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RESUMO

Tese de Doutorado
Programa de P6s-Graduacdo em Medicina Veterinaria
Universidade Federal de Santa Maria

EFEITO DA SEDACAO OU DO PISO NA AVALIACAO OBJETIVA DE
CLAUDICACAO EM EQUINOS COM UM SISTEMA DE SENSORES
INERCIAIS SEM FIO
AUTOR: MARCOS DA SILVA AZEVEDO
ORIENTADOR: FLAVIO DESESSARDS DE LA CORTE
Data e Local da Defesa: Santa Maria, 02 de marco de 2015.

O exame em movimento é uma etapa fundamental e complexa do exame clinico em equinos.
Alguns fatores como temperamento do animal e o piso onde esse animal é examinado podem
ter influéncia sobre os achados do exame. No primeiro trabalho nosso objetivo foi investigar,
através de um sistema objetivo de avaliacdo da claudicacdo, a influéncia da utilizacdo da
acepromazina ou xilazina sobre a marcha de cavalos com diferentes comportamentos. Os
resultados demonstraram que o nimero de cavalos saudaveis e com claudicacdo nos membros
torécicos, antes e apds 0 uso da acepromazina permaneceu 0 mesmo (sete saudaveis e nove
mancos). Nos membros pélvicos, cinco cavalos foram considerados saudaveis e 11 rengos
antes do tratamento e, oito saudaveis e oito rengos ap6s o tratamento. Nos cavalos tratados
com Xxilazina oito cavalos foram considerados saudaveis e oito mancos antes do tratamento e
nove sadios e sete mancos, apds o tratamento. Quatro cavalos foram considerados saudaveis e
12 claudicavam dos membros pélvicos antes do tratamento com Xxilazina e apds o tratamento
sete foram considerados sadios e nove permaneceram rengos. N&o existiu diferenca na altura
méaxima e minima da cabeca e da pélvis, tanto nos membros toracicos quanto pélvicos. No
segundo estudo, investigamos a influéncia que o tipo de piso sobre o qual o animal é
examinado apresenta sobre os dados obtidos na avaliacdo objetiva com sensores inerciais. O
resultado deste trabalho demonstrou ndo existir diferenca nas variaveis de altura maxima e
minima da cabeca e da pélvis e da soma vetorial em cavalos examinados sobre trés pisos
diferentes (concreto, areia e grama). Houve diferenga no nimero de passos coletados na areia
em comparacao aos demais pisos (p< 0,0001) nos membros torécicos e pélvicos. Claudicagdo
de impacto nos membros toracicos foi apresentada por um ndmero maior de animais no piso
de concreto j& a claudicacdo de elevagdo foi mais presente no piso de grama. Nos membros
pélvicos a claudicacdo de impacto foi mais presente no piso de grama, enquanto a claudicacao
de elevacdo foi identificada em um nimero maior de animais no piso de concreto. Podemos
concluir a partir dos dois trabalhos realizados que o uso da acepramazina ou xilazina nédo
interferiu com a intensidade da claudicacgéo, avaliada por sensores inerciais, em cavalos com
diferentes comportamentos. Da mesma forma, o exame em movimento pode ser realizado em
qualquer dos pisos utilizados sem necessidade de seguir uma sequéncia pré-determinada, visto
que ndo existiu diferenca nas variaveis da avaliacdo objetiva por sensores inerciais sem fio.

Palavras-chave: Lameness Locator. Avaliacdo objetiva. Comportamento. Superficie.
Claudicacéo de impacto. Claudicacédo de elevacao.
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Examination during movement is a fundamental and complex stage of the clinical exam of
horses. The physical exam can be influenced by some factors such as the horses’ temperament
and ground surface on which the horse is examined. In the first study, we investigated the
potential influence of using acepromazine or xylazine over the movement of horses with
different temperaments using a system of objective assessment of lameness. In the second
study, using the same objective methods of evaluation, we investigated the possible influence
of the surface on which the horses were trotted. The results of the first study showed that the
number of healthy and lame horses on the forelimbs, before and after use of acepromazine
remained the same (seven healthy and nine lame); on the hindlimbs before treatment, five
were healthy and eleven lame, after treatment eight were healthy and eight remained lame.
The number of healthy and lame horses on the forelimbs before treatment with xylazine had
eight horses of each condition; seven were lame after treatment and nine were healthy. Four
horses were healthy and twelve limping of hindlimbs before treatment with xylazine; after
treatment, nine were lame and seven remained healthy. There was no difference in maximum
and minimum height of the head and pelvis, both on forelimbs or hindlimbs. In the second
study, we investigated the influence of the type of surface where the animal is examined on
the results obtained on the objective evaluation with wireless inertial sensors. The result of
this study showed no difference in maximum or minimum height of the head, pelvis and
vector sum in horses examined on concrete, sand or grass. Difference was observed on the
number of strides made on sand compared to grass and concrete (p <0.0001) on fore and
hindlimbs. Impact lameness on forelimbs was presented on a larger number of animals on the
concrete surface, whereas elevation lameness was more prevalent on the grass surface. On the
hin limbs more impact lameness was present on the grass surface, while the elevation
lameness was observed in a greater number of animals on the concrete surface. In the first
study the use of acepromazine or xylazine did not interfere with the lameness intensity
measured by wireless inertial sensors in horses with different temperaments. The results of the
second study demonstrated that the examination in motion can be performed on any of the
tested surfaces without having to stick to a predetermined sequence, as there was no
difference on the variables at the objective evaluation by wireless inertial sensors.

Keywords: Lameness locator. Objective evaluation. Behavior. Surface. Impact lameness.
Elevation lameness.
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1. INTRODUCAO

Os equinos estdo sujeitos a uma série de patologias do aparelho locomotor que se
manifestam clinicamente pela claudicacdo. O exame de claudicacdo em equinos é dividido em
varias etapas, sendo 0 exame em movimento uma das mais importantes, visto que é através
dele que identificamos e graduamos o membro claudicante. Durante a realizagdo do exame
em movimento alguns fatores tém influéncia direta sobre a avaliacdo da claudicacdo. Exemplo
disso sdo animais de temperamento sanguineo, onde a perfeita avaliacdo e identificacdo da
claudicacdo fica comprometida pelos movimentos erraticos (movimentos exagerados,
empinar, trote irregular, etc.) de cabeca e/ou membros pélvicos que 0s animais apresentam
guando trotados. Outro fator importante a ser considerado no exame em movimento € o local
(superficie) onde o animal seré trotado, visto que existe uma relacdo entre o tipo de superficie,
piso duro ou piso macio, e o tipo de claudicacdo, de impacto ou elevacéo.

A elevada incidéncia de patologias do sistema locomotor dos equinos torna importante
a busca por ferramentas que possibilitem um diagnéstico precoce da claudicacdo, de modo a
se determinar com rapidez e precisdo a localizacdo da lesdo. A deteccdo precoce possibilita
intervir de forma adequada e rapida impedindo a progressdo da patologia. Comumente a
avaliacdo dos animais é feita de forma subjetiva através da avalia¢do visual do animal em
estacdo e movimento o que pode gerar alguns equivocos que estdo relacionados
principalmente a experiéncia do avaliador, temperamento do animal, local do exame, etc.

Atualmente existe no mercado um sistema para avaliacdo objetiva da claudicagéo,
chamado de Lameness Locator ™, que consiste de sensores inerciais sem fio, desenvolvido
especificamente como ferramenta para os veterinarios de equinos na deteccdo e avaliacdo de
claudicac0es sutis, aquelas de dificil visualizagdo. A utilizacdo desta ferramenta na avaliacdo
da claudicacéo de equinos tem ganho espaco principalmente nas areas de pesquisa em que um
dado objetivo oferece maior confiabilidade aos resultados encontrados. O uso do Lameness
Locator™ como forma objetiva de avaliagdo possibilita também o esclarecimento de algumas
duvidas geradas durante a avaliacdo subjetiva, principalmente, quanto a influéncia que fatores
como temperamento do animal, medicacfes e local do exame podem ter sobre o resultado
final do exame de claudicacdo. Nesse sentido, se buscou estabelecer através da utilizagcdo dos
sensores inerciais sem fio, a possivel influéncia que farmacos utilizados para sedar e/ou
tranquilizar os animais, assim como a superficie na qual o animal é examinado tem sobre a

avaliacdo em movimento da claudicacéo.



