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Impacto potencial desta pesquisa

A plataforma vibratoria (PV) pode ser um método alternativo e coadjuvante para
treinamento neuromuscular. O principal atrativo da vibragdo de corpo inteiro
(VCI) consiste na sua capacidade de ser aplicada gerando baixo impacto. Em
equinos, as informacdes na literatura sao relativamente limitadas. O presente
estudo demonstra inovacdo para a saude animal ao avaliar as reagodes
comportamentais de expressdes faciais, linguagem corporal e escala de
estresse bem como a modulagao cardiaca por meio da analise da variabilidade
da frequéncia cardiaca (VFC) em cavalos durante a fase de recuperacéo

utilizando plataforma vibratéria apds realizagao de exercicio intenso.

Potencial impacto of this researh

The vibrating platform (VP) may serve as an alternative and adjunct method for
neuromuscular training. The primary appeal of whole-body vibration (WBYV) lies
in its ability to be applied while generating low mechanical impact. In equines, the
available literature remains relatively limited. The present study demonstrates an
innovative contribution to animal health by evaluating behavioral responses
including facial expressions, body language, and stress scale, as well as cardiac
modulation through heart rate variability (HRV) analysis in horses during the

recovery phase following intense exercise using vibrating platform.
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DESCRIGAO DO COMPORTAMENTO E VARIABILIDADE DA FREQUENCIA
CARDIACA DE EQUINOS SUBMETIDOS A SESSAO DE PLATAFORMA
VIBRATORIA

RESUMO - A plataforma vibratoria (PV), descrita na literatura internacional como
whole-body vibration (WBV), pode ser um método alternativo e coadjuvante para
treinamento neuromuscular. O principal atrativo da vibragdo de corpo inteiro (VCI)
consiste na sua capacidade de ser aplicada gerando baixo impacto. Em equinos, as
informagdes na literatura séo relativamente limitadas. O presente estudo teve como
objetivo avaliar as reagbes comportamentais de expressodes faciais, comportamento
corporal e escala de estresse e a modulacdo cardiaca por meio da analise da
variabilidade da frequéncia cardiaca (VFC) em cavalos durante a fase de recuperacgéao
utilizando VCI apds realizagdo de exercicio intenso. Foram utilizados oito cavalos,
sendo sete fémeas e um macho castrado, com idade entre sete e 19 anos e massa
corporea de 406 + 33 kg. A prescri¢cao de carga externa da sesséo de exercicio intenso
(SEIl) foi feita com base na velocidade correspondente ao limiar de lactato (VLL)
determinada em teste de esforgo incremental (TEI) realizado por todos os animais na
fase inicial do presente estudo. Posteriormente os cavalos foram divididos em trés
grupos seguindo delineamento crossover e todos os grupos foram submetidos a SEI
que consistiu em 5 min de aquecimento, sem inclinagao, 2 min a 110% da VLL e 3
min a 130% da VLL com inclinagao de 5%. O grupo esteira (GE) realizou recuperagao
ao passo na esteira. O grupo controle negativo (PVN) permaneceu sob a plataforma
desligada. E o grupo plataforma vibratéria (PV) realizou recuperacgao utilizando VCI
sendo que o protocolo consistiu em cinco fases de 2 min em cada frequéncia: 76, 66,
55, 46 e 32 Hz. Todos os métodos de recuperacgao tiveram duragao de 10 minutos. As
gravagdes para estudo das reagdes comportamentais e a frequéncia cardiaca (FC)
foram realizadas antes da SEl e durante todo o periodo de recuperacédo. Foi
estabelecido etograma no qual os comportamentos foram divididos em ‘estado’ ou
‘evento’ e classificados conforme tensao ou relaxamento com relacdo a linguagem
corporal. As expressoes faciais foram distribuidas de acordo com as unidades de agao
facial, na literatura conhecidas como (facial action units — FAUs). E ainda foi
estabelecida uma escala de estresse que levou em conta comportamentos gerais,
como por exemplo, atitude, presenca de estereotipias, postura, posicionamento de
cabeca entre outros. Os dados utilizados de FC foram processados para calculos dos
indices de variabilidade da frequéncia cardiaca no dominio do tempo (RR médio,
intervalo inter batimentos; SDNN, desvio padrao de todos os intervalos RR normais;
RMSSD, raiz quadrada da média dos quadrados das diferencas entre intervalos RR
normais adjacentes; pNN50, porcentagem de pares de intervalos RR adjacentes cuja
diferengca € maior que 50 ms em toda a gravagao; e no dominio da frequéncia (LF,
baixa frequéncia; HF, alta frequéncia; e LF/HF, razdo entre baixa e alta frequéncias),
bem como a FC média. Os dados de pNN50 e LF/HF foram submetidos a
transformacao logaritimica por serem heterocedasticos. Foi realizado teste nao
parameétrico para comparagao das variaveis comportamentais e analise de variancia
de duas vias para medidas repetidas e teste T pareado com correcdo de Bonferroni
para VFC e (P < 0,05). Segundo o etograma de expressodes faciais, a VCI pode causar



