Umfang?
NEY

| Nein

22. Nehmen Sie regelméafig an Turnieren teil? Wenn ja, auf welchem Niveau und in welcher
Diszipin?

| Ja,

~

| Nein

23. Uben Sie einen Biirojob aus oder eher einen handwerklichen Beruf? Wenn handwerklich,
welcher?

~ ~

| Tatigkeit im Blro | handwerklicher Beruf, namlich

24. Betreiben Sie sportliche oder handwerkliche Aktivitaten (au3er Reiten) in Ihrer Freizeit?
Wenn ja, welche und in welchem Umfang?

| Ja,

| Nein

25. Hatten Sie innerhalb der letzten 12 Monate Verletzungen oder Erkrankungen im
Schulter/Arm/Handbereich? Wenn ja, welche Seite war betroffen wie lange dauerten sie
an?

~

| Ja,

| Nein
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Teil B Die Lateralitat des Pferdes

Der Handigkeitsindex der Pferde wird durch die Fragerr 38 ermittelt. Es werden Punkte im
Bereich vonl (links) bis +1 (rechts) vergeben. Alle vorherigen Fragen dienen dazueneaidoren
fur die Interaktion der Handigkeit zu identifizieren. Bitte antworten Sie umfassend und ehrlich.

1. Wie viele Pferde besitzen/reiten Sie regelmanig?

2. Bitte geben Sie das Geschlecht des/der Pferde/s an:
Pferdl | stute | wallach | Hengst
Pferd2 | stute | wallach | Hengst
Pferd3 | stute | wallach | Hengst
Pferd4 | stute | wallach | Hengst

3. Alter des Pferdes:

Pferdl Pferd2 Pferd3 Pferd4
4. Wie lange ist das Pferd schon unter dem Sattel?

Pferdl Pferd2 Pferd3 Pferd4
5. Rasse/Zuctgebiet des Pferdes:

Pferdl Pferd2 Pferd3 Pferd4
6. Abstammung des Pferdes (Vater x Muttervater)

Pferdl Pferd2

Pferd3 Pferd4

7. In welcher Disziplin wird das Pferd eingesetzt?

Pferdl Pferd2

Pferd3 Pferd4

8. Welchen Ausbildungstand hat das Pferd derzeit?

Pferdl Pferd2
Pferd3 Pferd4
9. Wie oft und wie lange wird das Pferd pro Woche geritten?
Pferdl Pferd2
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Pferd3 Pferd4
10. Wie oft und wie lange wird das Pferd pro Woche longiert?
Pferdl Pferd2
Pferd3 Pferd4

11. Von wie vielen Reitern wird das Pferd regelmafiig geritten?

Pferdl Pferd2 Pferd3 Pferd4
12. Wird mit dem Pferd Reitunterricht genommen?
Pferdl Pferd2 Pferd3 Pferd4

13. Mit welchem Gebiss wird das Pferd regelmaflig geritten?
Pferd1 Pferd2

Pferd3 Pferd4

14. Wie oft erhalt das Pferd Weidegang und wie lange?
Pferdl Pferd2

Pferd3 Pferd4

15. War das Pferd innerhalb der letzten 12 Monate auf Turnieren siegreich? Wenn ja, wie oft
und in welcher Klasse?

Pferdl Pferd2
Pferd3 Pferd4
16. Ist das Pferd innerhalb der letzten 12 Monate auf Turnieren platziert worden? Wenn ja, wie

oft und in welcher Klasse?
Pferd1 Pferd2
Pferd3 Pferd4

17. Konnte das Pferd innerhalb der letzten 12 Monate verletzungshed langer als 3 Wochen
nicht trainiert werden? Wenn ja, wie oft und wie lange liegt der letzte Fall zuriick?

Pferdl Pferd2

Pferd3 Pferd4

18. Auf welcher Hand ist das Pferd durchlassiger?

Pferdl:T links T beideT rechts PferdZ:T links T beideT rechts
PferdB:T links T beideT rechts Pferd4:T links T beideT rechts
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19.  Aufwelcher Hand zeigt das Pferd einen besseren Raumgriff und Schwung?