2. REVISAO BIBLIOGRAFICA

2.1. Claudicacéo

Todo tipo de esforco fisico intenso € considerado um desafio ao sistema
musculoesquelético dos cavalos, podendo acarretar lesdes musculares, tendineas ou
osteoarticulares (ROSSDALE et al., 1985; PERKINS et al., 2005). Estas lesbes tém sido
consideradas causa de grandes prejuizos a industria do cavalo. Estudos epidemioldgicos
revelam que mais de 50% dos cavalos de corrida apresentaram, pelo menos, um periodo de
claudicacdo em suas carreiras esportivas e em 20% dos casos a claudicagéo foi suficiente para
impedir os individuos de correrem ap06s a lesdo. Acredita-se também que trés quartos dos
cavalos com mau desempenho tenham lesbes subclinicas do sistema locomotor (JEFFCOTT
etal., 1982; MORRIS; SEEHERMAN, 1991).

Alguns fatores tém sido considerados no surgimento das lesdes e na capacidade destas
afetarem a carreira atlética dos animais, tais como: idade, conformacdo, métodos de
treinamento, intervalo de tempo entre os treinamentos, desempenho, tipo de superficie sobre a
qual o animal trabalha, qualidade de ferrageamento e até o ajuste da sela (GAUGHAN, 1996).
Por isso a prevencdo e identificacdo precoce das claudicacOes tém grande prioridade na
medicina esportiva equina e bem-estar animal (WEISHAUPT, 2008).

A claudicacdo é a manifestacdo clinica de inflamacéo, dor ou alteracdo mecanica, que
resulta em uma modificacdo da marcha. A definicdo € simples, mas sua localizacéo,
reconhecimento, caracterizagédo e tratamento sdo complexos (ROSS, 2011a).

A manifestacédo da claudicacao pode ser classificada de diferentes formas, sendo que o
conhecimento de cada uma dessas formas € muito Util no estabelecimento do diagnostico.
Segundo BAXTER e STASHAK (2011) as claudica¢Ges podem ser:

- De suporte ou impacto: A claudicacdo se manifesta quando o cavalo toca o casco
no solo até o momento em que o membro esta totalmente em contato com o solo, suportando
0 peso do cavalo. Normalmente as estruturas envolvidas sdo ossos, articulacGes e tecidos
moles de sustentacdo, como ligamentos e tenddes flexores. E, sem duvida, o tipo mais comum
de claudicacédo encontrada no cavalo.

- De elevacao: Neste tipo de claudicacdo a manifestacdo ocorre quando o membro esta

em movimento ou suspensdo. Vérias alteracfes patoldgicas podem ser a causa, mas as
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alteracdes proximais e de esqueleto axial parecem ter um papel importante nesta forma de
claudicacéo.

- Mistas: A claudicacao ocorre tanto quando o membro estd na fase de apoio, quanto
na fase de elevacgdo (suspensdo). Uma combinacgdo de estruturas afetadas pode estar envolvida
como causa da alterag&o.

- Primérias: Corresponde a claudicagéo identificada durante o exame em movimento,
antes da realizacdo dos testes de manipulacdo. Nos casos em que existe mais de um membro
claudicante, normalmente a claudicacdo primaria corresponde a0 membro que apresenta o
maior grau de claudicagéo.

- Secundéarias: Normalmente é uma claudicacdo de intensidade menor que a
claudicacdo primaria e se manifesta a medida que a claudicacdo primaria é abolida.
Geralmente ocorre no membro contralateral ao que apresenta a claudicacdo primaria.

- Compensatdrias ou complementares: Corresponde a manifestacdo de claudicagdo
em outro membro que ndo o membro com alteracdo patolégica. Normalmente ela se manifesta
em funcdo do desequilibrio na distribuicdo de peso entre os membros. Existem duas
manifestacdes classicas para claudicacdo compensatoria. A explicacdo para elas estd baseada
na Lei dos Lados. Segundo essa lei a claudicacdo primaria em um membro toracico pode
causar uma claudicagdo compensatéria no membro pélvico contralateral e a claudicagédo
primaria em um membro pélvico pode provocar uma claudicagdo compensatéria no membro
torécico ipsilateral. A caracteristica principal das claudicacdes compensatorias é que elas se

resolvem a medida que a claudicacao primaria € solucionada.

2.2. Avaliagéo da claudicagéo

2.2.1 Avaliacéo subjetiva

A avaliagdo subjetiva tem inicio tdo logo o clinico inicia o exame de claudicagédo, o
que normalmente se da pela identificacdo do problema através do conhecimento da histdria
clinica do cavalo. A partir deste ponto passam a ser realizados procedimentos (exame de
inspecdo e exame de palpacdo) que visam identificar alteragcbes que possibilitam ao clinico
identificar a estrutura comprometida. Esses procedimentos tém na esséncia o carater subjetivo

de avaliacéo, visto que eles sdo baseados em informacOes e avaliagOes pessoais, que estdo
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sujeitas a diferentes graus de interpretagdo em funcéo da experiéncia do avaliador, intensidade
dos sinais, temperamento do animal, etc.

Quando o exame de claudicacdo passa para a etapa do exame em movimento, a
identificacdo do membro claudicante e a determinacdo da intensidade (grau) da claudicacéo
ainda sdo realizadas de forma subjetiva através da avaliacdo visual feita por médicos
veterinarios ao examinar o animal ao passo e ao trote, em linha reta (BAXTER; STASHAK,
2011; ROSS, 2011a). As principais alteracdes no movimento utilizadas para detectar
claudicacdo através da avaliacdo subjetiva sdo a assimetria do movimento vertical da cabeca
durante e ap6s o apoio de cada um dos membros toracicos e a assimetria do movimento
vertical das tuberosidades coxais durante e ap6s o apoio de cada um dos membros pélvicos.
No entanto, mesmo para clinicos experientes, uma claudicacao sutil e leve poder ser dificil de
ser identificada e graduada (KEEGAN et al., 1998; ROSS, 2011a).

A claudicagdo quando presente, em intensidade moderada ou severa, facilita a
deteccdo correta do membro afetado. Nestes casos ocorre pouca discordancia entre os clinicos
no reconhecimento da claudicacdo. No entanto, em cavalos com claudicacdo intermitente,
claudicacdo de intensidade média, ou que alternam a claudica¢do entre os membros, o
resultado entre a avaliacdo dos clinicos é confuso e discordante (KRAMER & KEEGAN,
2004). Outro ponto importante na avaliagdo da claudicacéo é a experiéncia do avaliador e a
capacidade deste em graduar corretamente a claudicacdo. Estes critérios também sdo
importantes na diferenciacdo do lado (esquerdo ou direito) que esta com a claudicagdo, o que
pode ser dificil de ser determinado em claudicac@es discretas (KEEGAN, 2007).

Nos 0ltimos anos, muitos estudos tém sido feitos na tentativa de avaliar a
concordancia entre especialistas na deteccdo e avaliacdo de cavalos com claudicacdo. Alguns
destes estudos, como o conduzido por KEEGAN et al. (2010), tem demonstrado que a
concordancia entre avaliadores tem sido ligeiramente superior na claudicagdo de membros
toréacicos do que na claudicacdo de membros pélvicos. No mesmo estudo foi demonstrado que
quando os avaliadores foram solicitados a determinar se um membro especifico estava ou ndo
afetado, houve concordancia em 93,1% das vezes nas claudicacGes de intensidade moderada a
grave (grau da AAEP maior que 1,5) e em apenas 61,9% dos casos de claudicacdo leve ou
sutil (grau da AAEP menor que 1,5). No entanto quando solicitados a determinar se havia
claudicacéo e qual era 0 membro mais afetado o nivel de concordancia nao foi aceitavel, ou

seja, essa concordancia foi de apenas 51,6%.
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2.2.2 Avaliacéo objetiva

As limitacOes da avaliacdo subjetiva do movimento justificam o emprego de métodos
mais objetivos para a deteccdo de claudicacdo em equinos, exemplo disso é a capacidade ja
demonstrada por sensores inerciais sem fio em identificar uma claudicacao induzida antes que
veterinarios experientes o fagam (McCRACKEN et al., 2012).

