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RESUMO
Dissertacao de Mestrado
Programa de Pos-Graduacdo em Zootecnia
Universidade do Estado de Santa Catarina

AVALIACAO DE METODOLOGIAS PARA A BIOMETRIA EQUINA

AUTOR: Moisés Rodrigues dos Santos
ORIENTADOR: Diego de Cordova Cucco
Chapecd, 23 de fevereiro de 2017

Os equinos diferentes de outras espécies de relavamotécnica despertam interesse devido
a sua capacidade motora, 0 que garante a finalidadtes animais na area esportiva ou de
trabalho. Em razdo a esta atribuicdo, as dimensda®porcdes corporais sao de extrema
importdncia na selecdo e criacdo de cavalos. Asctafrsticas morfolégicas como
comprimento, altura, largura e medidas angularedempo influenciar na qualidade de
movimento e estrutura fisica do animal, no entaggoalmente estas medidas sao dificeis de
serem coletadas em quantidade e com qualidademAeste trabalho, teve como objetivo
correlacionar dados biométricos equinos obtidoa f#inica de fotogrametria com auxilio do
softwarelmage®, com o método tradicional de mensuragdo corp@ghropdsito consistiu
em utilizar a fotogrametria juntamente com o sofeMeomo um meio substituto ao método
convencional de mensuracao e desta forma rediempo e riscos na verificacdo de medidas
métricas e angulares em equinos. Foram realiza@l@44 medidas biométricas, em vinte e
quatro equinos adultos, as mensuracdes corporagnfoealizadas por trés avaliadores
treinados, cada um realizou quatro repeticdes aaalc em momentos alternados. Os dados
foram coletados a partir de 19 medidas biométiitasvo e capturadas imagens fotograficas
de cada animal, com o proposito de realizar meg8agnestes mesmos pontos anatémicos,
por meio dosoftwarelmageJ®. Posteriormente foi avaliada a correlad@ dados obtidos
através dos dois métodos bem como demais parameamas verificar a eficiéncia das
técnicas. Os resultados deste trabalho demonstrguencorrelacdes entre mensuracdes
biométricas e técnica de fotogrametria, apresamtaata correlacdo para oito medidas
métricas com valores entre (0,82 e 0,95), quatrdicias apresentaram valores de correlagédo
moderada (0,58 a 0,74). As medidas angulareseaapegam as maiores diferencas, as quais
variaram entre fraca a forte (0,29 a 0,81). As duatodologias utilizadas apresentaram
baixos valores de coeficiente de variacdo (CV%)jue indica a alta repetitividade na
obtencdo das medidas pelos avaliadores. Estesagissilindicam que a analise de imagens,
guando adequadamente coletadas e avaliadas podemnaefortes auxiliares na formacéo
de bancos de dados morfoldgicos para o melhorangemigtico de equinos.

Palavras-chave cavalos, conformacéo, morfologia



ABSTRACT
Master's Dissertation
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EVALUATION OF METHODOLOGIES FOR EQUINE BIOMETRY

AUTHOR: Moisés Rodrigues dos Santos
ADVISER: Diego de Cordova Cucco
Chapecd, February 23, 2017

Equines, different from other livestock speciepuae interest due to their motor skills, with
the purpose of working or sporting animal. For ttegtson, body dimensions and proportions
are extremely important in horse selection and dingg and morphological traits such as
length, height, width and angular measurements imfyence the quality of movement and
physical structure of the animal. However, thesasuees are generally difficult to collect in
guantity and quality. Therefore, this study aimeddrrelate equine biometric data obtained
by the photogrammetry technique with Imayedftware using the traditional method of
body measurement. The aim was to use the photogeamymith the software as a substitute
for the conventional method of measurement to redumse and the risks in obtaining metric
and angular measurements in horses. 10.944 bianme&asurements were performed on 24
adult horses. Body measurements was realized lpg thained evaluators, each performing
four replicates per horse. The data were collettaoh 19 biometric measuremerits vivo
and images of each animal were photographed inr acdeerform measurements in these
same anatomical points using the software. Subséiguéne correlation of the data obtained
through the two methods was evaluated as welltzer glarameters to verify the efficiency of
the methods. The results of this study demonstrétat correlations between biometric
measurements and photogrammetry technique were foigleight metric measurements,
ranging from (0.82 and 0.95). Four measurement® wesderately correlated, ranging from
(0.58 at 0.74). The angular measurements showedrdatest differences, varying between
weak to strong (0.29 at 0.81). The two methodokgised presented low coefficient of
variation, which indicates the high repeatability obtaining the measurements by the
evaluators. Hence, the image analysis, when prppelected and evaluated, can be a strong
auxiliary in the formation of morphological databagor the genetic improvement of horses.

Keywords: horses, conformation, morphology
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1 CAPITULOI

REVISAO DE LITERATURA

2  INTRODUCAO

Para a humanidade os equinos passaram a ter re@ke@gpartir de sua domesticacao, que
segundo Hontang (1989), ocorreu ha aproximadanteb®® anos, com isso diferentes povos
tornaram-se eximios cavaleiros e estes animaisu@assa auxiliar em batalhas, expedicdes e
na agricultura. S&o considerados por muitos comainmbolo de forca, beleza e resisténcia,
desta forma os cavalos sdo coadjuvantes na tiajekdiser humano.

Diferentes civilizagbes desenvolveram admiracdogpetiuinos, a mitologia grega retrata
esse fascinio simbolizado pelos centauros, crigigua reuniam a sabedoria humana e a forca
dos cavalos aliada a bondade, a ponto de entredagdois seres em apenas uma criatura. E
através de suas crencas 0s gregos, retratararmtocuastrutura corporal destes animais era
essencial para exemplificar a capacidade fisicateD®rma, as propor¢des corporais foram
atributos considerados por diferentes povos durargelecédo de cavalos em suas manadas,
onde a escolha dos animais para a reproducdo aizata através de simetria e silhuetas
observadas na estrutura fisica dos equinos.

As caracteristicas corporais sdo selecionadas méiagdo do exterior por serem
relativamente faceis de avaliar, quando ha umalexteeacuidade visual e treinamento do
avaliador ou criador. Mas a proporcionalidade caapoecessita de estimativas métricas, que
nao sao caracteristicas faceis de aferir. Uma uezag proporcdes corporais sdo baseadas no
conjunto de diferentes regides anatdmicas e a aelape existe entre estas medidas
(RIBEIRO, 1988).

