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RESUMO GERAL

A termografia infravermelha € capaz de medir a temperatura das superficies
corporais e pode detectar disturbios circulatérios provenientes da inflamacéo
semanas antes da manifestacao clinica, portanto tem sido usada para ajudar no
diagnéstico de claudicacéo. Desta forma, surge como hipotese, que ela poderia ser
também uma ferramenta valiosa para entender a adaptacdo musculoesquelética ao
treinamento de corrida, e uma técnica sensivel para prever a ocorréncia de lesdes.
Este estudo teve como objetivo avaliar a variacdo térmica do sistema
musculoesquelético de equinos jovens da raca Puro Sangue Inglés (PSI) durante
seus primeiros meses de treinamento para corrida. Os exames termograficos foram
realizados quinzenalmente em 16 cavalos PSI (10 machos e seis fémeas) entre 20 e
23 meses de idade (21.7 + 0.9). As avaliacbes foram realizadas desde o inicio do
treinamento desses animais, em junho de 2016, e finalizaram em janeiro de 2017,
totalizando 16 avaliagdes. As imagens termogréaficas eram realizadas no inicio da
manhd, 30 minutos apés a limpeza dos cavalos dentro de suas baias e no mesmo
horario (06:00 am), a uma distancia de 1,5 m do animal, utilizando uma camera
térmica (modelo E50bx, FLIR Systems Sorocaba, Brasil). Os termogramas foram
avaliados usando o software FLIR Tools, e a temperatura (°C) foi medida nos
aspectos dorsais e palmares/plantares de regifes especificas de interesse, incluindo
regides do boleto, metacarpo e metatarso, e regides do carpo e do tarso. A imagem
também foi realizada na coluna toracolombar e sacroiliaca, e na anca. Inicialmente,
a temperatura aumentou em todas as regides anatdmicas ao longo do estudo, com
temperaturas significativamente mais altas na avaliacao final em comparacdo com a
inicial (p<0,0001). Todas as regides demonstraram uma correlacao positiva entre si.
No entanto, houve uma diferenca significativa entre os lados direito e esquerdo
durante os diferentes periodos de treinamento. Quatro cavalos tiveram interrupcéo
no treinamento devido a lesdes musculoesqueléticas; sendo que o exame
termografico anterior a manifestacdo clinica foi capaz de revelar mudancas
significativas de temperatura nas regides de interesse. Os resultados deste estudo
demonstraram que a termografia infravermelha € uma técnica sensivel e néo
invasiva, que pode facilitar na compreensdo das adaptagcbes do sistema
musculoesquelético ao treinamento para a corrida, e pode ser usada como uma

ferramenta preditiva com antecipacao na ocorréncia de lesdes.
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Palavras-chave: Adaptacdo; Cavalos de corrida; Diagnéstico; Equino; Termografia.
ABSTRACT

Infrared thermography is able to measure the body surfaces temperatures and has
been used to aid in the diagnosis of lameness, and can detect circulatory disorders
from inflammation weeks before the clinical manifestation. In this way, it appears as a
hypothesis that it could also be a valuable tool to understand the musculoskeletal
adaptation to running training, and a sensitive technique to predict the occurrence of
injuries. The present study was aimed to evaluate the thermal variation in
musculoskeletal system of young Thoroughbred (TB) horses during their initial
months of race training. Were performed thermographic examinations fortnightly on
16 (10 male, six female) TB racehorses with approximately two years old, with a total
of 16 evaluations from arrival to the racetrack in June 2016, until January 2017. Was
performed the thermographic imaging early in the morning (06:00 am), 30 min after
the horses were cleaned inside their stable stalls, at 1.5 m of distance using a
thermal camera (Model E50bx, FLIR Systems, Sorocaba, Brazil). The images were
evaluated using FLIR Tools software, and temperature (°C) was measured at the
dorsal and palmar/plantar aspects of specific regions of interest, including fetlock,
metacarpal and metatarsal regions, and carpal and tarsal regions. Imaging was also
performed on the thoracolumbar and sacroiliac spine, and in both hips. As a result,
all regions demonstrated a positive correlation with which other. The temperature
increased in all anatomical regions throughout the study, with significantly higher
temperatures in the final evaluation compared with the initial one (p < 0.0001).
However, there was a significant difference between the right and left sides during
the different training periods. Some horses exhibited poor musculoskeletal conditions
associated with training; and the thermographic examination before training was able
to reveal significant changes before clinical manifestation. Results of this study
demonstrated that infrared thermography is a non-invasive and sensitive technique
that can facilitate understanding of musculoskeletal system adaptations to race

training, and may be used as a predictive tool to anticipate the occurrence of lesions.

Keywords: Adaptation; Diagnosis; Equine; Race horses; Thermography.



10

CAPITULO 1 - INTRODUCAO E CONTEXTUALIZACAO

A cadeia produtiva do cavalo no Brasil € um setor muito importante para a
economia. A atividade movimenta anualmente R$ 16,15 bilhbes e gera 610 mil
empregos diretos e 2.230 mil empregos indiretos. A tropa nacional é superior a 5
milhdes de cavalos, computados os cavalos de trabalho, de raca, lazer e
competicdo. Sendo que o niumero estimado de cavalos Puro Sangue Inglés (PSI) de
corrida no Brasil € de 15 mil animais (MAPA, 2016). Devido a importancia desse
setor no ambito nacional, € dever dos profissionais que trabalham nesse meio
estarem atualizados com tecnologias que auxiliem na manutengcao e no crescimento
desta area e, além disso, que priorizem o bem-estar desses animais.

Dentre as principais afeccdes que envolvem cavalos PSI de corrida, as lesdes
relacionadas ao sistema musculoesquelético sdo as principais responsaveis por
condi¢gbes que resultam na diminuicdo do desempenho, interrupcdo do treinamento
e incapacidade atlética prematura (Hernandez e Hawkins, 2001; Rogers et al.,
2012). Nos Estados Unidos, 19% a 33% dos cavalos Puro Sangue Inglés (PSI) de
corrida deixam o treinamento aproximadamente no terceiro més (Haynes e
Robinson, 1989; Kobluk et al., 1991; Hill et al., 2001), e 26% deles até o nono més
na Alemanha (Lindner e Dingerkus,1993).

Pesquisas atuais envolvendo cavalos PSI estdo voltadas para uma melhor
compreensdao dos fatores que levam a alta incidéncia de lesdes
musculoesqueléticas. Essas lesdes prejudicam a percepcdo publica acerca da
corrida de cavalos, e tém consequéncias emocionais e financeiras relacionadas a
perda de cavalos atletas em decorréncia de lesdes precoces. Além disso, essas
lesbes comprometem a seguranca de outros cavalos e joqueis, devido a possivel
ocorréncia de acidentes durante as provas ou treinos que possam envolver 0s
joqueis e outros animais (McKee, 1995; Estberg et al., 1996; Bailey et al. , 1997;
Boden et al.,, 2005; Wylie et al., 2017). Desta forma, € necesséario entender as
adaptacdes fisiolégicas do sistema musculoesquelético que ocorrem durante o
treinamento de corrida.

Prevenir as lesbes do sistema musculoesquelético € fundamental,
especialmente quando se trata de cavalos jovens que estéo iniciando a vida atlética.
Estes animais ainda ndo atingiram o nivel de maturidade fisica necessario para

suportar treinamentos intensos, tendo sua estrutura musculoesquelética ainda em
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desenvolvimento, o que o torna suscetivel ao surgimento de lesbes (Velie et al.,
2013). Foi demonstrado que cavalos PSI de corrida apresentam falhas adaptativas
em suas estruturas 0sseas e articulares, consequéncia de doencas relacionadas ao
estresse, que se desenvolvem quando ha o treinamento intenso ou excessivo. Esta
sobrecarga causada pelo treinamento excessivo influencia diretamente na
capacidade de adaptacdo dos ossos e articulagdes. O resultado desta ma adaptacao
€ uma fadiga ciclica que resulta em compressao excessiva das estruturas ésseas e
articulares (Nunamaker, 2002; Muir et al., 2008; Whiton et al., 2010).