Até recentemente as Unicas opcdes de avaliacdo objetiva eram atraves da avaliacao
cinematica (estudo do movimento sem considerar as forcas) com o equino trotando numa
esteira de exercicio, onde marcadores colocados em varias partes do corpo refletem a luz e
cameras de alta frequéncia capturam as imagens que séo transmitidas a um software que faz a
andlise dos dados, ou através da avaliacdo cinética (estudo das forgas do movimento) com o
uso de uma placa de forca estacionaria. Apesar de esses métodos serem muito mais confiaveis
do que a avaliacao subjetiva, as condicdes artificiais (ex: 0 piso) durante a avaliacdo na esteira
ou com a placa de forca estacionéria, o elevado custo dos equipamentos e instalacGes
necessarias € 0 seu uso na clinica e o fato da avaliacdo ser trabalhosa e demorada
praticamente inviabilizam o seu uso na rotina clinica (KEEGAN, 2007).

Nos ultimos anos, varios pesquisadores tém tentado desenvolver um método objetivo
que seja mais pratico para 0 uso na clinica. Tanto a abordagem cinética quanto a cinematica
tém sido testadas e ja existem alguns sistemas no mercado (KEEGAN, 2011; LOPES, 2011).
Dentre eles destaca-se o Lameness Locator™ que tém as seguintes vantagens: 1- custo muito
mais baixo do que os métodos tradicionais de avaliacdo objetiva, 2- € portatil e permite o
exame do animal sobre piso natural e nas mesmas condi¢des em que o animal é exercitado em
treinos e competicdes, 3- requer instrumentacdo minima do animal o que reduz o trabalho e o
tempo necessarios para 0 exame de cada animal e ndo interfere como os movimentos do
equino; 4- possui um software especificamente desenvolvido para a analise dos dados e
elaboracdo de um relatério com os resultados (KEEGAN, 2011; LOPES, 2011); 5- ja foi
validado em experimentos comparando-o com avaliacdo subjetiva e avaliacdo cinematica
tradicional e, nos membros torécicos, avaliacdo em placa de forca estacionaria (KEEGAN
etal., 2012).
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2.3. Lameness Locator™

E um sistema de sensores inerciais sem fio desenvolvido especificamente como
ferramenta para os veterinarios de equinos na deteccdo e avaliacdo de claudicacdes sutis, de
dificil identificacdo. O Lameness Locator™ consiste de trés sensores inerciais e um
computador portatil para anélise dos dados. Os sensores inerciais sdo fixados no alto da
cabeca, aspecto dorsal da quartela do membro toracico direito e sobre a linha média dorsal
entre as tuberosidades sacrais, na pelve. Estes sensores captam a aceleracao vertical da cabeca
e da pelve, assim como a velocidade angular do membro torécico direito distal enviando estes
dados em tempo real a um computador portatil. Algoritmos desenvolvidos especificamente
para esse equipamento sdo utilizados para detectar e quantificar a claudicagdo nos membros
toracicos ou pélvicos quando o cavalo esta trotando. O software detecta automaticamente
guando o cavalo estd em movimento ao trote (KEEGAN, 2010).

Algoritmos para 0 Lameness Locator™ foram desenvolvidos a partir de pesquisas com
cinematica tradicional (gravando imagens de video de equinos movendo-se sobre uma esteira
de exercicio). O movimento vertical da cabeca (para a detec¢cdo de claudicacdo dos membros
toréacicos) e da pelve (para a deteccdo de claudicacdo dos membros pélvicos) é convertido em
distancia. A claudicacdo é detectada e quantificada através do calculo da média e desvio
padrdo das alturas maximas e minimas da cabeca (maior que 6,0 mm) e da pelve (maior que
3,0 mm) para avaliacdo de membro toracico ou pélvico, respectivamente. Além disso, para
membros toracicos € feito o calculo da soma vetorial média (Vector Sum), que leva em
consideracdo a média das diferencas de altura maxima da cabeca (HDmax) e diferencas de
altura minima da cabeca (HDmin). Esses valores indicam se o membro toracico apresenta
claudicacdo e a intensidade da mesma, sendo a amplitude proporcional a gravidade da
claudicagéo e o sinal (positivo ou negativo) indicativo do lado da claudicagdo. Experimentos
anteriores estabeleceram um limiar para claudicacdo, de +/- 6 mm, tanto para a média de
HDmax ou HDmin. Isto corresponde ao valor aproximado de VS (assumindo que HDmax e
HDmin s&o 6,0 mm) de 6 mm. Quando pelo menos uma das variaveis (HDmax ou HDmin) se
encontrar acima deste limiar indica claudicacdo desde que dados de 25 passos tenham sido
colhidos de um cavalo trotando em linha reta (KEEGAN et al., 2011; RUNGSRI et al., 2014).
Além disso, a identificacdo da origem da claudicacdo é feita pela associacdo entre o
movimento da cabeca e da pelve e a velocidade angular do membro toracico direito. Os

resultados da avaliacdo da claudicacdo sdo apresentados na forma de graficos que indicam a
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amplitude da assimetria do impacto e da propulsdo em cada passo (KEEGAN, 2010). A figura

1 apresenta o relatério da avaliacdo de claudicacio feita com o Lameness Locator ™.
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Figura 1 - Relatério da avaliacéo de claudicacéo feita com o Lameness Locator™
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2.4. O exame de claudicacdo em animais com alteracéo de comportamento

A utilizacdo de farmacos sedativos ou tranquilizantes muitas vezes se faz necessario
qguando animais de temperamento sanguineo sdo submetidos ao exame de claudicacdo em
movimento (ROSS, 2011b). Esses animais, por apresentarem comportamento agitado,
frequentemente manifestam movimentos erraticos que interferem na identificacdo correta do
membro claudicante. 1sso é um problema principalmente quando a queixa de claudicacdo esta
relacionada aos membros toréacicos, onde o movimento de pendulo da cabeca é utilizado como
um dos indicadores do membro claudicante.

A acepromazina é um agente neuroléptico utilizado em medicina equina,
principalmente, por sua acgdo tranquilizante. A acepromazina possui a capacidade de
tranquilizar o animal sem causar sonoléncia ou ataxia, reduzindo apenas a atividade motora
espontanea. A xilazina tem sido usada, na medicina equina, pela sua capacidade de sedacéo,
analgesia e relaxamento muscular. Sua administracdo intravenosa produz profunda sedacéo
dose dependente, caracterizada por sonoléncia, abaixamento da cabeca e ataxia (PLUMB,
1999).

2.5. Influéncia do tipo de piso sobre a claudicacéo

A escolha do local onde sera realizado o exame é particularmente importante, visto
que alguns tipos de claudicacdo sdo exacerbados ou atenuados em fungdo do piso. O cavalo
deve, sempre, ser examinado em uma superficie plana e lisa. E importante também que a
superficie onde o exame sera conduzido ndo seja escorregadia, ja que alguns cavalos parecem
alterar a marcha encurtando o passo como forma de protecdo e ndo por claudicagédo
(BAXTER; STASHAK, 2011; ROSS, 2011b).