Os equinos tém seu valor econdbmico baseado emohalmade motora, onde a
dindmica de movimentos corporais demonstra a \visale do animal em realizar
determinadas tarefas ou finalidade esportiva. Déstaa o compreendimento sobre a
dimensédo das regides anatbmicas dos cavalos, @daipdivel para o desenvolvimento de
programas de melhoramento genético, uma vez querocmscao corporal esta associada ao
aspecto funcional destes animais, bem como nadsel@e equinos para manter o padréo

morfolégico de diferentes racas e suas especitiesla
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3  CONFORMACAO EQUINA

Os primeiros estudos documentados sobre parammeimd®meétricos foram realizados
por Leonardo da Vinci no século XV e posteriormeptdo advogado francés Claude
Bourgelat no século XVIII (MARCENAC; AUBLET; D’AUTHEVILLE, 1990). Bourgelat
foi um dos precursores no estudo da anatomia ecaindemonstrar para o rei Luis XV que a
conformacdo e saude influenciavam no desempenhacal@dos, e que por sua vez eram
necessarios em um exercito com uma cavalaria pealer®d partir destes entusiastas a
morfologia equina passou a ser compreendida péteiai.

Os meios cientificos melhoraram quanto as técnitdigadas em diferentes estudos,
porém algumas areas de investigacdo ainda encosgaitmitadas. O julgamento
morfologico de um cavalo, geralmente € baseadoahecimentos praticos e empiricos dos
avaliadores e como este tipo de andlise é subjei@douma tendéncia na imprecisdo do
método (GODOI et al., 2015). Por ser uma técnigeeddente do censo critico humano, esta
pode ser tendenciosa devido a predilecdo dos dwadia por determinadas caracteristicas
morfologicas. Outro aspecto a ser consideradoadta rfia unificacdo de critérios avaliados,
uma vez que as caracteristicas fenotipicas devemnséisadas de forma correlacionada, o
gue acarreta em dificuldade em determinar quaisdefeitos ou qualidades deve ser
evidenciado ou penalizado no momento de analisacawalo. Fato que pode subestimar as
caracteristicas morfolégicas de um individuo, odeééerminadas regibes anatdémicas sao
qualificadas de forma mais criteriosa por um adalia quando comparadas a outras
caracteristicas que sao subjugadas.

Existe grande interesse na conformacdo, como iddicde desempenho e qualidade
corporal em equinos, principalmente por serem bteniaticas faceis de avaliar. Doucet
(2007), ressalta que a avaliacdo de conformacamagealizada através de julgamentos, é
um método semi-quantitativo e de repetibilidadepmadutibilidade baixa, tratando-se de um
meio justo, porém pouco verdadeiro para analiséatdgica.

A proporcéo corporal é determinada por difereni@sep do corpo e estas definem o
equilibrio e a simetria deste individuo e indicamass caracteristicas morfoldgicas
(DONOFRE et al., 2014). Com base nestas evidésahade et al. (2015) demonstraram que
o padrao morfolégico de um cavalo define a suangda, de acordo com sua conformacao.
Desta forma as propor¢des corporais sao fundansemaaexecucdo de movimentos, uma vez

que um animal de boa conformacao corporal ten@e anta capacidade motora equilibrada,
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sem sobrecarregar diferentes regides anatdmicagjoda compensacdo de esfor¢co, o que
favorece a este equino suportar melhor os estrésgsxs (SANTIAGO, 2013).

As relacdes entre conformacdo e medidas objetivasaln um cavalo de simetria
equilibrada, onde o arranjo anatdmico dos muscel@ssos esta relacionado as medidas
anatdbmicas e proporcoes de regides corporais, & afitnensfes fisicas influenciam
diretamente na dindmica de movimentos realizadosimoequino. Para entender a harmonia
morfologica, Marcenac; Aublet; D’autheville (19906jtam a fegra de Bougeldtbaseada em
regides do corpo equino atraves de propor¢cdesmAssmo o Sistema Eclético de Proporcdes
de Lesbre do ano de 1930, metodologia que a mhrtcomprimento de cabeca determina
relacdes de estrutura fisica para cavalos medadide sela TORRES; JARDIM (1981). Isto
demostra a influéncia deste assunto em diferergiesi@s sobre morfologia equina, sendo

muito utilizada para distinguir cavalos de acordmcseus atributos corporais.

3.1 Mensuragao

As técnicas de mensuracfes de regides corporaisamioris sdo conhecidas como
biometria, zoometria e morfometria. Desta formde és um dos métodos mais antigos na
selecdo de animais de interesse zootécnico devalas propor¢gdes corporais. Amplamente
utilizados por associa¢cdes de ragas para definipadrao racial em sewtudbooks bem
como uma ferramenta para estudos morfologicos @erdmadas populacdes ou linhagens.

Os métodos de mensuracdes biométricas apresergaitades objetivos, desta forma é
possivel a formacdo de bancos de dados com inclicpsrais, além de estimar parametros
genéticos, como a herdabilidade e correlacdes igaséle caracteristicas morfologicas, que
sdo imprescindiveis para o melhoramento genéticoneqA funcionalidade equina esta
relacionada a sua morfologia corporal, desta forag medidas anatémicas como
comprimento corporal, altura de cernelha, medidagulares e diferentes perimetros e
larguras, sdo essenciais para compreender a dm@®ilbcomocéo de um cavalo (PINTO et
al.,, 2005). A convencao de distancias e angulosuemsistema numérico diminui a
imparcialidade de avaliacées da constituicéo fid@saequinos.

Para eliminar a subjetividade na andlise fisicareguMarcenac; Aublet; D’autheville
(1990), apresentaram uma variedade de instrumentosuais comumente utilizados na
realizacdo de medidas corporais de forma simplEs, ¢como hipémetro, fita métrica,
artrogoniometro e balanca. Estas ferramentas parmi realizacdo de medidas corporais

relativamente confiaveis e proximas das dimenséas (MAGNUSSON; THAFVELIN,
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1990). No entanto, estes equipamentos necessd#amtikzados de forma correta e estarem
calibrados. O manuseio rapido de todos estes msfritos para atender um cavalo em um
tempo minimo e com maxima confianca, ndo é facja doi relatado ha muito tempo
(LANGLOIS et al., 1978). Assim, isto limita sualizticdo por pessoas com um minimo de
conhecimento técnico e treinamento a respeito dmetria equina.

Para que néo existam variagOes de posicéo corfpona et al. (2005), detalhou que as
mensuracfes devem ser realizadas com os equinosstagéo forcada. Isto €, membros,
anterior e posterior, na perpendicular sobre uno g$ano, com o formato de um
paralelogramo retangular, de modo que, vistos di#,meus membros, para cada bipede, se
encobrem, e vistos de frente ou de tras, estaeniaal e igualmente apoiados sobre um piso
nivelado.

Aspectos sobre o comportamento equino diante dsmassambém podem influenciar na
avaliacdo. Curtis et al. (2010), ressaltam que aslos devem ser mensurados pelo lado
esquerdo, por serem mais acostumados com a predemtservador neste sentido, evitando
assim mudancas de postura ao serem abordados padpsl Este contato direto com o
animal, € um dos maiores inconvenientes na redlizde biometrias, desta forma tanto os
avaliadores quanto os equinos estao sujeitos asristevido ao processo de contencéo e
manipulagdo. A submissédo do animal ao estresseet@m uma movimentacdo continua o
gque tende a aumentar a margem de erros na tomadadigas corporais (GAUDIOSO et al.,
2014), além de aumentar o tempo na realizacaogieat®lhos junto aos animais.