As modificacbes musculoesqueléticas ocorrem precocemente e muito
sutilmente, praticamente sem evidéncia em exames de radiografia digital, sugerindo
a necessidade de ressonadncia magnética, cintilografia e/ou tomografia
computadorizada para identificacdo (Gaschen e Burba, 2012). Isso, portanto, levou a
busca de outros métodos para identificar os primeiros sinais de ma adaptacao do
sistema musculoesquelético dos cavalos ao treinamento de corrida que sejam faceis
e confiaveis.

A termografia infravermelha é uma técnica baseada na observacdo de
mudancas de temperatura locais, portanto identifica modificacdes -circulatorias
resultantes de um processo inflamatorio e é até 10 vezes mais sensivel do que a
ma&o humana (Turner et al., 2001). Esta ferramenta foi relatada como uma técnica de
diagnostico capaz de demonstrar alteracdes subclinicas nas articulagfes e tenddes
de cavalos atletas, como alteracdo de temperatura nessas regides, duas semanas
antes do aparecimento dos sinais clinicos (Stromberg, 1973; Vaden e Purohit, 1980).
Seguindo este contexto, Turner et al. (2001), Soroko et al. (2014) e Michelotto et al.
(2016) identificaram a possibilidade de monitorar o impacto do treinamento atraves
da medicdo da temperatura da superficie corporal, que é influenciada pela
vascularizacdo e atividade metabdlica abaixo da superficie da pele. Até hoje, no
entanto, nenhum estudo foi realizado utilizando um grupo homogéneo de cavalos
PSI desde o inicio do treinamento para corrida.

Neste estudo, levantamos a hip6tese de que a termografia infravermelha pode
identificar com precisdo as modificacdes musculoesqueléticas ocorridas em cavalos
PSI de corrida jovens que iniciam o treinamento. Portanto, o objetivo do presente
estudo foi avaliar o uso do exame termografico para investigar modificacdes
musculoesqueléticas adaptativas em equinos jovens da raga PSI durante os meses

iniciais de treinamento. Além disso, o valor da termografia como uma ferramenta de
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diagnéstico profilatico na antecipacédo da ocorréncia de lesdes musculoesqueléticas

também foi investigado,

1.1 Sistema musculoesquelético de cavalos PSI de corrida: Adaptacdo ao

treinamento

A incidéncia de lesdes fatais relatada no cavalo PSI durante a corrida € de
0,30 a 2,44 ocorréncias para cada 1000 partidas (Bourke, 1995; McKee, 1995; Bailey
et al., 1997; Williams et al., 2001; Boden et al., 2006; Henley et al., 2006; Arthur,
2010; Hitchens et al., 2019), e a maioria das fatalidades foi atribuida a lesdes
musculoesqueléticas necessitando de eutanasia (Estberg et al., 1998; Williams et al.,
2001; Hitchens et al., 2016). Em adicao, tais ferimentos sdo a causa mais comum de
quedas nos jéqueis e tém sido associados a um risco aumentado de lesdo nos
joqueis na Califérnia (Hitchens et al., 2016) e na Australia (Wylie et al., 2017).

Um estudo epidemiolégico sobre as lesGes fatais ocorridas durante as
competicdes de cavalos PSI de corrida no Hipédromo de Cidade Jardim do Jockey
Club de S&o Paulo, entre 1996 e 2006, revelou uma incidéncia de 2,68 lesbes
graves para cada mil largadas, das quais 67,1% nao foram fatais (1,8/1000
largadores) e 32,9 % foram fatais (0,88/1000 largadores). Durante os 11 anos do
estudo, foi observada uma diminuicao progressiva, estatisticamente significativa, no
namero dos dias de corridas, corridas, largadas por cavalo e cavalos por pareo,
entretanto, observou-se um aumento das ocorréncias graves, fatais e ndo fatais
(Legorreta, 2013). Isso demonstra que mesmo com a evolugcdo da medicina
veterinaria dos ultimos anos, com altas tecnologias de diagndstico e tratamentos
disponiveis, essa classe de animais continua sofrendo com a alta incidéncia de
lesbes.

Cavalos da raca PSI de corrida possuem uma falha adaptativa em sua
estrutura articular, devido a alta exigéncia fisica a que sao expostos (Whitton, 2010).
E provavel que eles possuam uma falha na remodelacdo éssea, tendo uma
reparacao fisiologica deficiente. Por esse motivo, a atividade atlética cumulativa
pode levar a perda de cartilagem hialina da superficie articular, devido a uma
diminuicdo da vascularizagdo da cartilagem ao longo do tempo, e falha no

remodelamento (Holmes et al., 2014). A consequéncia disso é uma falha adaptativa,
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com acumulo de microdanos na superficie articular, associada a esclerose do 0sso
subcondral adjacente, e desenvolvimento de fraturas por estresse (Muir et al., 2008).

Outra explicagdo seria que os métodos de treinamento e condicionamento
dos equinos de corrida ndo estariam evoluindo ao ponto de aperfeicoar as respostas
adaptativas do sistema musculoesquelético desses animais, pois muitos sistemas de
treinamento ainda estdo pautados em métodos empiricos e tradicionais (Goodship e
Smith, 2006).

Os métodos de treinamento sdo importantes, pois, quando uma carga €
aplicada a um o0sso, ele se deforma. Dentro de um limite esta deformacao é elastica
e 0 0sso retorna a sua forma original, inalterada, uma vez que a carga seja
removida. Se o grau de deformacdo ultrapassa o limite, uma mudanca irreversivel
pode acontecer no 0sso. Enquanto uma carga extrema unica pode deformar 0 0sso
além do seu limite, resultando em falha completa e repentina, uma carga menor
pode ser insuficiente para causar uma falha completa e repentina. Porém, a
repeticdo de tal carga pode resultar em danos (fadiga), o que pode levar a uma falha
grave. O grau de deformacdo depende da magnitude da carga e rigidez do 0sso.
Esta é determinada pela sua geometria e propriedades do material do tecido 6sseo
sob o qual é formado (Riggs, 2002). Estd bem estabelecido que a forma geral e a
construcdo da maioria dos 0ssos sdo geneticamente predeterminadas; no entanto,
sua massa, estrutura tridimensional e caracteristicas microestruturais sdo todas
capazes de mudar em resposta a variacdo do seu ambiente mecanico (Riggs et al.,
1993). No entanto, ndo se sabe quanto tempo leva para que aconteca uma
modelagem/remodelacéo adaptativa completa no osso de um cavalo (Whitton et al.,
2010).

Os mecanismos de modelagem 6ssea acompanham geralmente 0s processos
de crescimento e de hipertrofia do sistema musculoesquelético, modificando
estrategicamente o tamanho e a forma das estruturas 6sseas. A modelagem éssea
consiste na formacédo de tecido 6sseo sem que tenha ocorrido qualquer reabsorcao
prévia. Por sua vez, a remodelacdo 6ssea age na reconstrucdo de uma area 0ssea
previamente lesionada, compreendendo sempre um processo de reabsorcao antes
de qualquer etapa de formacdo. Pode-se afirmar entdo que a modelagem
(construcdo) esta mais relacionada com a prevencdo dos danos, enquanto a

remodelacdo (reconstrucdo) estd mais ligada com a sua reparagdo. A modelagéo e
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remodelacdo O0ssea minimizam o stress alterando a estrutura 0ssea para evitar a
ocorréncia de situacdes de fraturas 6sseas (Nakashima et al., 2012).

Um estudo histomorfométrico do cortex dorsal dos o0ssos do terceiro
metacarpo de cavalos PSI submetidos experimentalmente a diferentes niveis de
exercicio, demonstrou modelagem significativamente aumentada, porém com
diminuicdo da remodelacdo 6ssea em animais que foram exercitados quando
comparados ao grupo controle que estava em repouso (McCarthy e Jeffcott, 1992).
Os ossos de um cavalo que esta em treinamento de corrida sdo submetidos a
cargas elevadas. Estas por sua vez, resultardo em altas tensdes e, portanto,
ocasionando risco relativamente elevado de danos até que uma resposta 0ssea
adaptativa seja completada (Riggs, 2002).