As propriedades da superficie tém efeito sobre as for¢as de tenséo e deformacao pelas
quais um cavalo passa durante o trabalho (BURN, 2006; GUSTAS et al., 2006; BURN;
USMAR, 2007). CREVIER-DENOIX et al. (2013) demonstraram que, no final da fase de
apoio (elevagdo/propulsdo) a carga sobre o tenddo flexor digital superficial €
significativamente afetada pela superficie, e que a carga aumenta mais na superficie de areia
do que na superficie de asfalto. CHATEAU et al. (2013) verificou também que a redugéo
observada nas forgas extra sagitais em momentos durante o circulo, em superficies mais

macias, corrobora com os achados clinicos, tais como a reducdo dos sinais clinicos de
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claudicagéo quando cavalos que sofrem de lesGes nas articulagdes estdo sendo examinados no
circulo em uma superficie mais macia. O incremento na duragdo do apoio e do momento
transversal deve ser levado em conta na interpretacdo do aumento da claudicacdo do membro
toréacico no lado interno do circulo, especialmente em superficies firmes. Enquanto o aumento
do pico de forca vertical e taxa de carga deve ser considerado na interpretacdo de claudicagéo
acentuada pelo lado de fora, especialmente em superficies macias.

Além disso, a superficie em conjunto com a modalidade esportiva é outro fator
preponderante no desenvolvimento de lesdes. Em cavalos Puro Sangue de Corrida as
superficies utilizadas para treinamento e corrida tém um impacto significativo sobre o risco de
lesdo (CHENEY et al, 1973; PARKIN et al, 2004; PERKINS et al., 2005), exemplo disso é a
probabilidade 2,5 vezes maior que cavalos que se exercitam em piso firme tem de
desenvolverem doenca metacarpiana dorsal (MOYER et al., 1991). Ja cavalos de
adestramento que comumente treinam e competem em superficies mais macias tem maior
incidéncia de lesdes no ligamento suspensorio dos membros pélvicos (MURRAY et al.,
2006).

A principal influéncia que a escolha do piso tem sobre a claudicacdo estd no fato que
algumas claudicacdes sdo exacerbadas em pisos duros e outras em piso macio. Superficies
duras, como pavimento ou concreto criam uma concussao maxima, que pode exacerbar
claudicacbes sutis. E importante ressaltar que alguns destes animais, muitas vezes, no
manifestavam nenhum grau de claudicacdo na superficie em que estavam habituados a
trabalhar (ROSS, 2011b). Superficies macias que permitem um maior afundamento do casco
predispdem a uma grande variedade de lesbes em tecidos moles, o que pode estar relacionado
a fadiga. Dentre essas lesOes destaca-se a desmite do ligamento suspensorio do boleto,
tendinite do tendao flexor digital superficial, desmite do ligamento acessério inferior e miosite
glutea. Ja as superficies duras predispdem a lesdes por impacto, representadas pelas lesbes de

casco, traumas articulares, lesdes dsseas e dor no esqueleto axial (MAHER; SNYDER, 2011).
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Abstract

The purpose was to investigate the influence of the use of acepromazine and of xylazine in the
gait pattern of horses with different behavior, submitted to lameness evaluation using inertial
sensors. Sixteen adult horses with different lameness degrees were used. On the first day, the
horses were pulled at the trot in a straight line before and 5 minutes after administering
acepromazine (0.025 mg/kg V). The next day, the tests were repeated using xylazine (0.25
mg/kg). The data al/a2, DIFFMAX and DIFFMIN of the forelimb and hindlimb were based
on specific algorithms for Lameness Locator. The occurrence of lameness (before and after
treatment) was evaluated by Fisher exact test. To analyze the DIFFMAX and DIFFMIN
variables, the Wilcoxon test was used. The number of sound horses and presenting forelimb
lameness before and after use the use acepromazine remained the same (seven sound and nine
lame horses); in hind limbs, there were five were sound and eleven 11 lame horses before
treatment and eight sound and eight lame horses after treatment. The number of horses
considered sound and with forelimb lameness before treatment with xylazine was eight horses
for each condition; seven were lame after treatment and nine were sound. Four horses were
sound and 12 had hind limb lameness before treatment with xylazine; after treatment, nine
were lame and seven remain sound. DIFFMAX and DIFFMIN of fore and hind limbs showed
no difference. The use of a tranquilizer or sedative did not interfere with the gait and lameness

of horses with different behavior and lameness intensity, evaluated by inertial sensors.

Keywords: horse; lame; Lameness Locator; objective evaluation; behavior.
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1. Introduction

Lameness is the major cause of lost of training days, early retirement and large
economic losses in the horse industry [1, 2]. A retrospective study with 198 young
Thoroughbred horses has shown that 67% of the training interruption cases were related to
lameness issues [2].

The accuracy of the lameness evaluation is mainly dependent of the expertise level of
the examiner, mostly because of the subjective interpretation criteria commonly used to score
lameness, such as the variability of the flexion tests or even the real effect evaluation of
anesthetic blocks performed (intra-articular or perineural) [3].

The Lameness Locator (LL; Equinosis, EUA) is a system based on the wireless
transmission of data through inertial sensors that works as an objective method in the
detection and evaluation of subtle lameness [4].

Sedatives drugs are sometimes needed to perform a lameness examination in horses
presenting restless behavior because the erratic movements of their heads while trotting
interfere with data collection, generating unreliable data [5]. The use of sedatives during the
perineural or joint anesthetic block might be necessary; however this can change the gait
pattern of the horses, making it hard to diagnose a subtle lameness [6].

Acepromazine maleate (ACE) and xylazine hydrochloride (XYL) are two of the drugs
available that are commonly used to make the exam easier and safer. Acepromazine is a
neuroleptic agent used in horses mostly by its tranquilizing action without secondary
undesirable effects [7, 8]. Xylazine has been used because of its sedative capacity, analgesia,
and muscle relaxation. The IV administration results in deep, dose-dependent sedation,

characterized by somnolence and low head carriage [9, 8].
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This study aimed to investigate the potential influence of the use of ACE and XYL in
the gait pattern of horses with different behavior, submitted to an objective lameness

evaluation using wireless inertial sensors (LL).

2. Materials and Methods

An approval from Committee on Animal Research and Ethics for this project was

obtained from Federal University of Santa Maria (number 23081.007645/2014/20).

2.1 Horses

Sixteen healthy adult mongrel horses, allocated in the city of Uruguaiana, Rio Grande
do Sul state, Brazil, with subtle (grade 1 or 2) and moderate lameness (grade 3) based on the
American Association Equine Practitioners lameness scale [10], in any limb (fore or hind),

were used in this study.

2.2 Drug treatments

At the first day of the study, all horses were objectively evaluated using the LL
(Equinosis), to get a baseline for subsequent evaluation. Then eight horses were treated with
0.025 mg/kg of acepromazine 1% (ACE group) IV (Vetnil, Louveira, Brazil) and the other
eight horses were sedated with 0.25 mg/kg of xylazine 10% (XYL group) IV (PRO-SER,
Buenos Aires, Argentina). All horses were reevaluated with the LL 5 minutes after treatment.
At the second day, the protocol was repeated (baseline evaluation and post treatment), with
the horses initially assigned to the ACE treatment receiving XYL and vice-versa. Baseline
evaluations performed before each treatment were used as control for each animal,

respectively.
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2.3 Data collection and analysis

Each horse was equipped with three wireless inertial sensors: two accelerometers, the
first on the top of the head and the second on the dorsal midline at the sacral tuberosity, and a
gyroscope on the dorsal aspect of the right pastern. Each analysis consisted of trotting the
horses a distance of 25-30 meters four times, totalizing 100-120 meters, on a straight line (on
concrete surface), collecting an average of 62 steps, varying between 39-88 steps per
evaluation.

All data collected were transmitted in real time to a portable computer via Bluetooth,
where a specific software makes the data analysis, according to the study by Kramer et al
[11]. The following variables were analyzed: al/a2 of the fore and hind limbs (relation
between the amplitude of the vertical movement of the head or pelvis produced by the
lameness and the amplitude of the basal movement of the head or pelvis); DIFFMAX and
DIFFMIN of the forelimbs and the hind limbs (mean and standard error; difference between
the highest or lowest point reached by the head or pelvis after weight support of the right
forelimb or right hind limb and the same point reached by the left forelimb or left hind limb,
respectively). The data collected by the gyroscope on the right distal forelimb are used to
determine the position of each limb because the trot is a symmetrical gait where the limbs
move in diagonal pairs.