Por razdes praticas, as medidas angulares saaemadis de dificil mensuracao, devido
a possibilidade de variacdo da posicdo do equitie &% mensuracdes. Uma vez que sao
realizadas em sequéncia, 0 que intenta a aumentargem de erro para estas medidas,
devido ao ajuste angular do artrogonidmetro erdtaaima das mensuracdes. Godoi (2012)
relata que entre as caracteristicas mensuravesgemos, as medidas angulares sdo as que
apresentam maiores dificuldades, devido a faltesteumentos especificos para a realizagéo
de tal procedimento ou pela auséncia de profiss@pdaos para tal tarefa.

Para a execucdo de medidas lineares, o hipdmetriitae métrica sao instrumentos mais
utilizados, porém Salazar-Vidal et al. (2012) rdasa que estes equipamentos sdo de
emprego demorado e pouco repetitivo. Estes mesmnosea, salientam que o hipémetro
exige a necessidade de estar nivelado entre asimedss, 0 que por sua vez pode aumentar
a margem de erro ao utiliza-los. Apesar de a fiésrigca ser um instrumento simples e barato
para a realizacdo de medidas lineares Torres;ndgdd81) afirmaram que esta ferramenta

nao apresenta boa preciséo, desta forma sdo neagséanicas que minimizem a imprecisao
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humana na realizacdo de medidas biométricas enm@sjutom 0 objetivo de aumentar a
acuracia destes métodos biométricos.

Diante destes fatos Doucet (2007), relata a netzdsi de técnicas de mensuracao
corporal, que permitam tomar medidas com maioriggiece um menor tempo de avalicao,
além de possibilitar o0 armazenamento dos dados gadhses subsequentes. Mcllwraith;
Anderson; Sanschi (2003) propdem um método deamali a partir de imagens digitais ao
utilizar o programa computacional NIH (desenvolvigielo Instituto Nacional de Saude do
EUA) para a realizacdo de analises lineares e arggulem cavalos de corrida. Esta
metodologia permite o0 minimo de contato com os argmo que facilita pesquisas com
animais indéceis ou que ndo passaram por proce&sdema, outra vantagem apresentada
por esta técnica € a facilidade de transporte d@aamentos no campo. Lage et al. (2009),
mencionam que ainda sdo poucos o0s estudos sobmeasfoalternativas de avaliacao
morfométrica em equinos e demonstram que existenaadda por estudos sobre novas

tecnologias na realizacdo de medidas corporaisn@mass.

3.2 Medidas biométricas utilizadas em equinos

Para ndo existir incoeréncia na avaliacdo de ceafatitas métricas e angulares em
equinos, Magnusson; Thafvelin (199Btalharam a importancia de ter pontos de refeménci
ao analisar particularidades de conformacao enmegubem como os critérios utilizados na
escolha destes marcos de orientacdo. Principalnpamteserem locais de facil palpacéo e
préximos de extremidades 6sseas, 0 que permiterdete distancias entre 0ssos e realizar
medidas angulares de articulagdes. Diferentes pdrésnlineares e angulares comumente
utilizados em avaliacbes morfométricas equinasufigid) estdo citados abaixo segundo as
metodologias de Torres; Jardim (1981), Cabral.€R804), Pinto et al. (2008) e Godoi et al.
(2015).

3.2.1 Medidas de altura

1. Altura na cernelha medida realizada de forma vertical, a partipdoto mais alto da
secao interescapular, delimitada entre as extrelegdivres do processo espinhoso da 52 e 62
vértebras toracicas, de forma que siga até o solo;

2. Altura na garupa— medida realizada de forma vertical, a partipdato mais alto da

garupa, desde a tuberosidade sacral, de formagpiaté o solo;
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3. Altura do costado— medida realizada de forma vertical, delimitadares as
extremidades livres do processo espinhoso daS¥érigbras toracicas, de forma que siga até
0 externo;

4. Altura de codilho— mensuracao realizada de forma vertical, a pddivértice do

olécrano de maneira que siga até o solo.

3.2.2 Medidas de comprimento

1. Comprimento de corpe medida de distancia entre a face cranial dor¢ub® maior
do Umero direcionando-se até a tuberosidade iscpida pelve;

2. Comprimento de cabeca medida de distancia entre a porcdo cranial dadar
incisiva inferior e a extremidade proximal do oesoipital,

3. Comprimento de pescoeomedida de distancia entre a porgéo cranial liteeal da
asa do atlas e a borda cranial da escapula;

4. Comprimento dorso-lombe mensuracdo de distancia realizada entre amnagtdes
dos processos espinhosos da vértebra toracical 98eea porcao da tuberosidade sacral;

5. Comprimento de escaputamedida de comprimento entre a borda da cartiage
escapula e o angulo distal da escapula ou centadidalacdo escapulo-umeral;

6. Comprimento lombo-cauda mensuracdo de distancia realizada entre a tsidacde

sacral as extremidades dos processos espinhoseéstelara coccigea T15;

3.2.3 Medidas de largura

1. Largura de cabeca medida entre as extremidades supraorbital aieeésquerda;

2. Largura de peito— medida entre as extremidades latedas articulacdes escapulo
umerais direitas e esquerdas;

3. Largura de anca- medida entre os segmentos latedaiguberosidade iliaca direita e

esquerda;
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3.24 Medidas de perimetro

1. Perimetro toracice- mensuracéo do perimetro entre os processoshesps T8 e T9,
gue segue entre a 82 e 92 costelas pelo espagmstéd, até a articulagdo da dltima costela
com processo xifoide;

2. Perimetro do antebragce- mensuracdo do perimetro medido na secdo med@na d
antebraco direito, composta pelos 0ssos radioa uln

3. Perimetro do joelho- medida de perimetro aferido na secdo medianaoelhg
direito, composta pelos 0ssos carpianos;

4. Perimetro da canela- medida de perimetro realizado na se¢cdo mediagaskns
metacarpicos Il, 111, IV, do membro anterior digit

5. Perimetro de bolete medida de perimetro realizado na regidao medianzotkto, do

membro anterior direito;

3.25 Medidas angulares

1. Angulo escapulo-sole constituido pela inclinacdo da escépula em relagénivel
horizontal,

2. Angulo escapulo-umeral estabelecido pela juncéo da escapula com o Gmero

3. Angulo umero-radial -onstituido pela articulagio do Gmero com o radio;

4. Angulo coxo-solo €onstituido pela inclinacéo do ileo em relacdoigelorizontal;

5. Angulo coxo-femural estabelecido entre a articulacio do fémur comap ile

6. Angulo fémuro-tibial -estabelecido entre a articulag&o do fémur comia tib

7. Angulo tibio-metatarsico eonstituido pela juncéo da tibia com o metatarso;

4 FOTOGRAMETRIA

A técnica de fotogrametria define-se como o praress qual se obtém informacao
dimensional e quantitativa de um objeto medianteso de fotografias (MCILWRAITH;
ANDERSON; SANSCHI, 2003).Este método busca representar as particularidades d
imagens de duas dimensdes, suas caracteristical$neas e estabelecer distancias lineares e
angulares através de uma escala métrica. Gaudi@so(2014) descreveram que este método
nao invasivo pode ser um recurso de simples ag@licagn equinos, principalmente por sua

facilidade de execucéo.
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Os primeiros estudos sobre a avaliagdo corporahaqgoor meio de imagens foram
realizados por Kronacher; Ogrizek (193Z)ue por meio de fotografias realizaram
mensuracdes angulares em cavalos. Posteriormdotegaametria foi utilizada para estimar
medidas morfolégicas em equinos por Langlois et(B78), que a partide laminas
fotogréficas projetadas em uma tela, realizavamsomaigdes corporais sobre as projecdes das
imagens.