Mudancas significativas ocorrem nas propriedades geométricas do terceiro
metacarpo em cavalos PSI em resposta ao treino de corrida (Sherman et al., 1995;
Davies et al., 1999), mas nenhum estudo documentou a duracdo dessa resposta.
Portanto, o tempo que um cavalo precisa estar em treinamento antes de completar a
adaptacao permanece desconhecido.

Cavalos PSI de corrida iniciam o treinamento antes mesmo de completarem o
seu desenvolvimento musculoesquelético. Entretanto, cavalos que iniciam o
treinamento mais jovens (até 2 anos), ttm maiores chances de ter sucesso na
carreira atlética do que os que iniciam mais tarde, devido a uma melhor adaptacao
ao exercicio. Porém, quanto mais jovens, maior o risco de sofrerem lesdes e
necessitarem de interrupcdes durante o treinamento (Tanner et al., 2013).

Bolwell et al. (2013) desenvolveram um estudo com cavalos de corrida PSI de
até 2 anos de idade e perceberam uma correlacdo entre as interrupcdes no
treinamento com o desempenho nas competicdes e longevidade na carreira de
cavalos atletas, concluindo que os animais que tiveram o treinamento inicial
interrompido devido a lesGes musculoesqueléticas, tiveram maiores chances de

apresentar danos a carreira atlética no futuro.

1.2 Principais alterag6es musculoesqueléticas do cavalo PSI de corrida

Os fatores de risco para lesbes musculoesqueléticas que envolvem cavalos PSI

de corrida sé&o idade avancada, fatores relacionados ao nivel do cavalo, por
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exemplo, cavalos que competem em categorias mais importantes tem um risco
maior de apresentar lesbes; o0 sexo, sendo que os machos foram mais propensos a
apresentar lesfes; fatores como a qualidade da pista, distancias mais longas, e
fatores relacionados ao manejo, incluindo questfes identificadas no exame pré-
corrida como lesdo anterior ou pré-existente, e administracdo recente de
medicamentos (Hitchens et al., 2019).

A maioria das lesdes 6sseas em cavalos PSI sdo consequéncia de lesGes por
estresse no 0sso subcondral, ou seja, séo resultadas de micro lesbes repetitivas que
ocorrem no 0SSO em resposta as forcas de concussdo que estdo sujeitos no
treinamento de corrida. Esse tipo de lesdo por estresse € muito frequente e pode
estar presente em cavalos que nao apresentam sinal clinico de claudicacéo, ou que
apresentam sinais de dor e claudicacdo, mas que ndo sdo diagnosticados, devido a
dificuldade da incidéncia do raio-x nas regides lesionadas (Gaschen e Burba, 2012).

A regido do boleto é o foco de vérios tipos de lesbes, e é a regido mais
acometida na rotina de cavalos PSI de corrida (Muir et al., 2008). Fraturas de condilo
do osso terceiro metacarpiano, osteocondrose traumatica do aspecto palmar dos
condilos do terceiro metacarpiano, desmite do ligamento suspensor, fratura dos
sesamoides proximais e desmite dos ligamentos distais dos sesamdides proximais
sao todas lesbes comuns (Stover, 2003). Em um estudo com 150 cavalos PSI, 56%
dos animais tiveram interrupcdo no treinamento devido a lesdes envolvendo a
articulacdo do boleto dos membros toracicos, a maioria ocasionada por estresse
acumulativo envolvendo osso, cartilagem ou tecidos moles (Arthur et al., 2011; Hunt
e Northrop, 2011).

O carpo (Jeffcott et al., 1982), a falange distal (Mohammed et al., 1991), e tend&o
flexor digital superficial (Robinson et al., 1988) também foram relatados como
estruturas frequentemente afetadas por lesées em cavalos PSI de corrida. As lesbes
normalmente ocorrem na metade distal dos membros toracicos (Wilson et al., 1996).
As lesdes que envolvem o carpo normalmente ndo sdo lesdes graves. O aparelho
suspensorio que suporta a articulagdo metacarpofalangica (ligamento suspensor,
0ss0s sesamoides proximais e ligamentos distais dos 0ssos sesamaides proximais)
e 0 0SSO terceiro metacarpo, sao as estruturas mais comumente afetadas por lesdes
graves (Johnson et al., 1994; Hernandez e Hawkings, 2001).

Em estudos anteriores realizados na Australia, foi relatado que aproximadamente

trés quartos das lesdes fatais que envolvem cavalos PSI de corrida acontecem nos
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membros toracicos (Peloso et al., 1994; McKee, 1995; Estberg et al., 1998; Cruz et
al., 2007).

A periostite metacarpal também estd entre as principais afec¢cdes locomotoras
gue afetam cavalos de corrida, conhecida como “dor de canela”, principalmente nos
cavalos PSI de corrida jovens (Bailey et al., 1998). Nunamaker (2002) descreveu
que a periosite metacarpal representa 24,1% de todas as lesdes
musculoesqueléticas em cavalos PSI; além disso, estima-se que 12% dos cavalos
com periostite metacarpal desenvolvem subsequentemente evidéncia radiografica
de fraturas de estresse na regido dorsolateral do terceiro 0sso metacarpiano, iSso
dentro de um ano apos a leséo original. Tais lesdes ocorrem quando h4 treinamento
intenso ou excessivo que superam a capacidade 0ssea de suportar tal estresse. No
entanto, os membros pélvicos raramente sdo afetados para este tipo de afeccéo
(Bertone, 2002), porém, no estudo de Michelotto et al. (2016) utilizando a
termografia, observou-se que 0s membros pélvicos também sofrem alteracdes

importantes de adaptacao ao treinamento.

1.3 Termografia infravermelha e obtencdo da imagem termografica

A termografia pode detectar e medir a radiagdo infravermelha emitida
espontaneamente de qualquer objeto que esteja em uma temperatura acima do zero
absoluto (-273°C) (Rosenmeier et al., 2012). E uma ferramenta de andlise no
invasiva por ndo causar danos ao paciente e nem ao operador. Ela pode ser
considerada um método fisioldgico de avaliacdo, porque fornece uma avaliacdo em
tempo real, capaz de criar uma imagem dinamica do objeto avaliado, por meio de
um termograma. O termo “termograma” refere-se a representacdo grafica da
radiacdo eletromagnética emitida por uma superficie, que € entéo transformada em
uma imagem visivel, e demonstra a temperatura corporal através de uma escala de
cores (Turner, 2001).

O aquecimento da superficie corporal é influenciado pela circulacdo local e pelo
metabolismo do tecido que estd em contato ou préximo a pele. Alteracbes na
temperatura da superficie corporal sdo causadas por alteracdes na perfuséo tecidual

local. O calor € um dos principais sinais de inflamag&o, uma vez que o aumento do
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suprimento sanguineo no processo inflamatério leva ao aumento da temperatura
local. Les@es teciduais ocasionadas por traumas ou doencas inflamatérias sempre
causam uma mudanca na circulagcdo e a termografia pode detectar um ponto ou
regido mais quente na imagem, associado a uma inflamacéo local; ou um ponto ou
regido mais fria, que pode ser uma diminuicdo da temperatura causada por uma
alteracdo no fluxo sanguineo, como por exemplo uma isquemia tecidual, trombose
venosa, edema, entre outros (Kastberger e Stachi, 2003; Yanmaz e Okumus, 2007).