The presence of lameness was considered when al/a2 was greater than 0.5 in the fore
and 0.17 in the hind limbs; the DIFFMAX or DIFFMIN was greater than 6 mm in the
forelimbs and 3 mm in the hind limbs, and the standard deviation of DIFFMAX and

DIFFMIN was lower than the mean.
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2.4 Statistical analysis

Statistical analysis was performed using commercially available software (Statistical
Analysis System, version 9, SAS Institute Inc,NC). The occurrence before and after sedation
and/ortranquilization) was evaluated by Fisher exact test, considering the effect of treatment
on the occurrence of lameness in the fore and hind limbs of sound horses (SOU) and lame
horses (LAM). To analyze the continuous variables (DIFFMAX and DIFFMIN) the Wilcoxon

test was used. The significance level was set at P <0.05.

3. Results

Sixteen horses showed lameness during the baseline evaluation using the wireless
inertial sensors and were included in the study. Number and percentage of horses presented as
SOU (when values were below threshold) and LAM, data of DIFFMAX and DIFFMIN are
listed in Table 1.

Based on Fisher exact test, there were no difference in the occurrence of claudication
in fore or hind limbs. Considering the forelimbs, before tranquilization with ACE, seven
horses (43.75%) were SOU and nine (56.25%) were LAM. After treatment, the proportion of
SOU and LAM horses remained the same. The lameness evaluation indicated that eight (50%)
horses were SOU and eight (50%) horses were LAM before treatment with XYL. After XYL
nine (56.25%) horses were SOU and seven (43.75%) were LAM.

Considering the hind limbs, it was observed that four horses (25%) were sound and 12
(75%) were lame before sedation. After XYL the number of SOU horses increased to seven
(43.75%) and lame ones declined to nine (56.25%). In the ACE group, five (31.25%) were
sound and 11 (68.75%) were lame before treatment. After ACE, the number of SOU horse

increased to eight (50%) and the number of LAM ones decreased to eight (50%).
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DIFFMAX and DIFFMIN of fore and hind limbs showed no difference comparing
SOU and LAM horses before and after treatments. There was no difference between horses
after XYL or ACE. However, a slightly greater trend of DIFFMAX and DIFFMIN values to
both fore and hind limbs and to SOU and LAM horses was observed after ACE treatment.
Sedation with XYL caused a mild increase of DIFFMAX and DIFFMIN values of the hind
limbs, both in SOU and in LAM horses, and XYL treatment caused a reduction in the
DIFFMAX values for the forelimbs in both SOU and LAM horses. DIFFMIN values of the

forelimbs were lower after XYL treatment but still greater in SOU horses (Fig 1).

4. Discussion

The decrease in the number of horses in the post-XYL LAM group (thoracic and
pelvic limbs) could be explained by the fact that some sedatives such as XYL may mask
subtle lameness due to its analgesic properties [5], its effect is believed to be strong in equines
[12]. However, in our study, the use of XYL did not show any analgesic effect in the
musculoskeletal system, as the proportion of horses with lameness in the thoracic and pelvic
limbs increased in the SOU group, as well as the DIFFMIN parameter increased in the
thoracic limbs and the DIFFMIN and DIFFMAX parameters increased in the pelvic limbs.
These results corroborate the description that the analgesic effect of XYL only occurs in
visceral pain, not being noticed any effect in the musculoskeletal system [9].

The absence of analgesic effect also can be demonstrated by the different results of
DIFFMAX and DIFFMIN in the thoracic and pelvic limbs where these parameters decreased
in the SOU group and increased in the LAM group after the use of XYL. In another study, the
influence of the XYL with lameness was tested in four horses, and changes were not found in

the lameness due to sedation [13]. The use of other more potent a2-adrenergic agonist
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(detomidine) also did not cause changes in the lameness, but showed changes in the standard
pattern of locomotion, when evaluated by kinematics. These changes were the increase in the
length and step duration [6].

The administered dose of ACE in this study caused no significant changes on the data;
however, there was a tendency of greater values of DIFFMAX and DIFFMIN under this drug.
These results corroborate data reporting the possibility that some horses, if treated, would in
fact exacerbate the lameness, making it easier to identify the problem [5].

The use of ACE or XYL, in these recommended dosages, allows better data collection
with wireless inertial sensors because horses became more cooperative; the gait pattern of the
horses was not changed and the occurrence of erratic head movements was reduced. These
data corroborate the findings of Hubbell [7] and Taylor and Clarke [8] that observed a
reduction in the spontaneous motor activity after tranquilization with ACE. The wireless
sensor technology is based on the registry of the head position to characterize lameness. The
reduction in the incidence of aberrant head movements in restless horses could contribute to
the accuracy of the data. According to some studies, the use of XYL, in any dose, is capable
of inducing ataxia [8], a fact that was not observed in our study. These results justify the use
of these drugs and dosages in stressed horses with subtle lameness because the intensity of
lameness will not be affected.

Our results contribute to the increasing number of studies on the use of wireless
inertial sensors for the detection of equine lameness, supporting the great interest of the
veterinary community on the objective lameness evaluation system. Results of previous
studies suggest that the inertial sensor system for lameness detection and evaluation of trotting
horses, in a straight line, has enough repeatability to validate its routine clinical use [14], and
is capable of identify a more subtle lameness than any subjective evaluation performed by

experienced veterinary practitioners [3].
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5. Conclusions

The use of a tranquilizer (ACE) or sedative (XYL) in these recommended dosages

does not interfere with the gait of horses with different temperament and lameness degree

submitted to evaluation with wireless inertial sensors (LL, Equinosis, USA).
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Table 1 — Number and percentage of horses with lameness in the fore and hind limb before and after the use of

ACE and XYL, mean and SD of DIFFMAX and DIFFMIN of fore and hind limbs.

Moment Number Of Horses DIFFMAX DIFFMIN
MEAN  SD MEAN SD
All horses
Forelimb
Before ACE 16 5.0031 45406 7.0436 6.4394
After ACE 16 5.6085 5.2609 11.1564  10.3442
Before XYL 16 6.3881 5.7228  7.5066 7.7812
After XYL 16 4.6573 5.1013  7.7998 5.2810
Hindlimb
Before ACE 16 3.1179 2.0024 2.1654 1.5756
After ACE 16 3.2801 21961  2.6163 1.4932
Before XYL 16 2.6557 1.5677 2.1584 1.5684
After XYL 16 2.8630 1.7134  2.5834 2.2504
Sound and lame horses
Forelimb
Before ACE SOU  7/43.75 2.3051 14918 3.2173 2.0710
Before ACE LAM  9/56.25 7.1014 5.0661 10.0197 7.1943
AfterACE SOU 7143.75 2.3374 14928 6.1379 4,1419
After ACE LAM 9/56.25 8.1527 5.7947  15.0597 12.1896
Before XYL SOU  8/50.00 3.5565 2.7389  2.1469 2.6679
Before XYL LAM  8/50.00 9.2196 6.6597 12.8663  7.5475
After XYL SOU 9/56.25 3.2357 2.6457  4.1511 2.0380
After XIL LAM 7143.75 6.4851 6.9854 12.4910  4.3059
Hindlimb
Before ACESOU 5/31.25 1.6112 1,1946  1.3686 1.0939
Before ACE LAM  11/68.75 3.8028 1.9474 2.5275 1.6684
After ACE SOU 8/50.00 2.3710 2.6172  2.0653 1.5349
After ACE LAM 8/50.00 4.1891 1.2635 3.1674 1.3144
Before XYL SOU  4/25.00 1.3968 0.8952  1.3990 0.5635
Before XYL LAM  12/75.00 3.0753 15376  2.4115 1.7286
After XYL SOU 7143.75 1.9721 1.2279 1.8997 1.6748
After XYL LAM 9/56.25 3.5559 1.7718 3.1152 2.5816

Abbreviations: ACE, acepromazine; LAM, lame; SD, standard deviation; SOU, sound; XYL, xylazine.
There was no difference between the variables at a significance level of P <0.05.
DIFFMAX and DIFFMIN indicate maximum and minimum heights during and/or after left and right stance
phases for the head or pelvis.
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Figure 1 - Graphic of DIFFMAX and DIFFMIN of fore (A and B, respectively) and hind limbs (C and D,
respectively) of sound SOU and lame horses before acepromazine (PRE ACE) and after acepromazine (POST
ACE) use and before (PRE XYL) and after xylazine (POST XYL) use. DIFFMAX and DIFFMIN indicate
maximum and minimum heights during and/or after left and right stance phases for the head or pelvis.
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SUMMARY

Reasons for performing the study: No studies have been conducted to evaluate lameness

objectively in horses when trotting on different types of track.