~ ~ ~ ~ ~ ~

Pferd1: | links | beide | rechts Pferd2: | links | beide | rechts

~ ~ ~ ~ ~ ~

Pferd3: | links | beide | rechts Pferd4: | links | beide | rechts

20. Auf welcher Hand galoppiert das Pferd bevorzugt?

~ ~ ~ ~ ~ ~

Pferd1: | links | beide | rechts Pferd2: | links | beide | rechts

~ ~ ~ ~ ~ ~

Pferd3: | links | beide | rechts Pferd4: | links | beide | rechts

21. Auf welcher Hand gelingen Dressurlektionen (z.B. Seitengange, Tempowechsel) leichter?

~ ~ ~ ~ ~

Pferd1: | links | beide | rechts Pferd2: | links | beide | rechts

~ ~ ~ ~

Pferd3: | links | beide | rechts Pferd4: | links | beide | rechts

22.  Auf welcher Hand springt das Pferd bevorzugt?

~ ~ ~ ~

—_—
—_—

Pferd1: | links | beide | rechts Pferd2: | links beide | rechts
Pferd3:T links T beideT rechts Pferd4:T links T beideT rechts
23. In welche Richtung gelingen Wendungen leichter?

Pferdl:T links T beideT rechts PferdZ:T links T beideT rechts
Pferd3:T links T beideT rechts Pferd4:T links T beideT rechts
24, In welcher Richtung zeigt das Pferd die Tendenz den Zirkel zu vergolern?
Pferdl: | links | beide | rechts Pferd2: | links | beide | rechts
Pferd3: | links | beide | rechts Pferd4: | links | beide | rechts
25. In welcher Richtung zeigt das Pferd die Tendenz den Zirkel zu verkleinern?
Pferdl:T links T beidei rechts PferdZ:T links T beideT rechts
Pferd3:T links T beideT rechts Pferd4:T links T beideT rechts
26.  Auf welcher Seite nimmt das Pferd Schenkelhilfen besser an?

Pferdl:T links T beideT rechts PferdZ:T links T beideT rechts
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~ ~ ~ ~ ~ ~

Pferd3: | links | beide | rechts Pferd4: | links | beide | rechts

27. Auf welcher Seite hédltdas Pferd den Ziigelkontakt gleichmaRiger?

~ ~ ~ ~ ~ ~

Pferd1: | links | beide | rechts Pferd2: | links | beide | rechts

~ ~ ~ ~ ~ ~

Pferd3: | links | beide | rechts Pferd4: | links | beide | rechts

28. Entlastet das Pferd ein Hinterbein haufigeienn ja, welches?

~ ~ ~ ~ ~

Pferd1: | links | beide | rechts Pferd2: | links | beide | rechts

~ ~ ~ ~ ~ ~

Pferd3: | links | beide | rechts Pferd4: | links | beide | rechts

29. Walzt sich das Pferd bevorzugt auf einer Seite? Wenn ja, welche?

~ ~ ~ ~ ~ ~

Pfadl: | links | beide | rechts Pferd2: | links | beide | rechts

~ ~ ~ ~ ~ ~

Pferd3: | links | beide | rechts Pferd4: | links | beide | rechts

30. Liegt das Pferd bevorzugt auf einer Seite? Wenn ja, welche?

~ ~ ~ ~ ~ ~

Pferd1: | links | beide | rechts Pferd2: | links | beide | rechts

~ ~ ~ ~ ~ ~

Pferd3: | links | beide | rechts Pferd4: | links | beide | rechts

Die Umfrage erfolgt anonym. In einem weiteren Abschnitt der Studie wird die Ziigelspannung bei
ausgewadhlten ReitePferdPaaren im Schritt, Trab und Galopp gemessen. Vorab wird ein kurzer

Héandigkeitstest (bevorzugtes Standbein beim Fressen) mit dem Pferd durchgefihrt und die
Symmetrie der Muskulatur dokumentiert. Die Messungen finden am Standort des jeweiligen Pferdes
statt. Wenn Sie bereit sind, auch an diesem Abschnitt der Studie teilzunehmen, geben Sie bitte Ihre

Kontaktdaten, sowie die Anzahl und den Standort des/der Pferde/s an.