A termografia € utilizada principalmente por trés diferentes funcdes na pratica
veterinaria. A primeira € 0 uso da termografia como ferramenta de diagndstico em
um animal que ja foi detectado uma leséo prévia. Neste caso, a técnica é utilizada
como auxilio no prognéstico da doenca e acompanhamento da evolugdo do
tratamento (Arruda, 2011). O segundo método de utilizacdo desta técnica esta no
programa de avaliacdo do bem-estar animal, porque a variacdo da temperatura da
pele causada por vasoconstricdo periférica € dependente do estado fisiolégico e
emocional do animal (Valera et al., 2012). E o terceiro método é o uso da
termografia para melhorar a avaliacdo fisiolégica de um animal clinicamente
saudavel. A termografia € capaz de realizar um mapeamento geral da superficie
corporal, ajudando a identificar a presenca de assimetrias, detectar mudancas de
temperatura e indicar “areas anatdbmicas suspeitas” de alguma les&o, antes de ser
realizado o exame clinico completo. No entanto, o médico veterinario deve
interpretar as informacdes obtidas e posteriormente investigar, por meio de
comparacao com outros exames, a causa da variacdo de temperatura (Becker-Birck,
2012). Neste ultimo inclui o uso da termografia em cavalos de esporte por meio de
avaliacOes seriadas, para deteccdo do estresse musculoesqulético e de lesdes
subclinicas. Outros usos da termografia incluem o monitoramento de alguns
procedimentos clinicos, avaliacdo do efeito vasomotor de alguns medicamentos
especificos, e como ferramenta auxiliar em programas de antidoping, entre outros
(Levet et al., 2009).

A termografia também possui algumas limitacdes, como o custo da camera
termografica, bem como gastos com sua manutencdo. Outro ponto importante a ser
considerado é que mesmo sendo capaz de fornecer informacdes sobre as condicdes
fisiologicas e fisiopatoldgicas e localizar regibes com lesdes, permitindo apoio no
exame diagnostico, a técnica ndo pode substituir outros procedimentos como o

exame clinico e outros exames complementares de imagem. Além disso, ela é
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incapaz de fornecer informacdes sobre a origem ou a causa da doenca. Portanto, a
termografia usada de forma isolada ndo € util para formulacdo de uma terapia
apropriada (Eddy et al., 2001; Yanmaz e Okumus, 2007).

Para se obter imagens confiaveis, alguns cuidados devem ser tomados no
momento da avaliacao termografica. Para auxiliar na obtencdo dessas imagens uma
diretriz foi criada por membros da Academia Americana de Termologia (AAT) com
instrucdes detalhadas para a obtencdo de um termograma correto (American
Academy of Thermology, 2016). Dentre estes cuidados estdo a limpeza correta da
superficie corporea do animal, devendo estar livre de sujeiras como serragem, fezes,
entre outros. O paciente ndo deve ter contato com nenhum objeto com a parte do
corpo que esta sendo avaliada. Todas as bandagens, mantas ou quaisquer outros
objetos devem ser removidos durante, no minimo, 20 minutos antes do inicio do
exame. Os animais ndo devem ser tocados antes do exame, devendo ser
conduzidos apenas pelo cabresto. Deve ser evitado o uso de qualquer tipo de
material na pele, como pomadas, anti-inflamatoérios tépicos, spray repelente,
medicamentos pour on, e 0s pelos devem estar secos. O examinador deve estar
atento a presenca de qualquer substancia topica ou sistémica vasoativa. Sempre
que possivel, esteroides, agonistas simpaticos e antagonistas, sedativos,
medicamentos vasoativos, devem ser evitados por pelo menos 24 horas antes do
exame, e neuroliticos por trés dias, pois podem causar falsos padrées termogréficos
na circulacdo periférica. Deve-se evitar a manipulacdo esquelética, acupuntura,
massagem terapéutica, o uso de unidades de estimulagdo muscular, ultrassom
terapéutico, ondas de choque, dispositivos de compressao, gelo ou qualquer tipo de
dispositivo terapéutico ou de tratamento. O exercicio intenso deve ser evitado por
pelo menos duas horas antes do exame (American Academy of Thermology, 2016).

O exame deve ser realizado em um ambiente em que, na medida do possivel, a
temperatura do ambiente seja controlada, livre de correntes de ar e onde nao haja
exposicdo a raios infravermelhos, como lampadas incandescentes ou luz solar, que
podem resultar em aquecimento ou artefatos. A sala de imagens deve ser
confortavelmente fria para permitir a dissipagdo de calor. A temperatura ideal do
ambiente deve estar em um intervalo entre 20 e 25°C. No entanto, desde que esteja
abaixo 30° C e a sudorese ndo seja induzida, a imagem térmica pode ser realizada.
Os sistemas de ventilagdo devem ser projetados para evitar fluxo de ar direto no

paciente. Também é importante que o animal seja encaminhado ao local do exame
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15 a 20 minutos antes da avaliacdo, para que ocorra uma adaptacdo climatica ao

ambiente (American Academy of Thermology, 2016).

1.4 Uso da termografia no acompanhamento do sistema musculoesquelético

de cavalos atletas

O emprego da termografia aplicada ao diagndstico de afec¢des locomotoras de
equinos comecou com Turner (1983), que investigou 0 uso da termografia para o
diagnostico de doenca do navicular em equinos. Apds isso, existem trabalhos
referentes a sua utilizacdo na deteccdo de laminite (Turner, 2001), osteoartrites
(Vaden et al., 1980) e diagnésticos de lombalgias (Colles et al., 1995). Nos casos de
lombalgias, a termografia possui grande utilidade no mapeamento das possiveis
lesbes presentes na regido toracolombar devido a dificuldade de acesso as
estruturas anatémicas envolvidas (Henson, 2009).

Além disso, Turner et al. (2001) identificaram a possibilidade de monitorar o
treinamento de cavalos PSI de corrida com o auxilio da termografia, realizando
avaliacOes seriadas durante o periodo de treinamento desses cavalos, e concluiram
que a termografia foi capaz de mostrar alteracdes de temperatura nas estruturas
avaliadas até duas semanas antes do aparecimento clinico.

Seguindo este contexto, Soroko et al. (2014), em um estudo realizado com
cavalos Puro Sangue Arabe (PSA) e cavalos mesticos, constataram que o exame
termografico regular encontrou pontos de aumento de temperatura nos membros
anteriores associadas a sobrecargas de exercicio para a corrida. Isso indica que a
maioria dos cavalos tem maior probabilidade de desenvolver lesGes associadas aos
membros toracicos do que aos membros pélvicos. Em outro estudo, verificou-se que
a temperatura das partes caudal e distal dos membros pélvicos em repouso foi
aumentada por treinamento de longa duracao (Soroko et al., 2015), sugerindo uma
sobrecarga de descanso.

Michelotto et al. (2016) em um estudo com 12 cavalos Puro Sangue Inglés (PSI)
de corrida com acompanhamento termografico durante trés meses de treinamento
(trés meses posteriores ao inicio de treinamento desses animais), concluiram que a
termografia apresentou-se como uma ferramenta preditiva para a doenca dorsal do

metacarpo. Foi identificada a doenca em dois equinos antes mesmo da
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manifestacdo dos sinais clinicos. Desta forma, parece que 0 uso rotineiro da
termografia tem papel importante no cuidado médico veterinario de cavalos de
corrida, principalmente no que tange o diagndstico precoce de lesdes por estresse,
uma vez que esta doenca tem causas importantes na vida atlética destes animais, e

a dificuldade em estabelecer um diagndstico correto.
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar o uso da termografia infravermelha como ferramenta para a
identificacdo das modificacdes do sistema musculoesquelético em cavalos Puro

Sangue Inglés de corrida em inicio de treinamento.

2.2 Objetivos Especificos

- Estudar a termografia como ferramenta de auxilio a interpretacdo de
modificacdes circulatérias na fase inicial da remodelacdo 6ssea e de tecidos moles,
bem como a adaptacdo dessas estruturas ao treinamento para corrida.

- Eleger quais as regibes anatOmicas necessitam de avaliagdbes com maior
intensidade e frequéncia durante o periodo inicial de treinamento, bem como se ha
momentos mais propicios a lesoes;

- Avaliar o uso profilatico da termografia infravermelha para a prevencédo de

afeccdes locomotoras em cavalos de corrida.
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3 HIPOTESES

HO — A termografia infravermelha nao identificara alteracbes locomotoras
decorrentes do exercicio.

H1 — O exame termografico identificara alteracbes locomotoras relacionadas a
adaptacao ao exercicio.