Objectives: The aim of this study was to evaluate objectively the potential influence of the
surface on which horses are examined, regarding the phase of lameness manifestation (impact

or elevation).

Study design: Randomized crossover study.

Methods: Ten horses diagnosed with lameness in at least one of the limbs underwent
lameness evaluation with wireless inertial sensors on three different track surfaces (concrete,
loose sand and grass). Six crossover track sequences were established. The results of the
variables vector sum, maximum and minimum height of the head, maximum and minimum
height of the pelvis, variation coefficient of the maximum and minimum height of the head
and pelvis were analyzed using ANOVA, followed by the Tukey test to compare the means
between track surface and sequence, at a significance level of 5%. The lameness phase

(impact or elevation) was also analyzed considering the proportion of affected animals.

Results: There were no differences on the variables of vector sum, maximum and minimum
height or variation coefficient of the head, maximum and minimum height or variation
coefficient of the pelvis. Difference was observed on the number of strides registered on sand
compared to grass and concrete (p <0.0001) for fore and hindlimbs. Impact type of lameness
on forelimbs was presented in a larger number of animals on the concrete surface; elevation
type of lameness was more evident on the grass surface. At the hindlimbs, impact lameness
was more evident on the grass surface, while elevation lameness was observed in a greater

number of animals on concrete surfaces.
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Conclusions: The track sequence on which horses were trotted during the lameness
evaluation does not seem to be a factor, but the number of lame horses and the phase of
lameness manifestation can vary between different track surfaces, as some horses showed

impact lameness on soft ground and elevation lameness on hard ground.

INTRODUCTION

Musculoskeletal injuries are a common health problem in athletic horses, and the
lesions have a significant relationship with the sport discipline [1]. Type and condition of
track surface on which horses are exercised also directly affect performance and

predisposition to musculoskeletal injuries in these animals [2, 3].

The tensile and deformation strengths which act on the horse during exercise differ
according to physical and structural track surface properties [4, 5, 6] and to the sport
discipline in which the horses compete. The surfaces used for training and racing
thoroughbred horses have a significant impact on the risk of injury [7, 8, 9]; an example is
that horses exercised/trained on packed dirt surface are 2.5 times more likely to develop
dorsal metacarpal disease [10], a clinical manifestation of stress fractures. In contrast,
dressage horses that commonly exercise and compete on loose sand surfaces have a higher

incidence of injuries in the suspensory ligament of the hindlimbs [11].

The track surface used during the lameness exam is particularly important, since some
types of lameness can be exacerbated or attenuated on hard surfaces and others on soft
surfaces [12]. Soft surfaces that allow a greater sinking/immersion of the hoof in the ground
predispose to a high variety of soft tissue injuries that could be related to fatigue. Some of
these injuries are fetlock desmitis of the suspensory ligament, superficial digital flexor

tendonitis, inferior accessory ligament desmitis and gluteal myositis. On the other hand, hard
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surfaces predispose to injuries like hoof, joint, bone lesions and pain in the axial skeleton

[13].

The aim of this study was to evaluate objectively, through body mounted wireless
inertial sensors, the possible influence of different track surfaces on which horses are
examined on the type of lameness (impact or push off), as well as assess if there is influence

of the track sequence in which tests are performed.

MATERIAL AND METHODS

Animals: Ten horses (5 geldings, 5 mares; mean age 11 + 5 years; body mass 407,5 + 47 kg)
of different sport modalities (2 jumping, 3 polo, e 5 hippo therapy) were used in this study.
The inclusion criteria in the study were based on the identification of lameness through a
commercial wireless inertial sensor system (Lameness Locator) in at least one of the limbs
during the first trot sequence. Some of these horses showed compensatory lameness, which

also were included in the assessment.

Treatments: The animals underwent lameness examinations at a trot, on three different
surfaces (concrete, loose sand and grass) (Figure 1). Six test sequences were established.
Sequence 1(SEQ 1) consisted of trotting on concrete, loose sand and grass; sequence 2 (SEQ
2) loose sand, concrete and grass; sequence 3 (SEQ 3) grass, concrete and loose sand;
sequence 4 (SEQ 4) loose sand, concrete and grass; sequence 5 (SEQ 5) concrete, grass and
loose sand; sequence 6 (SEQ 6) grass, loose sand and concrete. The order of the sequences
was determined at random as follows: SEQ 1, SEQ 4, SEQ 3, SEQ 2, SEQ 5 and SEQ 6.
Each horse trotted one sequence in the morning and another in the afternoon. A standard 5-

minute interval was established between each surface exam.
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Data collection: All animals were instrumented with three inertial sensors: an accelerometer
at the poll region, other accelerometer on the dorsal midline between the sacral tuberosities
and a gyroscope on the dorsal aspect of the pastern of the right forelimb. The sensors measure
the vertical acceleration of head and pelvis and the angular velocity of the right forelimb digit.
After instrumentation, the horse was trotted on a straight line and on a flat surface. Each
analysis consisted of trotting the horse for a distance of 25-30 meters and coming back (total

distance 50-60 meters).

Data analysis: The data collected (at a frequency of 200 measurements per second) were
transferred in real time via Bluetooth to a laptop computer where a specific software
performed data analysis. This analysis included calculation of the following variables: vector
sum (VS) that represent the mean difference of maximum (HDmax) and minimum height
(HDmin) of the head; HDmax of forelimbs (mean and standard deviation) is the difference
between the highest point of the head after support on the right forelimb and the highest point
of the head after support on the left forelimb; HDmin of forelimbs (mean and standard
deviation) corresponds to the difference between the lowest point of the head while support
on the right forelimb and the lowest point of the head during support on the left forelimb.
PDmax of hindlimbs (mean and standard deviation) correspond to the difference between the
highest point of the pelvis after support on the right hindlimb and highest point of the pelvis
after support on the left hindlimb; PDmin of hindlimbs (mean and standard deviation) is the
difference between the lowest point of the pelvis during support on the right hindlimb and the
lowest point of the pelvis during the support on the left pelvic limb. The data obtained by the
gyroscope positioned on the right forelimb digit served to detect the position of the right
forelimb digit and infer the position of each member once the trot is a symmetrical gait in
which the horse’s limbs move in diagonal pairs. Forelimb lameness was observed when VS

was greater than the threshold (8.5 mm), HDmax and/or HDmin, greater than 6mm and the
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standard deviation lower than the average. The hindlimb was considered lame when PDmax
and/or PDmin had an average higher than 3 mm and the standard deviation was below the
average. The variation coefficient (CV) was established by dividing the standard deviation by
the mean of each of the respective variables (HDmax, HDmin, PDmax, PDmin), however
when the mean was less than the reference value, division was made by the standard deviation
reference value (6 or 3 mm for forelimbs or hindlimbs, respectively). For statistical
calculation, we used the absolute value CVmaxh, CVminh, CVmaxp, CVminp. The
classification of lameness phase (impact or push off) was performed by reviewing the chart

generated by the software (Lameness Locator)  (Figure 1).

Statistical analysis: Statistical analysis was performed using a commercially available
software (Statistical Analysis System, version 9). To analyze continuous variables (HDmax,
HDmin, VS, PDmax, PDmin, CVmaxh, CVminh, CVmaxp and CVminp) ANOVA was
followed by Tukey test to compare the means between the different surfaces and between the

surface sequences. The significance level was 5%. Data are presented as mean + sd.