leve relaxamento na area acima dos olhos (supraorbital) (P = 0,039) e uma tendéncia
ao relaxamento, segundo a escala de estresse, no grupo PV (P = 0,063). A FC foi
maior no grupo GE e intervalo RR médio foram menores no mesmo grupo (P < 0,001
para ambos) durante o periodo de recuperacdo. Para as demais variaveis nao houve
influencia dos métodos de recuperacgao. Conclui-se que o protoloco de VCI utilizado
no presente estudo ndo melhorou a modulagdo autonémica cardiaca e pode estar
relacionada a um leve relaxamento em regido supraorbitaria de cavalos submetidos a
exercicio agudo intenso. No contexto da fisiologia do exercicio levando em conta
variaveis fisiolégicas e comportamentais avaliadas no presente trabalho, ndo se
justifica o uso de tal equipamento como método de recuperagéo apds exercicio, uma
vez que nao houve beneficio expressivo que justifique o investimento.

Palavras-chave: comportamento, variabilidade da frequéncia cardiaca,

plataforma vibratdria, relaxamento, sistema nervoso autbnomo
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DESCRIPTION OF THE BEHAVIOR AND HEART RATE VARIABILITY OF
HORSES SUBJECTED TO A VIBRATING PLATFORM SESSION

ABSTRACT - Vibration platforms (VP), described in international literature as whole-
body vibration (WBV), can be an alternative and adjunctive method for neuromuscular
training. The main attraction of WBYV lies in its ability to be applied with low impact. In
horses, information in the literature is relatively limited. The present study aimed to
evaluate behavioral reactions of facial expressions, body behavior, and stress scale
and cardiac modulation through the analysis of heart rate variability (HRV) in horses
during the recovery phase using WBV after intense exercise. Eight horses were used,
seven females and one castrated male, aged between seven and 19 years and with a
body mass of 406 + 33 kg. The external load prescription for the acute intense exercise
bout (AIEB) was based on the velocity corresponding to the lactate thresholds (LTV)
determined in a standardized exercise test (SET) performed by all animals in the initial
phase of this study. Subsequently, the horses were divided into three groups following
a crossover design, and all groups underwent AIEB, which consisted of 5 minutes of
warm-up without inclination, 2 minutes at 110% of VLL, and 3 minutes at 130% of VLL
with slope of 5%. The treadmill group (TG) recovered at a walk on the treadmill. The
sham group (SG) remained on the platform with the device turned off. The vibration
platform group (WBVG) recovered using WBV, with the protocol consisting of five 2-
minute phases at each frequency: 76, 66, 55, 46, and 32 Hz. All recovery methods
lasted 10 minutes. Behavioral reactions recordings and heart rate (HR) were
performed before AIEB and throughout the recovery period. An ethogram was
established in which behaviors were categorized as either ‘state’ or ‘event’ and further
classified according to body-related tension or relaxation. Facial expressions were
categorized based on facial action units (FAUs), as described in the literature.
Additionally, a stress scale was developed, considering general behavioral parameters
such as overall demeanor, the presence of stereotypies, posture, head position,
among others. The heart rate (HR) data used were processed to calculate heart rate
variability indices in the time domain (mean RR, mean of interbeat interval; SDNN,
standard deviation of all normal RR intervals; RMSSD, root square of the mean of the
squared differences between adjacent normal RR intervals; pNN50, percentage of
adjacent RR pairs different by more than 50 ms in the entire recording); and frequency
domain (LF, low frequency; HF, high frequency; and LF/HF, ratio of low and high
frequencies) as well as mean HR. Both index pNN50 and LF/HF data underwent a
logarithmic transformation due to their heteroscedastic nature. A non-parametric test
was used to compare behavioral variables and a two-way ANOVA for repeated
measures and a paired t-test with Bonferroni correction were performed for HRV (P <
0.05). HR was higher in the TG, and the mean RR interval was lower in the same group
(P < 0.001 for both) during the recovery period. The recovery strategies did not
influence the other variables. According to the facial expression ethogram, the WBV
can cause slight relaxation in the area above the eyes (P = 0.039) and a tendency of
relaxation according to stress scale (P = 0.63, the trend was considered significant at
0.05 < P < 0.10). It is concluded that the WBV protocol used in this study did not
improve cardiac autonomic modulation and may be related to a slight relaxation in
supraorbital region of horses subjected to intense acute exercise. In the context of
exercise physiology, considering the physiological and behavioral variables assessed
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in the present study, the use of such equipment as an evaluation method is not justified,
as there was no significant benefit to warranting the investment.

Keywords: behavior, heart rate variability, vibration platform, relaxation, autonomic
nervous system
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CHAPTER 1 General Considerations

1. INTRODUCTION

The global equine herd totals approximately 61 million subjects (FAO, 2019). Of
this total, Brazil has 5 million horses, with approximately 1,100,000 participating in
sports and leisure activities (MAPA, 2015). The different modalities of equestrian
sports are expanding and require greater financial investments, as well as research
and commitment to evaluate and improve animal welfare within the numerous
segments of the Horse Agribusiness Complex.