Vielen Dank fur Ihre Teilnahme!
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13.1.2Questionnaires for horses and riders (Chapter 7)

Name:
Geschlecht: weiblich / ménnlich Alter:
Reiterfahrung:................... Jahre Ausbildungsstand:
Reitstunden pro Woche: Disziplin:
Handigkeit: Rechtshénder / Linksh&nder / Beidhandig
Turnierreiter: ja / nein
Anzahl Siege/Platzierungen und Niveau
Verletzungen im Arm/Schulterbereich: ja / nein
Wenn ja, welche Seite und wie lange liegt die Verletzung zurlck:
Ausgleichssport: ja / nein
Wenn ja, was und in welchem Umfang/Woche
Ermittlung des Handigkeitsindex:

1. Mit welcher Hand werfen Sie einen Ball?
immer inks meist links beide meist rechts immer rechts

2. Welche Hand benutzen Sie um mit einem Hammer einen Nagel in ein Brett zu
schlagen?

immer links meist links beide meist rechts immer rechts

3. Mit welcher Hand benutzen Sie ein Messer um Brot zu schneiden?
immer links meist links beide meist rechts immer rechts

4. Mit welcher Hand benutzen Sie einen Loffel?
immer links meist links beide meist rechts immer rechts

5. In welcher Hand halten Sie beim Zahne putzen die Zahnblirste?
immer links meist links beide meistchts immer rechts

6. Mit welcher Hand benutzen Sie einen Kamm/eine Haarburste?

immer links meist links beide meist rechts immer rechts
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7. Welche Hand benutzen Sie zum Schneiden mit einer Schere?

immer links meist links beide meist rechts immer rechts

8. Welche Hand benutzen Sie um ein Streichholz anzuziinden?
immer links meist links beide meist rechts immer rechts

9. Mit welcher Hand drehen Sie einen Schraubverschluss auf?
immer links meist links beide meist rechts immer rechts

10.Welche Hand benutzen Sie zum 8shen?
immer links meist links beide meist rechts immer rechts

Handigkeitsindex:

Pferd: Alter:

Geschlecht: Rasse:

Disziplin: Ausbildungsstand:

Reitstunden pro Woche: Anzahl Reiter:

Gebiss:

Turnierpferd: ja / nein

Anzahl Siege/Platzierungen und Niveau

Verletzungen: ja / nein

Wenn ja, welche Seite und wie lange liegt die Verletzung zurtick:

In Dressurlektionen lauft das Pferd: links besser / rechts besser / auf beiden Seiten gleich gut

Bitte beschreiben Sie den TestrittWar der Ritt harmonisch? Wanauf welcher Seite
traten Probleme auf? Wie empfanden Sie den Zlgelkontakt wahrend des Ritts?
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13.1.3 Overview of the muscle trigger points tested in the sample

1. M. rectus capitis lateralis

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

M.

M.

M.

M.

brachiocephalicus

multifidus cervicis

. trapezius & M. momboideus (front part of the withers)

. trapezius & M. rhomboideus (middle part of the withers)
. trapezius & M. rhomboideus (hind part of the withers)

. supraspinatus

. infraspinatus

. serratur ventralis thoracis
. triceps brachii (upper part)
. triceps brachii (lower part)

. pectoralis ascendens

longissimus dorsi

longissimus costarum

Junction of M. longissimus and Mm. glutei

M.

M.

M

biceps femoris

biceps femoris (area of subdivision)

. gastrocnemius

. semitendinosus

. semimembranosus
. tensor fasciae latae
. iliacus

. gluteus medius andccessories
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24. M. obliquus externus abdominis (origin)
25. M. obliquus externus abdominis (attachment site)

K1 M. masseter
K2 M. masseter

K3 M. masseter
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13.4 List of abbreviations

e.g. forexample
i.e. thatis

SD standard deviation
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