Atualmente a fotogrametria aplicada ao estudo muétdco equino permite levar o
animal a um plano virtual através de uma série alegfafias digitais, manipuladas por
programascomputacionais que possibilitam obter todos os sla#ointeresse de uma forma
pratica e eficaz (SALAZAR-VIDAL et al., 2012). A mtagem de utilizar esta técnica através
da informatica esta na simplicidade do procedimenézonomia, além de reduzir o estresse
causado nos anima(NEGRETTI; BIANCONI, 2004). De acordo confShrader; Ferreira,
Aarde, (2006) a facilidade de capturar dados, eap&los processos de analise de dados a
partir de programas computacionais, permitem agfatoetria realizar medidas em um
grande namero de individuos, em um curto interdaltempo.

A precisdo das fotografias analisadas depende stdug&io da imagem, distancia do
equino em relacdo a camera fotografica, bem commseantacdo em relacdo ao equipamento
(GAUDIOSO et al., 2014)sso reduz a aplicabilidade de mensuracdes em sres@écies de
animais de dificil contencA®HRADER; FERREIRA; AARDE, 2006). Os maiores enggv
na utilizacdo destas técnicas em equinos estadodrsigrcbes causadas nas imagens
fotograficas, devido as distancias lineares e a@sgehtre o corpo do animal e o equipamento
fotografico (MAGNUSSON; THAFVELIN, 1990). Entravesstes causados principalmente
pelo estresse durante a contencdo ou permanéngiaqiinos em estacao forgcada, o que
resulta no movimento destes animais diante dosumsintos fotograficos.

A fotogrametria digital analisa imagens compostaspikels e estas unidades digitais
podem ser contadas e usadas para deduzir tamania dbjeto(SHRADER; FERREIRA,;
AARDE, 2006). Chapman et. al (2016)lescreveram que os métodos fotogramétricos
dependem de calibracéo, desta forma se faz neieeasdtilizacdo de uma escala com medida
métrica conhecida. Esta escala precisa estar peesanfotografia, e devem ser realizadas
duas mensuracdes, uma do objeto escalonado, e aundididuo a ser avaliado (MEISE et
al., 2014).

Diferentes cientistas trabalharam com fotogrametna equinoskKronacher; Ogrizek
(1932), Langlois et al. (1978), Dalin; Magnusson; Thafvelih985), Magnusson; Thafvelin
(1990), Holmstrom; Magnusson; Philipsson, (1990), Kubo let(2092), Thompson (1995),
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Barrey et al. (2002)Mcllwraith; Anderson; Sanschi, (2003nderson; Mcilwraith (2004),
Anderson; Mcilwraith; Douay (2004)Cervantes et al. (2009), Godoi, (2012), Solé et al.
(2013), Go et al. (2014)Mariz et al. (2015), Senna et al. (2019)eisgerber et al. (2015),
Parés-Casanova; Allés (2013%to demonstra que esta técnica pode ser empregada
diferentes estudos nesta espécie de interessecammtécontudo precisa maiores estudos e
seu uso validado para diferentes caracteristisaaa;oes.

4.1 Pontos anatdmicos de referéncia

A metodologia com uso de marcadores foi desenvalpa@ Magnusson no ano de 1985,
e relatada por Holmstrom; Magnusson; Philipsso@9Q). Esta técnica tornou-se uma das
mais utilizadas nos estudos de biometria e bionmezéam cavalos, principalmente por
permitir a digitalizacdo das imagens coletadasnal® facilitar a analise de animais em
movimento. Doucet (2007) relatou que as maiorias tdabalhos de analises morfométricas
através de métodos fotograficos, utilizaram em peot®colos marcadores colocados sobre a
pele em pontos anatémicos especificos.

Para que esta técnica seja aplicada de forma a&pméagnusson; Thafvelin (1990)
recomendam o uso dos pontos de faceis de palpagdinzca e localizados principalmente
no esqueleto e quando possivel ficar proximo deemtlades Osseas. Um dos fatores
limitantes para esta metodologia é a dificuldadeedenhecer estes pontos em texturas muito
homogéneas, peles escuras ou superficies sem mases (GAUDIOSO et al., 2014).

Regifes anatdmicas com grande volume musculao ¢ealt de gordura corporal também
dificultam a colocacéo de pontos indicadores, tadol da imprecisdo na localizagédo de
contornos 0sseos, 0 que aumenta a variabilidagéeioar as medicO€MARIZ et al., 2015).
Outro aspecto que deve ser considerado € quantstar@ corporal do equino durante a
colocacdo dos marcadores, que pode induzir equsvae@plicacdo deste método (WELLER
et al., 2006).

4.2 Software para analise de imagens

Com o desenvolvimento da informatica e dos dif@®rgistemas para captacdo de
imagens fotograficas. Os trabalhos de fotogrametancaram consideravelmente,
principalmente pelo desenvolvimento de programaspcacionais que permitem a avaliacéo

de imagens.
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O softwareImageJ® é um programa de dominio publico, largaenenilizado, e foi
desenvolvido peloNational Institute of Health-USApara o processamento de imagens
baseado em programacédo Java, que permite a adaliseagens com diferentes formatos
(RASBAND, 2004). De acordo com@irish; Vijayalakshmim (2004p softwarelmageJ®e
um instrumento eficiente para a analise e process@nde imagens, sobretudo por ser um
programa de dominio publico.

A utilizacdo dosoftwarelmageJ®, em estudos cientificos com equinos gaizado pela
primeira vez porCervantes; Baumung; Molina (200@€yn um trabalho sobre caracteristicas
morfofuncionais de cavalos arab&mlé et al (2014),trabalharam com o melhoramento da
raca Menoarca e utilizaram 47 medidas biométricaas emensuracdes angulares foram
realizadas através dmftwarelmageJ®. Go; Barton; Ohnesorge (2014) utilizaramesmo
programa computacional, e através de fotografiaeraram que a angulacdo de pescoco
pode influenciar no diametro faringeano dos equiaodlexionar o pesco¢cdMariz et al.
(2015), utilizaram animais da raca Quarto de Méltlemonstraram que softwarelmageJ®
pode ser uma alternativa para a avaliagdo morfaraétguina através de imagens.