Physiological and cognitive adjustments that equine athletes make to face the
challenges of adapting to their environment can be measured and used as tools for
evaluating certain behavioral changes (Molento, 2005). From this perspective, some
equine behavioral expressions can provide parameters through their body language,
along with physiological variables indicative of physical exertion. To this end, it is
necessary to understand the animals' behavioral expressions and differentiate their
perception of effort or even nociception, which, under certain conditions, may be
inherent to the practice of physical exercise.

In this way, new products and services can be conceived, which can be the
subject of scientific research (Lima; Cintra, 2016; Forbes, 2018). The area of exercise
physiology can be an area of interaction between sports science and equine science.
In this sense, assessments of physical fithess and the prescription of new forms of
training can improve performance, with a reduction in the incidence of injuries (Soares
et al., 2014). The knowledge acquired in this area is relatively recent, established in
the last 40 years (Marlin, 2015; Allen et al., 2016).

In this scenario, the use of whole-body vibration, through a vibration platform
(VP), a non-invasive and non-pharmacological technique that has been used and
studied in humans (Coza et al., 2011; Elmantaser et al., 2012; Kale et al., 2024),
rodents (Huang et al., 2014; Chen et al., 2018) and horses (Buchner et al., 2017) as a
training device is a method to be considered. Basically, the whole-body vibration
methodology aims to improve biomechanics, physiology, and other performance

indices (Luo et al., 2016), and can also be used as a method to increase bone density



(Maher, 2016).

Currently, some equine owners, trainers, and veterinary physiotherapists
assume that VP improves athletic performance. However, there is still controversy
regarding its effects on optimizing the performance of equine athletes. There are
studies with positive reports in humans regarding flexibility, pain reduction, and
improved movement. However, the results on athletic performance are still
questionable (Cochrane, 2013).

Within the framework of exercise physiology, the assessment of facial
expressions and other behavioral indicators in horses may provide relevant information
regarding their physical and psychological states following exercise. Trindade et al.
(2020) reported that, after a working day, horses exhibited an increased frequency and
duration of behaviors indicative of rest. Additionally, a reduction was observed in
behaviors associated with attentional states and in fly-avoidance movements.

During intense exercise, such as in an interval training session or sprint, the
horse undergoes acute adjustments, including physiological, metabolic,
cardiovascular, endocrine, and psychological changes (Ferraz, 2006; Nyerges-Bohak
et al. 2021). One of these studies evaluated heart rate variability (HRV), observing that
this variable can be a good indicator for assessing and individualizing training. It was
also possible to conclude that there was an improvement in the state of the cardiac
autonomic nervous system after the training period (Nyerges-Bohak et al. 2021). HRV
has gained prominence in recent years, both in human and veterinary medicine, for
evaluating these adjustments caused by acute and chronic exercise. This measure is
determined from the fluctuation of time intervals between adjacent heartbeats and is
considered a clinical variable for evaluating the autonomic nervous system (ANS) in
humans and animals (Rasmussen et al., 2011; Shaffer; Ginsberg, 2017; Restan et al.,
2020; Nyerges-Bohak et al., 2021).

Heart rate variability (HRV), obtained over short or ultrashort periods (minutes
or seconds), can yield distinct physiological results when compared to methodologies
using 24-hour Holter monitoring (Shaffer; Ginsberg, 2017). For this reason, 24-hour
HRYV recordings can be considered the "gold standard" for clinical HRV assessment in
veterinary and human medicine (Rasmussen et al., 2011; Shaffer; Ginsberg, 2017).

However, a study validated HRV assessment with short-duration measurements
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during high-intensity exercise (Ter Woort et al., 2020). In amateur show jumping
horses, it was found that HRV-related variables were affected according to the level of
competition. Therefore, this measure proves to be effective and sensitive for use as a
load analysis method for show jumping horses (Szabo & Vizesi & Vincze, 2021).
Cortisol levels are useful indicators of stress in exercising horses (Hyyppa,
2005). With respect to the VP, two studies have reported reductions in cortisol levels,
which may indicate decreased stress in horses (Carstanjen et al., 2013; Sugg, 2018).
Considering these findings, there is a clear need for studies investigating the
relationship between the use of VP, performance and welfare in horses, with the aim
of improving the understanding of the physiological and behavioral responses elicited
during and after its application. Moreover, the existing literature on equine exercise
physiology and ethology remains limited, particularly with respect to studies examining
the interaction between exercise or training protocols and VP.
Within this context, the objectives were:
- To validate the use of body behaviors to assess the well-being of horses subjected
to the use of a vibration platform as an adjunct in training.
- To validate the use of facial expressions to assess the well-being of horses subjected
to the use of a vibration platform as an adjunct in training.
- To evaluate the heart rate variability of horses subjected to the use of a vibration
platform as an adjunct in training.
- To evaluate the cortisol concentration of horses subjected to the use of a vibration

platform as an adjunct in training.
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5. Conclusions

Our findings allow us to conclude that the WBV protocol used did not promote
improvement in the recovery post-exercise, although it was observed relaxation
according to the FAU called tension above the eye area (supraorbital region).
Therefore, new studies involving a broader sample size and another protocol are
necessary to fully understand the possible effect of this treatment in the recovery post-

exercise.
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