H2 - O exame termogréafico identificar4d, de forma profilatica antes da

manifestacao clinica, afeccdes locomotoras decorrente do treinamento.
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CAPITULO 2

(Artigo cientifico submetido para publicacédo no periodico Preventive Veterinary

Medicine)

Infrared thermography applied to monitoring musculoskeletal adaptation to

training in Thoroughbred race horses

Abstract

Infrared thermography can measure body surfaces temperatures and has been used
to help in lameness diagnosing. Thermography can detect circulatory disorders due
to inflammation weeks before the clinical manifestation. Thus, the authors
hypothesized that it could be a valuable tool in understanding musculoskeletal
adaptation to race training, as well as be a sensitive technique to predict the
occurrence of lesions. This study aimed to evaluate the thermal variation in
musculoskeletal system of young Thoroughbred (TB) horses during their initial
months of race training. Thermographic examinations were performed once every
two weeks on 16 (10 male, six female) TB racehorses between 20 and 23 months of
age (21.7 £ 0.9), from arrival to the racetrack in June 2016, until January 2017, with a
total of 16 evaluations. Thermographic imaging was performed early in the morning,
30 min after the horses were cleaned inside their stable stalls at the same time
(06:00 am), at 1.5 m of distance using a thermal camera (Model E50bx, FLIR
Systems, Sorocaba, Brazil). Thermograms were evaluated using FLIR Tools
software, and temperature (°C) was measured at the dorsal and palmar/plantar
aspects of specific regions of interest, including fetlock, metacarpal and metatarsal
regions, and carpal and tarsal regions. Imaging was also performed on the

thoracolumbar and sacroiliac spine, and in both hips. Initially, temperature increased
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in all anatomical regions throughout the study, with significantly higher temperatures
in the final evaluation compared with the initial one (p < 0.0001). All regions
demonstrated a positive correlation with which other. In addition, there was a
significant difference between the right and left sides during the different training
periods. Four horses exhibited poor musculoskeletal conditions associated with
training; and the thermographic examination before training was able to reveal
significant changes before clinical manifestation. Results of this study demonstrated
that infrared thermography is a non-invasive and sensitive technique that can
improve the understanding of musculoskeletal system adaptations to race training,

and may be used as a predictive tool to anticipate the occurrence of lesions.

Keywords: Adaptation; Diagnosis; Equine; Race horses; Thermography.

Introduction

Research involving Thoroughbred (TB) race horses is currently focused
toward a better understanding of the factors that lead to the high incidence of
musculoskeletal injuries responsible for decreases in performance, training
interruption, and premature disability in the athletic life of these animals (Rogers et
al., 2012). In addition, concerning animal welfare, such injuries are detrimental to the
public perception of horse racing, have emotional and financial consequences, and
compromise the safety of other horses and jockeys (McKee, 1995; Estberg et al.,
1996; Bailey et al., 1997; Boden et al., 2005; Wylie et al., 2017). Therefore, it is
necessary to understand the physiological adaptations of the musculoskeletal system
that occur during race training.

It has been demonstrated that TB racehorses exhibit adaptive failure in their

bone and joint structures. The consequences of this are stress-related diseases that
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develop when intense or excessive training overwhelms the capacity of bones and
joints to adapt, resulting in high-strain cyclic fatigue, which in turn causes excessive
compression of bones and/or joints, which cannot adequately remodel to withstand
such stresses (Nunamaker, 2002; Muir et al., 2008; Whiton et al., 2010). This type of
stress injury is very common and may be present in horses that exhibit no clinical
signs of lameness, or signs of pain and/or lameness but are not properly diagnosed.

Modifications occur early and very subtlely, with virtually no evidence on digital
radiography examinations, suggesting the need for magnetic resonance imaging,
scintigraphy, and computed tomography for identification (Gaschen and Burba,
2012). This, therefore, has prompted the search for methods to easily and reliably
identify the early signs of poor adaptation of the musculoskeletal system of horses to
race training.

In this context, infrared thermography is a technique based on the observation
of changes in the temperature of body surfaces, which can signal circulatory
modifications resulting from an inflammatory process, and is up to 10 times more
sensitive than the human hand (Turner, 2001). Thermography has been described as
a diagnostic technique capable of revealing subclinical changes related to the
tendons and joints of athletic horses, detecting conditions in the early stages by as
much as two weeks before the clinical signs manifest (Stromberg, 1973; Vaden et al.,
1980).

Due to its sensitivity in detecting minor changes in temperature, the role of
thermography in monitoring the musculoskeletal system of race horses during the
race-training routine has been previously demonstrated (Turner et al., 2001; Soroko
et al., 2014; Michelotto et al., 2016). Soroko et al. (2014) demonstrated the reliability

of thermographic follow-up of musculoskeletal modifications that occur in race horses
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during a training program. Michelotto et al. (2016) demonstrated its predictive use for
the detection of dorsal metacarpal disease in two-year-old TB race horses.

The longevity of TB horses depends on a successful first-year campaign as a
race horse, without interruptions caused by lesions (Bowell et al., 2013; Tanner et al.,
2013). However, initiating a training program in a yearling carries a high risk for the
occurrence of musculoskeletal lesions. The musculoskeletal system is the most likely
system to be involved in conditions resulting in training failure in two-year-old TB
racehorses (Hernandez and Hawkins, 2001), causing between 19% and 33% to
leave training/racing < 3 months in the United States (Haynes and Robinson, 1989;
Kobluk et al, 1991; Hill et al., 2001). In Germany, 26% of TB horses leave
training/racing in < nine months (Lindner and Dingerkus, 1993). In the present study,
we hypothesized that infrared thermography can accurately identify modifications in
young TB racehorses initiating training. Musculoskeletal modifications that occur due
to race training in the initial months, as well as in periods in which more important
changes occur, have not been extensively studied. Therefore, the objective of the
present study was to evaluate the use of thermographic examination to investigate
adaptive musculoskeletal modifications in TB race horses during the initial months of
training. Additionally, the predictive value of thermography in anticipating the

occurrence of musculoskeletal lesions was also investigated.

Materials and methods
Animals and ethics approval

Sixteen TB racehorses (10 male, six female) between 20 and 23 months of
age (mean [t standard deviation (SD)] age 21.7 + 0.9 months), belonging to the

same owner and under the training responsibility of the same trainer, were
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investigated at the Jockey Club of Parand, in the city of Curitiba, Brazil. The animals
arrived at the racetrack to begin training in June 2016, and were housed in individual
stalls measuring approximately 3.5 m x 3.5 m x 5.0 m, with bed of sawdust, and fed
a diet consisting of oats, commercial concentrate feed, grass and alfalfa hay, with ad
libitum access to water. All horses were confirmed dewormed by coproparasitological
examination, and were vaccinated for tetanus, influenza, and herpesvirus types 1
and 4.

During the period from June 2016 to January 2017, thermographic evaluations
were performed once every two weeks, always in the morning before training
(between 06:00 and 06:30 am), for a total of 16 evaluations. The group of horses, all
of which were of the same equestrian age, began training at the same time with
homogeneous management and methods. Exclusion criteria were applied throughout
the study and included situations that interrupted training of the animal(s), which
interfered with the continuity of evaluations. As such, only nine of the 16 animals
completed the entire study period due to the occurrence of musculoskeletal injuries,
exportation, or colic surgery. However, data collected from evaluations of four horses
that were withdrawn from the study were included in the analyses to fulfill the
objectives of the research.

The present study was approved by the Ethics Committee on the Use of
Animals of the Pontificia Universidade Catodlica do Parana, registered under number

0951A.

Race training
On arrival to the racetrack, all horses underwent a two-week acclimatization

period, followed by an initial trotting training period (average speed, 5.5 m/s), which
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lasted until approximately the third week of August 2016. From then, gallop training
began at distances ranging from 1600 mm to 2000 m per day at an average speed of
9.5 m/s. By the second week of October, speed training was initiated at speeds
ranging from 13.3 to 15.3 m/s, starting at distances of 200 m and reaching 1000 m by
the end of the study period.