RESULTS

The number of strides collected during the evaluation on the sand floor was lower (p

<0.0001) than on other types of surface for both forelimbs and hindlimbs (Figure 2)

The frequency of lameness by the affected limb, stride phase (impact or push-off),

type of ground surface and test sequence performed is presented on Table 1.

On the concrete surface a higher incidence of impact forelimb lameness was detected

than on loose sand and grass surfaces (38/34/33, respectively), without considering a possible
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influence of test sequence. Assessments of push-off lameness on forelimbs were more
frequent on grass surface than on concrete and loose sand surfaces (18/9/7, respectively). The
hindlimb evaluation revealed predominance of impact lameness on the grass surface, followed
by loose sand and concrete surfaces (25/23/20, respectively). Evaluations of push-off
lameness on the hindlimbs showed a higher number of lame horses on the concrete surface

compared to grass and loose sand surfaces (26/22/9, respectively).

Continuous variables HDmax, HDmin, VS, PDmax, PDmin, CVmaxh, CVminh,
CVmaxp and CVminp showed no difference (P>0.05) between track surfaces. There was also
no influence of the sequence of gait examination on the results of HDmax, HDmin, VS,

PDmax and PDmin (Figure 3), CVmaxh, CVminh, CVmaxp and CVminp (Figure 4).

DISCUSSION

The present study aimed to investigate the possible influence of the surface on which
horses were examined over impact and push-off lameness when evaluated by a computer-
based system with known efficiency and repeatability. Several studies have been conducted
previously with these body-mounted inertial sensors for evaluation of flexion tests, effect of
anesthetic drugs, but no study has been performed to analyze whether ground surface has an
influence on lameness exam results [14, 15, 16]. The first objective was to verify if the inertial
sensors could detect a significant change when animals were evaluated on three different
ground surfaces and if different sequences of surfaces on which horses are examined could
affect the results. No difference (P>0.05) was observed between VS, HDmax, HDmin,
PDmax, PDmin, CVmaxh, CVminh, CVmaxp and CVminp regardless of the surface on
which horses were examined, neither the surface sequence used during the exam. This result

has an important role on the clinical gait examination, allowing the lameness exam to be
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initiated on any type of surface independently of clinical suspicion and type of lameness. In
addition, no difference in variability was observed between different track surfaces and
sequences. The surface on which the test is performed depends on the clinician’s preference
and the availability of different surfaces for such procedure at a time. Some clinicians prefer
harder surfaces like asphalt and concrete for the gait exam, since this condition causes a
greater concussion that could exacerbate subtle lameness [12]. The choice of soft or deeper

surfaces would be preferable to exacerbate soft tissue lameness [13].

The difference observed in the number of strides listed on the sand surface compared
to other surfaces can be related to the speed as the animal trots during the test, so the higher
the speed, the lower the number of strides listed for the same distance. Studies done using
kinematic analysis have shown that the animals get higher speeds when trotted on a sand
surface than when trotted on an asphalt surface, probably due to the reduction in stance phase
time and an increase in stride length [17, 18]. Although the coefficient of variation (CV) has
not differed between the track surfaces, it can be seen that the CV was higher on the sand
surface, which leads to greater variability assessment during the examination on this type of

surface.

A definitive diagnosis of the horses selected for this study was not established; the
classification of impact or push-off lameness was elaborated based on results of HDmax,
HDmin, PDmax and PDmin and evaluation of the charts generated by the software. Previous
studies showed that the phase of forelimb lameness is established by analyzing HDmax
values, where values greater than +6mm represent impact lameness on the right forelimb or
push-off on the left forelimb, and values lower than -6mm represent impact lameness on the
left forelimb or elevation on the right forelimb. On the other hand, HDmin enables
identification of the lame limb, where values greater than +6mm represent lameness of the

right forelimb and values greater than -6mm lameness of the left forelimb. PDmax represents
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push-off lameness where values over +3mm correspond to the right hindlimb and values
lower than -3mm to the left hindlimb. PDmin means values greater than +3mm correspond to

right hindlimb impact lameness and values lower than -3mm the left hindlimb [19].

Ground surfaces like asphalt and concrete have a greater probability to cause impact
lameness. Hard surfaces like these generate maximal concussion and thus worsening of a
subtle lameness or predisposes to development of joint, bone and hoof injuries [12, 13].
Similar results were observed in or study considering only forelimb lameness, a greater
number of animals showed impact lameness during examination on concrete surface than on
the other two surfaces. Literature reports that soft surfaces predispose horses to a variety of
soft tissue injuries such as desmitis and tendonitis [13]. The results observed in the present
study demonstrate that this affirmative is not always true, since a greater number of horses
showed push-off lameness when trotted on grass than when trotted on loose sand, which
appears to be the softest surface. Studies demonstrated that at the end of the stance phase
(push- off/propulsion) the load on the superficial digital flexor tendon is significantly affected
by the ground surface, and the load is greater on the loose sand than on the asphalt surface.
Horses suffering from tendon injuries usually do not demonstrate improvement in lameness
when examined on soft ground [20]. One explanation for a higher incidence of push-off
lameness in horses on grass compared to loose sand is the presence of organic matter, which
strongly influences density of the grass and thus ground compaction [21, 22]. However, in the

authors opinion, the grass surface used in this study did not present such feature.

Hindlimb impact lameness was observed in a larger number of horses trotting on grass
surface than on the others, which represents just the opposite to the concept that impact
lameness initiates on hard surfaces as concrete [12]. A possible explanation is the fact that
some grass surfaces may present a high degree of compaction over time, increasing the

density and hardness of the surface [23, 22]. Likewise, push-off lameness was more prevalent
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in horses trotting on the concrete surface, which is the opposite of what would be expected
considering the literature about push-off lameness or hard surfaces [12]. The data reported
that some hindlimb lameness could be compensatory to forelimb lameness. Kinematic studies
demonstrated that horses with induced lameness in the forelimb decreased displacement and
acceleration of the sacral tuberosity when the lame fore and contralateral hindlimb were in the
stance phase. This condition generates a false lameness on contralateral pelvic limb that may

be apparent [24].

More studies are needed to assess the influence of the ground surface considering the
type of injury that the horse presents (tendon and ligament structures versus bone and joint

structures).

CONCLUSION

The results of this study demonstrated that the motion exam could be performed on
any of the surfaces used without a predetermined sequence, since there was no difference in
the variables of the objective evaluation. However, examination on the sand surface provides

fewer strides collected by the system than for the same distance on other surfaces.

MANUFACTURERS’ ADDRESSES

# Equinosis LLC, Columbia, Missouri, USA.

b SAS Institute Inc., North Carolina, USA.



46

230 TABLE LIST

231  Table 1- Frequency of lame horses according to affected limb, phase of lameness (impact or

232  push-off), type of surface (C: concrete; S: loose sand; G: grass) and sequence of exams.

233
Sequence 1 4 3
Surface C § G S C G G C
Frontlimbs
Impact 6 4 4 5 7 3 7 6
Push-off 0 3 3 1 1 4 3 2
Hindlimbs
Impact 3 2 5 4 2 4 4 3
Push-off 3 1 3 1 5 4 4 6
Total Animals Surface C S G
Frontlimbs
Impact 38 34 33
Push-off 9 7 18
Hindlimbs
Impact 20 23 25
Push-off 26 9 22
234

235



236

237

238

239

240

241

242

243

244

245

246

247

248

47

LIST OF FIGURE LEGENDS

Figure 1 — A) Concrete surface; B) Loose sand surface; C) Grass surface, and D) Chart
generated by Lameness Locator® software showing one horse with push-off lameness on the
left forelimb (red line on the left chart represents Vector Sum and maximum values of
HDmax positive, and HDmin negative); and push-off lameness on the left hindlimb (red

columns above threshold on the right chart, PDmax negative and PDmin positive).