Estes trabalhos confirmaram a possibilidade daizagfio destesoftware como
ferramenta para realizacdo de medidas biométricasegquinos. Entretanto, existe uma
caréncia quanto a sua aplicabilidade para as disseregidbes anatdbmicas comumente

utilizadas na equinocultura.

4.3 Fotogrametria Digital

Com o advento da tecnologia, a fotogrametria digiteonsiderada uma alternativa para a
avaliacdo quantitativa das assimetrias posturaisvafiacao de estatura e pode ser utilizada
para a realizacdo de medidas lineares e angulaAgSCGO et al., 2007). Estas inovacdes no
processo de tomadas de imagens permitem a capiswalizacdo prévia, armazenamento e
processamento de fotografias, o que facilita ausiliazagcdo como instrumento de pesquisa em
diferentes areas de estudo.

Uso desoftwareslivres para analises de imagens apresenta-se comonétodo de
utilidade razoavel e com poucas pesquisas relatésna sua comprovacdo de viabilidade
(MARIZ et al., 2015). A fotogrametria pode facilitar a quantificagdo deariaveis
morfologicas relacionadas a postura equina, a@rnrdados mais confiaveis comparados a

aqueles obtidos pela observacdo visual, além disst@ técnica facilita o processo de
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arquivamento, com a economia de espaco e tambémendigo no acesso aos registros
armazenados (SACCO et al., 2007).

O uso de camera digital e programas computaciopars a analise de imagens
mostraram-se eficientes no trabalho de Godoi (2@f)que poucos segundos com o animal
em estacdo é suficiente para realizar as mensgréiggéares com seguranga, isto demonstra
gue as técnicas de fotogrametria podem ser amptareempregadas em equinos.

Perante a necessidade da inovacéo das técnicasrémmetria Gaudioso et al. (2014)
apresentaram uma perspectiva moderna na avaliagioétrica, através do uso de meétodos
de mensuragdes tridimensionais (3D), na analiséohdgica do animal, a qual permite uma
avaliagdo muito detalhada da morfologia. Poréma e@8tnica de mensuragdo em trés
dimensdes apresenta como desvantagem a dificutgstacional, econémica e tecnoldgica,
0 que dificulta a sua aplicabilidade a campo eagal escala.

Diante destes fatos Mir6 et al. (2009), ressaltague o0 método de avaliacdo de
imagens em duas dimensdes (2D), envolve um nimeminde equipamentos fotogréaficos
e as calibracbes necessarias sdo mais simplese dogua esta técnica economicamente
viavel e possivel de ser utilizada a campo. No noesontexto os autores relatam que a
avaliacao de imagens 2D, é passivel e segura figeanégular equina, mesmo a técnica de
mensuracao em trés dimensdes (3D), ser consideraidgprecisa.

Desta forma séo desejaveis iniciativas que pdisihi avaliar as propor¢des corporais
equinas de forma segura, e que propiciem identifjoais os animais apresentam as melhores
relacbes métricas para modalidades equestres. dikso, facilita os trabalhos de avaliacao e
selecdo por atributos morfolégicos em programasndioramento genético, e sobre tudo

poder reduzir tempos e custos nos processos dagial
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Figura 1. Medidas morfométricas avaliadas em egJliadaptadas
de Godoi (2015)
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5 CAPITULO I

5.1 MANUSCRITO

Os resultados desta dissertacao serdo apresemadosna de manuscrito, com sua

formatacédo de acordo com as orientacfes da rekisestock Science.
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Abstract

Equines have some peculiarities of zootechnicarasts that differ from other species,
mainly due to their motor capacity to perform wanksport functions. For that reason, body
dimensions and proportions are extremely importanhorse selection and breeding, and
morphological characteristics such as length, hemgidth and angular measurements may
influence the quality of movement and physical&uee of the animal. In this way, this work
aimed to evaluated the biometric data of equinb&ined by the traditional method of body
measurement and the photogrammetry technique usiageJ® software. In addition, the
methods were correlated and evidenced the limitatemd advantages of each one. The effect
of evaluators for both methods was verified to desti@ated the efficiency of the procedures.
Body measurements were performed by three traineduaors, each performing four
replications per horse. A total of 10.944 biometrieasurements were performed on twenty
four adult horses. The data were collected frombit®netric measurements and captured
photographic images, with the purpose of perforrmregasurements in these same anatomical
points, through the software. The results of wingk demonstrated that correlations between
biometric measurements and photogrammetry showgt horrelation for eight metric
measurements with values between 0.82 at 0.95 @andnfieasures of moderate correlation
(0.58 at 0.74). Angular measurements showed ttgeeda differences, where correlations
ranged from weak to strong (0.29 at 0.81). Altausathat can be used to obtain equine
morphological data. Due to the ease executiohefiata collection, as well as the gratuity of
the software. Thus, this strategy can be usedlynhynbreeders who seek to form a database

with zoomometric information essential for equiremgtic improvement.

Keywords: Horse, morphology, photography
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1. Introduction

The functionality of equines is substantiated oset of movements that guarantee
these animals the versatility to perform with fégilactions that involve strength and
mobility, essential features in equestrian activiéguine biomechanics depends on animal’s
anatomy and body proportions, so the understanalinigese metric and angular dimensions
is necessary to determine the purpose of a horse.

The origin of horse morphometry was initiated ie ftiteenth century by Leonardo da
Vinci studies and later by Claude Bourgelat in éighteenth century (Marcenac et al., 1990).
From the work carried out by these the equinoceltuegan to establish scientific principles
on equine body measurements, which allowed théledtenent of objective indexes based on
biometric assessments.

Different scientific studies use zoomometric metodo evaluate physical
characteristics in equines through classic toolga@uring stick, arthro-goniometer and
measuring tape). However for a long time it hasnbleeown that using these instruments
accurately and quickly is not an easy task (Larsgbtial., 1978). (Salazar-Vidal et. al 2012),
mention that these equipments are few repetitivigglight that the measuring stick requires
the calibration between measurements, which in gy increase the margin of error when
using or it.

In this way exists at need for body measurementnigoes, that allow taking
measurements with greater precision and shortén&i@n time, in addition to the possibility
of storing data for subsequent analysis (Douced,7R0There are few studies on alternative
methods for morphometric evaluation in horses. Teisionstrates that exists the demand for
studies on new technologies in carrying out animeasurements on (Lage et al., 2009).

A possibility for at metric estimation in horsdsis through the photogrammetry
technique, that obtains dimensional and quanteatiormation of an object through the use
of photographs (Mcilwraith et al., 2003). This mmdlseeks to represent the particularities of
two-dimensional images, their curvilinear charast@s and establish linear and angular
measurements through a metric scale. Faced wisie thaets Mir6 et al. (2009), report that the
method of evaluating images in two dimensions imgsla smaller number of photographic
equipment and the calibrations are simpler, whatawdhis technique economically feasible
and possible to be used in a field when comparedthoee-dimensional analysis.