In addition to evaluating the training period in its entirety (defined as
“general”), it was divided into specific segments, including: ‘trot’ (June 20 to August 3,
2016 [four evaluations]); “gallop” (August 17 to September 28, 2016 [four
evaluations]); and “intense” (the start of speed training [October 12, 2016 to Jan 18,

2017]), which encompassed the final eight evaluations.

Thermographic evaluation

Thermographic evaluations were performed once every two weeks in the
morning (always at 06:00 am), with the animals inside their own stall protected from
light and wind, approximately 30 min after they were cleaned and restrained only by
a halter, following the guidelines of the American Academy of Thermology (2016) for
veterinary thermographic research in field conditions. Thermographic recordings of
all horses were acquired at a distance of approximately 1.5 m from the animal using
an infrared camera (Model E50bx, FLIR Systems, Sorocaba, Brazil). The acquired
images comprised the dorsal and palmar/plantar aspects of the forelimbs (including
fetlocks, metacarpal and carpal regions) and hindlimbs (including fetlocks, metatarsal
and tarsal regions), and back region (including the thoracolumbar spine, sacroiliac
regions, and hips), totaling five thermograms per animal in each evaluation.

The FLIR Tools program (FLIR Systems, Sorocaba, Brazil) was used to

evaluate the thermogram data, considering 18 regions of interest (ROIl): dorsal and
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palmar view of the carpal joint; metacarpal and front fetlocks; dorsal and plantar view
of the tarsal joint; metatarsal and hind fetlocks; the midline of the thoracolumbar
spine and both paravertebral muscles; sacroiliac region; and both hips. Except for the
evaluation of the dorsal midline of the thoracolumbar spine and the sacroiliac region,
other ROIs were evaluated on both sides, totaling 30 points of temperature (°C)
measurement per animal in each evaluation.

In the FLIR Tools program, the evaluation of the carpus and tarsus was
performed using a circle with a diameter of 26 mm; the metacarpal and metatarsal
regions were assessed using a line from the proximal to the distal end of the region;
the fetlock region with a circle 20 mm in diameter (Figures 1 and 2); the
thoracolumbar spine and the paravertebral regions were investigated using lines,
while a 14 x 21 mm square was used for the sacroiliac region and hips (Figure 3).
For each investigated region, the mean value of temperature was used, after
adjusting for emissivity of 0.97 um (McCafferty, 2007). In addition, data regarding
ambient temperature and relative humidity were obtained from the official
meteorological service (Simepar, Parana Meteorological System) and were adjusted

in the FLIR Tools system for each image evaluated.
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Figure 1 - Equine forelimb thermograms in the dorsal (left panel) and palmar (right panel) views,
illustrating temperature investigations performed at each point of interest (carpus, metacarpus, and

fetlock).

Figure 2 - Equine hindlimb thermograms in the dorsal (left panel) and plantar (right panel) views,
illustrating temperature investigations performed at each point of interest (tarsus, metatarsus, and

fetlock).
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Figure 3 - Equine back thermogram illustrating temperature investigations performed at each point of

interest (thoracolumbar spine and sacroiliac regions and hips).

Statistical analysis

Initially, data normality was analyzed using the D'Agostino and Pearson test.
The paired Student's t test was used for comparisons between the right and left sides
(homologous contralateral regions). For correlation analysis of all regions, and for the
correlation between the temperature of the horses and the temperature of the
environment, the Pearson correlation test was used. For comparison of the
temperatures of each region in the different training periods, one-way ANOVA
followed by Bonferroni or Tukey test were used according to the Levene variance
homogeneity test. The evaluations were performed for the entire study period (i.e.,
general) and for each training segment (i.e., trot, gallop, and intense), using
commercially available software (Statgraphics Centurion, Warrenton, Virginia, USA);

p < 0.05 was considered to be statistically significant.



32

Results

The study began with 16 horses and concluded with nine due to
musculoskeletal injuries (4/16 [25%]), exportation (2/16 [12.5%]), and one (6.25%)
horse that underwent exploratory laparotomy after an episode of colic.

According to official meteorological service data, the lowest recorded ambient
temperature in the region during the study period at the time of image acquisition was
6.9°C and the highest was 19.2°C (difference, 12.3°C). The minimum relative
humidity was 77.2% and the maximum was 95.5%. There was a strong correlation
between the temperature of the horse and ambient temperature (p < 0.0001; p =
0.987).

Considering homologous regions on the right and left sides, the temperature of
the investigated ROI was significantly higher in the last evaluation compared with the
initial evaluation in all regions analyzed (p < 0.0001) (Table 1). Temperature
variations throughout the study period in the different investigated regions are shown

in Figure 4.
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Table 1 — Temperature (°C) at the first and last evaluations, and variation in each
region of interest, in the thermographic investigation of two-year-old thoroughbred

racehorses in the initial seven months of race training

First Last

Limb Region evaluation evaluation Difference
Dorsal carpus 23.8+1.2 29.6+0.8 5.8
Dorsal metacarpus  23.0+1.8 29.2+1.3 6.2
é Dorsal fetlock 23.3+¥1.3 28.8+1.0 55
T;’ Palmar carpus 23.8+1.50 30.3+0.6 6.5
B Palmar metacarpus 21.4+1.8  27.1+1.3 5.7
Palmar fetlock 22.0+£1.6 27.2+0.9 5.2
Dorsal tarsus 25.0£2,3  32.3x0.7 7.3
Dorsal metatarsus  23.5+2.3  30.2+0.9 6.7
é Dorsal fetlock 225+15 29.2+1.0 6.6
E Plantar tarsus 23.1+0.9  22.8+0.8 5.6
§ Plantar metatarsus  20.6x1.4  27.0+0.7 6.4
Plantar fetlock 21.4+1.1 27.2+0.7 5.8
Paravertebral 241¥1.0 324104 8.3
Hips 22.2+0.7 30.9+0.5 8.6
§ Thoracolumbar
m _ 24.4+1.7 32.6+0.3 8.2
spine
Sacroiliac 23.6+£1.0 31.2+0.3 7.6

Data correspond to the temperature of the right and left sides and are presented as mean +

standard deviation, unless otherwise indicated.
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Figure 4 — Representative plots depicting temperature (°C) variation during the study period, and in
the different training segments (i.e., trot, gallop and intense) at the dorsal aspect of the forelimbs (top
row) and hindlimbs (bottom row), considering the right and left sides together. Data presented as

mean * standard deviation. *Statistically significant difference compared with previous evaluation.

In the correlation analysis, all of the regions investigated were positively and
significantly correlated with one another, revealing that temperature variation was
directly proportional between different musculoskeletal regions.

The mean = SD temperature in the different regions investigated across the
entire study period, and in the different training periods, are shown in Table 2. In
general, the SD of the analyzed regions demonstrated a variation of 2.7°C (2.3 to
3.1°C); however, this variation was different among the training periods. When only
the trot period was analyzed, the mean SD was 9.9°C (8.9 to 11.3°C), decreased to
8.1°C (7.0 to 9.5°C) in the gallop period, and increased to 13.8°C (12.9 to 15.0°C)

during the intense training period.