Figure 2 — Graphic showing the forelimb (A) and hindlimb (B) strides according to the

evaluated surface.

Figure 3 — Graphic showing HDmax, HDmin and VS of forelimbs and PDmax and PDmin of

hindlimbs according to the evaluated surface.

Figure 4 — Graphic showing CVmaxh (A), CVminh (B) of forelimbs and CVmaxp (C),

CVminp (D) (A) of hindlimbs according to evaluated surface.
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5. DISCUSSAO

Atualmente, o padrdo para avaliacdo de claudicacdo em cavalos é a classificacdo
subjetiva por meio de escalas, sendo que a mais utilizada é a escala AAEP(1991).
Recentemente, a utilizacdo dos métodos objetivos de avaliacdo de claudicagcdo tem ganho
importancia a partir de varios trabalhos realizados com avaliacdo subjetiva de claudicacdo
seguida da avaliacdo objetiva. Resultados tem demonstrado que a avaliacdo subjetiva, mesmo
entre especialistas, € apenas ligeiramente aceitavel em claudicacbes de severidade leve
(KEEGAN et al., 1998; ARKELL et al., 2006).

A utilizacdo de métodos objetivos de avaliacdo da claudicagdo, como 0s sensores
inerciais sem fio, tem sido considerada uma importante ferramenta durante a avaliacdo clinica
por ser de facil manipulacdo, apresentar boa repetibilidade de resultados e ser mais sensivel
que a avaliacdo subjetiva de claudicacdo na deteccdo de claudicacgdes leves (KEEGAN, 2011;
KEEGAN et al., 2011; McCRACKEN et al., 2012). Portanto, o uso de métodos de avaliagdo
capazes de proporcionar resultados padronizados e mais confiaveis como esse sistema
objetivo de avaliacdo de claudicacdo € fundamental em pesquisa.

O temperamento do animal é um fator muito importante neste contexto porque pode
interferir de forma substancial nos achados clinicos do exame de claudicacdo em movimento,
principalmente em animais com claudicacdo leve. E sabido que animais de temperamento
sanguineo podem tornar dificil a identificacdo do membro claudicante, principalmente,
quando a alteracdo esté localizada nos membros toracicos, visto que 0s movimentos erraticos
de cabecga produzidos durante o exame interferem no movimento de péndulo do pescoco
utilizado como um dos indicadores de claudicacdo para os membros torécicos (ROSS, 2011b).
A alta sensibilidade que o sistema a base de sensores inerciais sem fio tem em captar
milimetros de assimetria entre os antimeros esquerdo e direito também pode ser altamente
influenciada por movimentos erraticos e isso pode prejudicar a avaliacdo e a confiabilidade
dos resultados (KEEGAN et al., 2011).

A utilizacdo de farmacos como acepromazina e xilazina, drogas com potencial
tranquilizante e sedativo, respectivamente, se mostraram efetivas no controle de movimentos
erraticos, além de ndo causarem impacto significativo nas variaveis geradas pelo sistema de
sensores inerciais sem fio para identificacdo da claudicagdo. Os dados obtidos com o uso da
acepromazina vao ao encontro dos resultados encontrados por HUBBELL (2004) e TAYLOR

& CLARKE (2007) que observaram uma reducdo na atividade motora espontanea apos
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tranquilizagdo com acepromazina. A xilazina, um agonista o-adrenérgico tambem é
considerada um potente analgésico, principalmente visceral, ndo tem demonstrado efeito
analgesico sobre o sistema musculoesquelético, como demonstrado em nosso estudo, assim
como no conduzido por DYSON & KIDD (1993).

Outro ponto importante do exame clinico é o local onde serd conduzido o exame em
movimento, Vvisto que o piso no qual os animais séo exercitados e treinados possui um efeito
importante no surgimento e tipo de lesdes. Ou seja, existe uma relacdo direta do piso onde
serdo examinados com o tipo de lesdo que sera exacerbada (ROSS, 2011b). Alguns trabalhos
tém sido realizados com diferentes tipos de piso a fim de avaliar a carga em estruturas
tendineas (CREVIER-DENOIX et al., 2013), a pressdo exercida pelo casco sobre uma placa
de forca colocada em superficies macias (OOSTERLINCK et al., 2014), assim como o efeito
de trés diferentes tipos de superficies sobre a flexdo/extensdo e amplitude de movimento do
carpo, tarso e boletos de cavalos (MENDEZ-ANGULO et al., 2014).

No entanto, ndo se tem conhecimento de trabalhos que abordem a utilizacdo destes
sensores inerciais para avaliacdo de animais em diferentes tipos de superficies e a possivel
relacdo que o tipo de superficie tem sobre o tipo de claudicacdo e as varidveis geradas pelo
software. Nossos resultados demonstraram que 0 exame em movimento em trés diferentes
tipos de superficie, independente do diagndstico, ndo afeta significativamente as varidveis
geradas pelo software, com excec¢do do nimero de passos coletados que foi em menor nimero
na superficie de areia. 1sso permite dizer que, independente do tipo de claudicacdo (impacto
ou elevacdo), a ordem com que o exame foi realizado nos trés diferentes tipos de superficie
ndo afeta de forma significativa as varidveis geradas pelo software. Assim a escolha por qual
tipo de superficie o animal sera primeiramente examinado recai sobre a preferéncia do clinico.

A diferenca no nimero de passos pode ser explicada pela velocidade maior que 0s
animais imprimem na superficie de areia, visto que eles percorrem a mesma distancia em um
menor tempo devido ao aumento no comprimento do passo e reducdo no tempo de apoio,
quando comparado as demais superficies testadas (CHATEAU et al., 2010; CHATEAU et al.,
2013)

Foi observado que o concreto, a superficie mais firme, identificou um maior nimero
de animais com claudicacdo de impacto em membros toracicos, concordando com ROSS
(2011b), ja no membro pélvico foi identificado um maior numero de animais com claudicacéo
de elevacdo, fato este que acreditamos ser em razdo destas serem classificadas como
claudicacbes compensatorias em sua maioria. A superficie de grama identificou um maior

numero de animais com claudicacdo de elevacdo nos membros toracicos e um maior numero
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de claudicacdo de impacto nos membros pélvicos. Esses resultados ndo podem ser totalmente
explicados, visto que os animais foram avaliados no mesmo momento quanto a claudicagdo
nos membros toréacicos e pélvicos e os resultados nos tipos de manifestacdo da claudicacéo
foram diferentes. O teor de matéria organica ou o grau de compactacédo do solo poderiam ser
0S responsaveis por um maior ou menor nimero de claudicacBes de elevagdo e impacto,
respectivamente (BAKER et al., 1998; BROSNAN et al., 2009; SAFFIH-HDADI et al.,
2009). Contudo acreditamos que o grau de compactacdo mais acentuado da superficie de
grama utilizada possa ser o fator a considerar no elevado indice de claudicacdo de impacto.
Isso se deve ao fato que a superficie em questdo pertence ao um campo de polo com anos de
construcdo e que é constantemente usado para treinamento e competi¢do, 0 que aumenta o
grau de compactacao.

Acreditamos ainda que mais estudos sdo necessarios a fim de avaliar a influéncia do
tipo de piso em funcdo do tipo de lesdo que o animal apresenta (estruturas tendineas e

ligamentares versus estruturas 6sseas e articulares).



6. CONCLUSAO

No primeiro estudo se constatou que o uso de um tranquilizante (acepromazina) ou
sedativo (xilazina) nas dosagens recomendadas ndo interfere na marcha de cavalos com
diferentes graus de claudicacdo e temperamento, submetidos a uma avaliacdo com sensores
inerciais sem fio.

No segundo estudo, podemos concluir que o exame em movimento pode ser realizado
em qualguer um dos pisos testados sem necessidade de seguir uma sequéncia pré-
determinada, visto que ndo houve diferenca nas varidveis da avaliacdo objetiva por sensores
inerciais sem fio. Deve se dar atencdo para o nimero de passos coletados na superficie areia,

que em geral sdo em menor numero se comparado as demais superficies.
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