With the development of computer science and tlilerdnt systems for capturing

photographic images, the photogrammetry works l@areced considerably, mainly due to
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the development of computer programs that apptienevaluation of images in several areas
of knowledge.

In this way, studies are needed to evaluate thetipah methods for equine biometry
that can be widely used in the field as to theficeincy and applicability. This in order to
later applied in the formation of databases tovalb@tter conduction of breeding programs of
this species.

2. Methodology

To evaluate the efficiency of the traditional bidngetechnique and to compare it to
the biometry performed by image analysis were nrealsp4 adult horses of different breeds,
sexes and ages, but with similar body scores ieraal verify the viability of the techniques
in different situations. The horses were measusethtee evaluators trained (A, B, C). Each
equine was submitted to 12 biometric and photogcagections, wherein each of the
evaluators performed four replications per aninfdius, a total of 288 biometrics were
obtained in which 19 body measurements that t@dli#56 parameters were analyzed per
animal, thus the analyzed database had 10.944 biondata. In the period previous to the
experiment, several pilot projects were carried, dor leveling evaluators, checking
equipment and establishing the methodology to led.us

For the accomplishment of the biometrics, the lomsere individually driven to a
study area, as measurements were taken on aflatswhere the animal was kept in forced
station, according to the methodology of Pintolgt(2008). Each evaluation was performed
in an average time of 18 minutes. Among the measawaluatedn vivo (supplementary
material), thirteen were metrics, performed outhwtite use of measuring stick and measuring
tape, six measures angular made with an arthroegweter. The linear and angular
parameters used in this study were performed agwpritd the adapted methodologies of
Torres and Jardim (1981); Cabral et al., (2004ntdet al., (2008) and Godoi et al., (2015).
For the analysis of corporal measurements perfortmexligh photographic images was used
Image¥ software, free computational program developedNgtional Institute of Mental
Health, USA). With the objective to facilitate thwsualization of the anatomical points
through the images and to carry out the precisesutements by software, in each of the
replicates each evaluator placed 13 adhesive nsadkethe left face of the animal, according

to a methodology adapted from Godoi (2015).
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The photographic images were taken with the animatation, positioned so that the
left side of your body stayed perpendicular todiggtal camera (Sony Cyber Shot W830 20.1
MP®), the equipment was positioned on a tripod witktatice of 3.5 m of the animal, and set
at a height of 1.20 m, previously defined. To perfahe calibration of the image in the
software, a metric scale of 100 cm was placed texthe animal's body. The average time
taken to evaluate each of the photographs was sevwautes and the images photographed
had average dimensions of 3072 x 2048 pixels.

Statistical analysis to evaluate the efficiencyeaich method and the comparison
between them was performed through Pearson coomlatith the support of the program
SAS (Statistical Analysis System, version)9.Bhe average of the four traditional biometric
replicates of each evaluator was used to correldiie the average of the four replicates
analyzed by software. Also were calculated the fdoeft of Variation (CV) obtained from
the repeated measurements of all the characteretid also to evaluate the efficiency of the
evaluator (A, B, C) in each measure and in botthouis.

This study was conducted according to the Ethicsm@itee in Animal
Experimentation of the Santa Catarina State UnityefSETEA), through protocol: 1.29.15.

3. Results

The correlations obtained (Table 1) for all therelteristics evaluated between the
methods were highly significant and positive (p<49.All height measurements obtained the
highest coefficients of correlation between the hods, with results ranging from 0.86 to
0.95. Correlations of high magnitude (0.82) wersesbed for head, neck and withers-hip
lengths. Intermediate correlations (0.58 a 0.74)ewieund for elbow-stifle length, shoulder
length, body length and croup length. Only the meament of the stifle-hock length
presented a value of low magnitude (0.45).

Greater variation in the magnitude of the correlattoefficient was observed for the
angular measurements. For the coxae—floor anglerablt obtained was 0.81, moderate
correlation value was observed for the coxae—feamgle (0.51), and the other correlations
presented values between 0.29 and 0.43. Low coftecof variation were observed for both
methods, being upper in the traditional method.y@mie angular measurement (coxae—floor
angle) presented CV about three times higher tharother measurements. The coefficients

of variation observed for each evaluator in eachhow (Table 2) were low, again were
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slightly higher in the traditional method. The cexfioor angle was the only measure that
presented the highest CV compared to the others.

4. Discussion

Equine biometry is fundamental for an in-depth klemlge of the anatomy of the
specie linked to its economic function. Howeverrdha are found works that validate as
techniques usually used. Without the comprovatibefficient measurement methods many
times the biometric measures are restrict to fewasuees within each breed and do not allow
the formation of consistent databases for genetigrovement.The task of performing the
biometric analysis in equines requires trained gssibnals, adequate equipment and
sometimes can be hampered by the behavior of timeanto be measured. So, traditional
methods of measurement have already been questigneome authors. Salazar-Vidal et al.
(2012) emphasized that the measuring stick itneetconsuming to use and little repetitive
and demonstrated that this equipment requiresebd of calibration between measurements.
The variation of this tool was also evidenced i@ work of Lamas et al. (2007), where three
individuals found significantly different valuesrfthe height of withers with a difference of +
1.89 cm between one evaluator and another, anduztett that a measuring stick is not an
extremely accurate tool. The tape measure, anatigely used instrument, despite being
simple and cheap to carry out linear measuremeots not show good accuracy according
Torres and Jardim (1981). In this way it is necasslae study deepened in techniques that
minimize human errors and the inaccuracy of thapegent in accomplishment of biometric
measurements.

An alternative to perform this task is the use igitdl photographic images. Digital
photogrammetry can be used as an alternative &ization linear and angular measurements
and may facilitate the quantification of morpholcaivariables related to equine posture by
bringing more reliable data compared to those abthiby visual observation (Sacco et al.,
2007). The difficulties for take measures of thelypgan be minimized through the analysis
of images by computational programs, which hasatheantage of evaluating the animal in a
static body position. The forced stance performedhe animal for to taking imaging can
allow the best positioning and the correct confdroma of the limbs. In this case this
positioning takes less time for the taking of theotographs than to carry out all the
measurements by the traditional method. So, thmaften remains the time required for to

take the photo and can not maintain the same posig for several minutes until all
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measurements taken with a measuring stick, artbnegeter and tape are performed. Case
the animal does not present the correct positioatripe time of taking the image this can be
easily identified in the photograph and thus anoittn@ge can be quickly collected.

Doucet (2007) cites that the great majority of therphometrics analysis works
through photographic methods use in their protoowdskers placed on the skin at specific
anatomical points, since these points functionedsrences in the images to be evaluated.
From the location of these points by a trained gssional, the biometrics by software
becomes much simpler and faster than taking measms with measuring stick, arthro-
goniometer and tape measure. One of the limitingjofa for this methodology is the
difficulty to identify these points in the body dhe animals due to very homogeneous
textures, dark skin or surfaces without bone mark&audioso et al., 2014). Another aspect
that should be considered is regarding the bodyup®®f the horse during the placement of
the markers, which may induce misconceptions inagglication of this method (Weller et
al., 2006).