35

Table 2 - Temperatures (°C) in specific anatomical regions of two-year-old
thoroughbred racehorses, measured using thermographic examination during the

initial seven months of race training

General Trot Gallop Intense
Anatomical region Left Right Left Right Left Right Left Right
Dorsal carpus 26.6+2.4 26.7+2.3 24.0£9.9 24.2+10 26.3x7.9 26.4+7.9 28.3+13.6 28.4%13.6

Dorsal metacarpus 254429 255+2.8 22.849.5 23.0+9.7 24.7+7.5 24.8+7.5 27.6+x13.4 27.5+13.3
Dorsal fetlock (forelimb) 25.5+2.5 25.6+2.5 23.319.6 23.3+9.6 25.0+7.6 25.2+7.6 27.2+13.1 27.3+13.2
Palmar carpus 28.242.6 28.2+2.5 25.2+10.4 25.4+10.5 27.849.4 27.9+9.4 30.2+14.5 30.1+14.5
Palmar metacarpus 25.443.1 25.2+3.0 22.0£9.1 22.0+9.2 24.948.4 24.8+8.4 27.8+13.4 27.6+13.6
Palmar fetlock 25.6£2.6 25.4+2.6 22.7£9.4 22.6%9.3 25.349.0 25.0+8.8 27.5+13.3 27.5+13.4
Dorsal tarsus 29.8+2.3 29.9+2.3 27.3x11.2 27.4+11.3 29.949.5 30.1+9.5 31.3+14.9 31.4+15.0
Dorsal metatarsus 26.7£2.8 26.8+2.9 24.2+10.1 24.4+10.2 26.1+8.4 26.3+8.5 28.6+13.7 28.7+13.8
Dorsal fetlock (hindlimb) 26.0+2.5 26.1+2.5 23.6£9.8 23.849.9 25.4+8.1 25.748.2 27.7+13.3 27.8+13.3
Plantar tarsus 27.0£2.5 27.0£2.6 24.5£10.2 24.5£10.2 26.5+7.9 26.7+8.5 28.9+13.8 28.6+13.7

Plantar metatarsus 24.4+3.1 24.5+3.0 21.3+8.9 21.4+9.0 23.7+7.2 23.8+7.2 26.8+12.9 26.8+12.9

Plantar fetlock 249+2.6 25.1+2.6 22.1+9.2 22.3+9.2 24.4+7.8 24.6+7.3 26.8+12.9 27.0+13.0

Paravertebral 28.7£2.8 28.9+2.7 25.5+10.5 25.6+£10.5 27.9+7.6 28.4+7.7 31.1+14.9 31.2+14.9

Hip 26.6£3.1 26.6£3.1 23.2+9.6 23.1+9.6 25.6x7.0 25.7+7.0 29.4+14.1 29.4+14.1
Thoracolumbar spine 29.1+2.6 26.2+10.8 28.5+£7.8 31.4+15.0
Sacroiliac 27.5%£2.7 24.6+10.1 26.5+7.2 30.0+£14.4

Data presented as mean + standard deviation across the entire study period (General) and the

different periods of training (Trot, Gallop, and Intense).

Comparison between right and left homologous regions during the general
period and specific phases of race training revealed that some regions demonstrated

significant differences at particular times (Table 3).
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Table 3 - Regions of interest exhibiting statistical differences in comparisons of
temperature (°C) between the right and left sides, for the entire study period (general)
and the different training phases (i.e., trot, gallop and intense) in a group of two-year-

old thoroughbred racehorses during the initial seven months of race training

Training Left

Limb Region View period side Right side p
Carpus Dorsal General 26.6x2.4  26.7+2.3 0.048

2]

% Fetlock Palmar  General 25.6x2.6 25.4+2.6 0.014

E Fetlock Palmar Gallop 25.3+9.0 25.0+8.8 0.004
Tarsus Dorsal General 29.8#2.3 29.9+2.3 0.048
Tarsus Dorsal Intense  31.3+14.9 31.4+15.0 0.031
Fetlock Dorsal General 26.0£2.5 26.1¥2.5 0.005

2]

g Fetlock Dorsal Gallop 25.4+8.1 25.7%#8.2 0.009

'rIE Tarsus Plantar Intense  28.9+13.8 28.6+13.7 0.024
Fetlock Plantar ~ General 24.9+2.6 25.1+2.6 0.0001
Fetlock Plantar Intense  26.8£12.9 27.0+13.0 0.0004

o Paravertebral Dorsal General 28.7+2.8 28.9%2.7 0.003

c% Paravertebral Dorsal Gallop 27.9+7.6  28.4+7.7 0.004

Data presented as mean + standard deviation.

Temperature data from the four horses withdrawn from the study due to

orthopedic problems are shown in Table 4.
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Table 4 - Temperature (°C) of the regions of interest* in the thermographic evaluation of four two-year-old thoroughbred racehorses

before withdrawal from race training and from the study due to musculoskeletal problems

Evaluation Horse LDMc RDMc LDFF RDFF LPMc RPMc LDMt RDMt LDFH RDFH LPMt RPMt LTS RTD

Training in

previous weeks

Reason for injury

7 16 232 218 24 236 265 261 26.0 247 255 244 242 250 27.8 289
8 3 212 229 205 219 227 252 242 226 232 237 207 220 268 275
10 1 275 274 268 278 288 287 286 286 268 277 271 273 306 31.0
14 13 293 284 279 270 296 291 290 288 286 274 272 266 316 309

Gallop

Gallop

400 and 600 m
intense

600 m intense

Splint right second metacarpus
metacarpal disease right
forelimb

Metacarpal disease right
forelimb

Metacarpal disease left forelimb

Temperatures of the last thermographic evaluation, the training period in which the animal was at the moment of exclusion and the reason for the exclusion.

Differences in temperature > 1°C between homologous regions are shown in bold type.

*LDMc: Left dorsal metacarpus; RDMc: Right dorsal metacarpus; LDFF: Left dorsal fetlock forelimbs; RDFF: Right dorsal fetlock forelimbs; LPMc: Left palmar

metacarpus; RPMc: Right palmar metacarpus; LDMt: Left dorsal metatarsus; RDMt: Right dorsal metatarsus; LDFH: Left dorsal fetlock hindlimbs; RDFH:

Right dorsal fetlock hindlimbs; LPMt: Left plantar metatarsus; RPMt: Right plantar metatarsus; LTS: Left thoracolumbar spine; RTS: Right thoracolumbar

spine.
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Discussion

The present study investigated a group of TB racehorses with the aim of
understanding modifications in areas of the musculoskeletal system resulting
from adaptation to race training in the initial months of training. Infrared
thermography was used previously in a similar study by Turner et al. (2001),
who weekly evaluated a group of TB horses in training for racing for 10 weeks.
Soroko et al. (2014) investigated a group of horses including TB, Arabian and
Polish half-breed horses, and performed thermographic evaluations every 30
days for 10 months. Finally, Michelotto et al. (2016) evaluated the metacarpal
and metatarsal regions of two-year-old TB racehorses for 3 months during race
training. In all of these studies, the horses were already in the midst of race
training when the investigation started, differing from the present study, which
investigated a group comprising only TB racehorses that were examined using
thermographic evaluations every two weeks, and initiated training together.

The reduction in the number of animals throughout the present study was
inevitable, and is inherent in this type of investigation in which horses are
evaluated in real-world training situations. Thus, concurring with other studies,
musculoskeletal lesions can be expected to be the most frequent reason for
training interruption. In England, 20% of horses experienced serious
musculoskeletal problems that prevented them from returning to race training
(Jeffcott et al., 1982). In the United States, between 19% and 33% of
racehorses were reported to leave training approximately in the third month
(Haynes and Robinson, 1989; Kobluk et al., 1991; Hill et al., 2001), and 26% in

the ninth month in Germany (Lindner and Dingerkus, 1993).
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The four horses that were withdrawn from the present study due to
musculoskeletal problems represented 25% of the initial sample, a reduction
similar to that reported in the studies mentioned above. The problems were
related to the metacarpal region, which is among the most frequent in TB
racehorses in the first year of training (Bailey et al., 1998; Nunamaker, 2002).
Three of these occurrences were between the third and fourth month of training,
emphasizing the importance of careful and preventive clinical observation
during the initial training period(s). All of the animals that were withdrawn from
the present study exhibited important alterations in the evaluations before the
appearance of clinical signs, such as temperature differences between the right
and left limbs, and also in regions different from those responsible for
withdrawal, thus demonstrating the interdependence between and among
structures of the musculoskeletal system. These results confirmed one of the
hypotheses of the present study, demonstrating that thermography is a tool that
can be used for predictive diagnosis of injuries in racehorses during race
training. It is evidence that veterinarians responsible for the care of racehorses
need to be aware of to mitigate risks for musculoskeletal injuries in the
adaptation period, despite the lighter effort compared with periods of intense
training or racing.

The horses in the present study exhibited temperature increases in the
ROIs throughout the study period; however, this did not occur in a linear
fashion, and varied throughout the training period. For this, thermography
revealed itself to be a sensitive tool able to identify modifications provoked by
musculoskeletal adaptation during race preparation. As a non-invasive and

quick procedure, thermography may be an important auxiliary tool for the
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veterinarian as a screening investigation to provide accurate and sensitive
information, as well as for the early identification of possible injuries.

All ROIs revealed an increase in temperatures at the last evaluation
compared with those at the beginning of the study. This was also observed by
Soroko et al. (2014 and 2017), who reported an increase in temperature in the
back and distal portions of the limbs throughout the duration of race training.
Infrared thermography can be used to measure body surface temperatures, and
changes associated with the autonomic nervous and circulatory systems,
physiological or arising from inflammatory processes (McCafferty, 2007).
Considering the temperature variations in the ROIs in the study period in all
animals, temperature variations occur independently and in a similar fashion,
suggesting a process of physiological adaptation to training, with higher
recruitment of peripheral blood vessels occurring in all regions and in a similar
manner. However, this increase did not occur linearly throughout the training
period. From the eighth to the last evaluation, there was a more gradual
increase in the temperature of all regions compared with variations observed in
the trot and gallop phases. There were two significant decreases in
temperature, the most pronounced was in the third evaluation, which also
occurred at the time of the lowest ambient temperature of the study (6.9°C),
8.5°C less than the previous evaluation and 3.5°C less than the next. Whether
ambient temperature influenced the assessment of the ROIs is uncertain.
Climatic influence cannot be ruled out because it was significantly correlated
with the temperatures in the ROIs; this influence was also reported previously
(Soroko et al., 2017). However, the seventh evaluation, which also revealed a

significant decrease in temperature in the investigated regions, recorded the
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same climatic temperature as the subsequent evaluation, and only 2°C less
than the previous evaluation. In fact, the evaluation of athletes in real-world
situations does not enable the complete control of variables—such as the
influence of ambient temperature—that is possible under laboratory conditions.
Additionally, the ambient temperatures recorded in this study were provided by
the official meteorological service and were not measured inside each stall at
the time of evaluation. Nevertheless, another study that measured temperatures
inside the stalls reported differences of up to 20°C throughout the research
period (Soroko et al., 2017). In our study, the largest difference between the first
and final evaluations was 12.3°C. If temperature recordings were performed
inside the stalls, the variation could have been even smaller. However, climatic
variation appears to be inherent in such real-world studies, despite the
adherence to guidelines from the American Academy of Thermology (2016),
and using a protocol similar to other studies (Turner et al., 2001; Soroko et al.,
2014; Michelotto et al., 2016; Soroko et al., 2017).

In the evaluation of a horse thermogram, symmetry is important, and
homologous contralateral regions must not exhibit differences > 1°C (Turner,
1991) or 1.25°C (Soroko et al.,, 2013); differences larger than these are
considered to be problematic. However, this is still to be further investigated and
more clearly demonstrated, as in the study by Soroko et al. (2013), in which
clinical conditions were not identified, even in horses with temperature
differences between homologous contralateral regions. In the present study, the
average temperature differences in the investigated regions were < 1°C.

Significant differences > 1°C, however, were recorded between

homologous right and left regions in specific phases of training. For the four
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withdrawn horses, the differences emerged when training progressed from trot
to gallop in two, and intense training in the other two, and were all in the
metacarpal region. In another study, comparing the occurrence of changes in
the third metacarpal bone with the training phase, significant changes in
temperatures occurred when the velocity was increased from a trot (5.5 m/s) to
an intense gallop (16.6 m/s) (Boston and Nunamaker, 2000).

In the present study, anatomical regions that exhibited temperature
differences in the early phases of training, but without clinical manifestation,
included the fore and hind fetlocks, as well as the paravertebral region. The
metacarpophalangeal joints are one of the most prevalent regions involved in
racetrack injuries (Muir et al, 2008) because both fore and hindlimb fetlocks
undergo major adaptive changes during race training (Gaschen and Burba,
2012). These changes are due to sclerosis in the palmar or plantar region of the
third metacarpal and metatarsal bones (Gaschen and Burba, 2012), resulting in
predisposition to injury, due to loss of impact-damping capacity, or even fracture
(Whitton et al., 2010; Holmes et al., 2014). These bone modifications are very
subtle and virtually undetectable in digital radiography examinations,
necessitating magnetic resonance imaging and scintigraphy, and computed
tomography for possible diagnoses (Gaschen and Burba, 2012). This
emphasizes the role of thermographic examination, not only in a lameness
examination, but during the entire training period. Thermography can alert
veterinarians to signs that should prompt a more thorough clinical investigation
due to detection of temperature differences and asymmetry among the different

musculoskeletal regions.
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In addition to the fetlocks, carpus and tarsus, other regions also exhibited
early asymmetry in temperature, demanding special attention because these
are also regions prone to injuries in racehorses during the adaptive training
period (Stover, 2003).

Finally, the thoracolumbar region exhibited significant temperature
differences compared with the right and left paravertebral regions when the
horses started the gallop phase of training. The dorsal column is also an
important location of injuries in racehorses, which are often underdiagnosed
due to the difficulty of performing imaging tests (Haussler, 2007). In England, of
20% of lameness cases in racehorses, 4.35% were related to low-back pain
(Landman et al., 2004). Changes in the dorsal column have been described by
Tunley and Henson (2004), and Turner et al. (2004) using thermography
examination. In addition, the fact that the differences are significant after
training intensification is likely associated with orthopedic imbalance, given that
the dorsal column plays a central role in maintaining body balance. It has been
shown that many animals exhibit alterations in the joints of the hindlimbs
because of back pain resulting from overloading exerted on the hindlimbs and
the transfer of support to relieve pain in the back (Turner et al., 2004).

Collectively, this information highlights the interdependence among
orthopedic regions in a racehorse. In the present study, all regions
demonstrated a significant positive correlation with temperature, which was
stronger in the trotting period. However, because horses do not respond or
evolve to training in a homogeneous manner, changes appeared and were most
pronounced when they started galloping and began speed exercises. Although

specific region(s) can be the most affected, others are interrelated and may also
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suffer, thus demanding from the veterinarian this understanding, and a
complete and careful investigation. Regarding musculoskeletal injuries in TB
racehorses, the term "spontaneous" could not be more misleading for most
injuries, especially fractures. Rather, they are the culmination of a series of
events that generally follow a characteristic and predictable course.
Understanding adaptation processes and, especially, knowledge of the time
necessary for this adaptation for each individual during the training period, can

reduce the risk for injuries in racehorses.

Conclusions

Routine thermographic examination performed on TB horses during race
training accurately revealed changes in the musculoskeletal system caused by
training adaptation and identified regions that are more prone to early injury,
thus demonstrating its sensitivity and predictive potential as a diagnostic
modality. Studies aimed at further optimizing protocols for thermographic
prediction and prevention of musculoskeletal conditions in TB racehorses are

warranted.
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CAPITULO 3
CONSIDERACOES FINAIS

A termografia, se realizada com avaliagbes periddicas durante as
diferentes fases de treinamento em cavalos de corrida, pode funcionar como
uma ferramenta de alarme para o médico veterinario, apontando regifées mais
propensas ao aparecimento de lesdes, e indicando quais periodos de
treinamento esses animais necessitam de maior cuidado e atencdo. No
presente estudo as regides que demonstraram ser mais afetadas por lesbes
foram o0s boletos e metacarpos, e 0 periodo que mais demonstrou
aparecimento de lesfes foi quando 0s animais passam a treinar no galope.
Além disso, esta técnica demonstrou ser sensivel para deteccéo de alteracbes
subclinicas, podendo, portanto ser uma ferramenta til para diagnostico
preditivo de lesdes em cavalos PSI de corrida. As sugestbes para trabalhos
futuros sé@o estudar um intervalo de confianca de temperatura para cada regido
de interesse e otimizar um protocolo de uso da termografia em cavalos de

esporte para a prevencao de lesdes.
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