4.1. Heights

In this study height measurements were easily padd and showed a high
correlation between the methods (traditional analyaed by software) with low coefficient
of variation between methods and between the messofr each evaluator. This can be
justified, seeing these vertical measures areethout with theneasuring stick resting on the
ground, which minimizes the error and guaranteesitgr accuracy in the use of this tool.
Only the chest height does not use the soil aseserece and so the correlation was lightly
lower, however, still of high magnitude.

For height analysis through images the proceduithéssame, where the ground is
taken as one of the reference points in the vatiba of these dimensions, which facilitates
the use of the photogrammetry technique and gusgarthe accuracy of this method. That
way no suffer the effect of a possible inclinationthe measuring stick that reflects in a
different angle of 90° interfering in the exactualof the measurement, this may explain the
lower coefficient of variation observed for thehamue realized by software. Therefore, in
the measurements of height we observed that botthoaeogies when performed by

properly trained technicians present high repetiiad are feasible for data collection.
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4.2. Lengths

The linear measurements were performed betweendistnct reference points, in
this way the greatest obstacles in the taking eséhmeasures are in the variation between
these two anatomical points. The correct locatibthese regions and the appropriate body
position of the animal directly influence the metreading performed on the measurement
instrument. Lage et al. (2009) cite that body mosendirectly influences the measurement
of linear dimensions. As the metric verificatioropess is cautious and prolonged, a static
posture of the animal during all this time is uelik a fact that can be optimized by the
technique of photogrammetry.

We observed intermediate correlation coefficierts length measurements. In this
work the body length measurements were performdia avmeasuring stick, that presents as
objection the handling of the equipment oppositgireg)body extension. Given that often the
length of the animal makes it hinders that the wsalr position and check correctly if the
ends of the equipment are in the position correct.

Another impediment found was the measurement ofdtb@nce between the stifle-
hock length, same problem cited by Lage et al.Q920These authors have reported that there
are difficult to take precise measures regardirgglémgth of the tibia due to its anatomical
conformation, and that still requires a safe posifor the evaluator in before of the animal. It
was also cited he objection of the animal to renmaia static position, due to the touch of the
measurement materials. These measures in fact @xpesevaluator to possible injuries
according to the temperament of each animal. Itetophasize that the method of
photogrammetry can be performed with any animat #@bows its handling by halter.
However, biometry with instruments is often only spible in tamed and adequate
temperament animals. It is worth mentioning thatwark started with 25 animals, however,
one was removed from the assessments due to rskshé evaluators at the time of
measurement using the traditional method. Due to duverse temperament it was not

possible to complete the 12 sections needed fduatan.

4.3. Angles

Among the 19 morphometric measures evaluatedivo in this study, the angular

measurements were the characteristics that pres#drgegreatest difficulty for measurement,

when compared with measures of heights and lendthgular measurement is a complex
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task, since these measures need to be performeddretwo half-lines with a common point
of origin. Therefore, at least three supports aduired on the animal, since the evaluators
usually work alone and thus are restricted to stipihe arthrogoniometer only in two points
with the hands. This can cause in of angular evialnamprecise, added at the difficulty in
keeping the evaluated animal in a static positiemvben each of the measurements.

This fact was also evidenced by Lage et al. (200@), reported problems to identify
anatomical points for the angular determinatiore ttumuscle movement and skin elasticity
in the reference regions, another factor considbyethese authors was the opposition of the
animal to the contact of the arthro-goniometeraby not accustomed the execution of these
measures. In his study Godoi (2012), also repbesdamong the measurable characteristics in
horses, the angular measures are the ones thahpthe greatest difficulty due to the lack of
specific instruments for performing such a procedurthe absence of suitable professionals
for such task. Another factor that we think peminmay be related to the familiarization of
the animals with the procedures. Since the measgigiitk has more frequent use in the
equine farming for the taking of measures of hefghiexample, the arthro-goniometer is not
part of this routine and still requires direct amitwith the animal in several anatomical
points.

The evaluation by image minimizes the problems edusy the body movement,
besides being able to evidence the correct postaréne angular evaluation. Thus we judge
photogrammetry as the most appropriate methodnfgular measurement of horses.

All horses used in this study were submitted tolNreébiometric sections, with an
average of 18 minutes each, period necessary ty @ar the corporal measures, however this
time is relatively long to maintain a horse in atist position, which can compromise the
evaluation of body measurements through traditiomethods. The ideal would be to keep the
animal static during the accomplishment of all theasurements, however the attitude of the
horses before the evaluators and instruments oSunes, cause small body movements,
which can cause linear displacements in the markamsl by smaller that seems this
movement, the angular change between the markerdeeelevant, to the point of causing
great variation in degrees in the angular measumntsne

Only the coxae—floor angle measure showed a caosifiof variation higher in both
methods and among the evaluators.We verified tfoat,being the smaller joint angle

measured, any slight variation in measure propoatiely, affects very the final angular value.
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4.4. Advantages and disadvantages of methods

Biometrics performed by the traditional method isvalespread technique widely
accepted by the scientific community and breedéfoses basically due to their simplicity.
However, in the literature there is a gap regardiadation of the technique. This method
presents as difficulty, the need technical knowéedig be performed, addition to specific
instruments for the measurement. One of the majawlolcks of this technique, is in the
body's movement of the animal, which influenceedly in the verification of the measures
performed. And hardly a large number of body meameants can be performed without the
animal make some movement. The tools for the takimgle measurements, present a simple
principle of operation, but its handling is labarsp which makes it difficult to use them. In
addition to the technique, it requires time to befgrmed and in this way the contact with the
animal tends to be larger, which increases the adsanf accidents with animals of adverse
temperament or not tamed. The costs relativesdddbhnique are related to the equipment
used (measuring stick, arthro-goniometer and meagtape).

Photogrammetry presents as an advantage the anafyail measure with the animal
in the same body position, provided that it is @rdpcollected. Does not depend instruments
on field for measurement, except a digital came taipod. The technique can be used on
not tamed and unquiet animals, but that can be lbédndith a halter. This procedure
drastically reduces the risk to the evaluators. $hlkesequent biometric evaluations in the
computer do not suffer any environmental influereved the time to carry out the
measurements is smaller. That way, allows the géioer of databases on a larger scale.
Among the disadvantages that the photogrammetigepts this is correct positioning of the
animal for photo and the of body markers to faaiéitthe visualization of the anatomical
regions to be measured. Photos must be taken @&ogdoda specific methodology. The costs
related to this technique are linked to digital eaa tripod and computer. It is valid to affirm
that both methods need trained evaluators for cbloeation of the anatomical points.

The two measurement techniques presented low vidudise coefficient of variation
between the methods and still for the three evatgah each method, which demonstrates a
very repetitive evaluation pattern and thus adegjtaguarantee the reliability in the taking of
corporal measurements. Thus it was possible to dstraie the efficiency of the two
methods, the traditional biometrics using the tditiks measuring stick, arthro-goniometer and
tape measure as well as the biometric evaluatidh tihie aid of ImagéJsoftware. Both

methods allow great repetition between measuregiqed they are performed by properly
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trained evaluators and follow a rigorous data ctiben methodology. These results may serve
as a stimulus for breed associations for the cidle®f data in equines in the field conditions.
If the intention is the formation of large scaldalmses we recommend photogrammetry due
to the equivalence to the traditional method, bitih \ess risk of accidents and greater agility

in the works.

5. Conclusions

Both methods evaluated in this study present a titepe pattern for body
measurements, this fact demonstrates that thetsesfuinetric and angular measurements for
equine body measurements are influenced by thécappity of the technique and not by the
evaluator's interference.

The biometric evaluation of horses through photplgi@ images is an easy and fast
method of collecting morphological data. The metilogy of this study is linked to the use
of Image¥ software was feasible and its use is recommenuiethé formation of a database

in this specie.
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374 Tables

375

376 Table 1. Correlations for equine biometric measunets between the traditional method and
377 via software and coefficient of variation of eachthod.

378

Traditional Software

Traits CV (%) CV (%) Correlation*
Withers height [cm] 4,55 3,73 0.95
Hip height [cm] 4,40 3,77 0.90
Chest height [cm] 4,46 3,20 0.86
Sternum height [cm] 5,84 5,55 0.93
Elbow height [cm] 5,20 4,84 0.93
Body length [cm] 3,23 3,20 0.65
Shoulder length [cm] 5,07 5,56 0.73
Stifle-hock length [cm] 5,40 5,54 0.45
Withers-hip length [cm] 5,06 4,36 0.82
Croup length [cm] 4,74 6,65 0.58
Elbow-stifle length [cm] 4,99 4,34 0.74
Headlength [cm] 4,50 4,08 0.82
Neck length [cm] 5,37 5,96 0.82
Shoulder—floor angle [°] 4,62 2,94 0.29
Shoulder—humerus angle [°] 5,12 4,21 0.43
Humeros-radius angle [°] 4,29 3,35 0.38
Coxae—floor angle [°] 15,82 12,9 0.81
Coxae—femur angle [°] 6,59 4,98 0.51
Femor-tibia angle [°] 4,46 3,81 0.43

*Significant results = (p<0.01)y ©%) — Coefficient of variation.
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379 Table 2. Coefficient of variation between the regies according to the evaluator and the
380 method used for equine biometry.

Method
CV - Traditional CV - Software
Evaluator

Traits A B C A B C Mean
Withers height [cm] 47 46 46 39 38 36 4.2
Height at hip [cm] 46 44 45 39 38 37 4.2
Chest height [cm] 41 45 47 31 33 3.0 3.8
Sternum height [cm] 60 59 6.0 59 55 55 3.2
Elbow height [cm] 48 53 55 49 50 4.8 5.8
Body length [cm] 36 31 30 26 40 30 5.1
Shoulder length [cm] 59 47 47 6.0 55 53 54
Stifle-hock length [cm] 43 47 40 58 51 538 5.0
Withers-hip length [cm] 55 49 47 42 42 4.8 4.7
Croup length [cm] 42 46 7.7 69 6.8 5.1 5.9
Elbow-stifle length [cm] 56 48 45 41 45 45 4.7
Head length [cm] 48 42 42 41 40 43 4.3
Neck length [cm] 50 56 54 6.2 6.0 59 5.7
Shoulder—floor angle [°] 35 51 52 28 31 30 3.8

Shoulder—-humerus angle [°] 3.2 54 4042 42 43 4.2
Humeros-radius angle [°] 22 29 36 34 32 35 3.1

Coxae—floor angle [°] 18.1155 14.1 129 134 13.1 145
Coxae—femur angle [°] 68 55 6.1 50 51 51 5.6
Femor-tibia angle [°] 32 31 44 39 40 3.7 3.7
Mean 53 52 53 49 50 48 5.1

381 CV - Coefficient of variation (%).

382

383 Appendix A. Supplementary material

384

385 The linear and angular parameters used in thisysaoel quoted below and were performed
386 according to the adapted methodologies of Torres Jandim (1981), Cabral et al., (2004),
387 Pinto et al., (2008) and Godoi et al., (2015).

388

389 1. Withers height- Vertical distance from the highest point of théerscapular section,
390 delimited between the free ends of the thorny mecef the 5th and 6th thoracic
391 vertebrae, so that it follows to the ground;

392 2. Hip height— Vertical distance from the highest point of &veup, from the sacral
393 tuberosity, so that it follows to the ground,;

394 3. Ches height— Vertical distance delimited between the freeseofdthe thorny process

395 of the 5th and 6th thoracic vertebrae, so thatlib¥vs to the sternum;
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4. Elbow height— Vertical distance from the vertex of the olecramo such a way that it
is directed to the ground;

5. Sternum height Vertical distance from the outside, so thatiioivs to the ground;

6. Body length— Linear distance between between the border efcthnial face of the
major tubercle of the humerus leading up to thei@duberosity of the pelvis, so that the
length encompasses the cranial portion of the sleowd the buttock.

7. Head length- Linear distance between a cranial portion oflbiweer incisor arch and a
cranial portion of the lateral face of the atlagisg.

8. Neck length- Distance measure between the cranial porti@mdbaside of the wing of
the atlas and the cranial border of the scapula;

9. Withers-hip length- Distance measurement performed between the adritie spinal
processes of the thoracic vertebra T8 and T9, lmm@artion of the sacral tuberosity;

10. Shoulder length—- Measure of length between the border of the lag#i of the
scapula;

11.Croup length— Measurement of the distance between the sadbakdsity and the
ends of the spinous processes of the coccygeabrari 15;

12. Stifle-hock length- Linear distance between the patella to thedathird of the tarsal
joint;

13. Elbow-stiflelength— Distance measured from the apex of the olecrémtme patella;
14.Shoulder<loor angle— Constituted by the inclination of the scapulaafation to the
horizontal level;

15. Shoulder-humerus angle Established by the junction of the scapula wtitle
humerus;

16. Humeros-radius angle Consisting of the articulation of the humerudhwiite radius;
17.Coxae-floorangle— Constituted by the inclination of the ileum be thorizontal level,
18. Coxae—femuangle— Determined between the joint of the femur aredifgum;

19. Femor-tibia angle- Established between the femoral joint and thia;ti



6 CONSIDERACOES FINAIS

O presente trabalho permitiu a analise da viallkddo software ImageJ® para a
realizacdo de medidas métricas e angulares ema=ainavés da técnica de fotogrametria,
como um meio auxiliar na formacdo de bancos de sldsmseados em informacdes
morfologicas para o melhoramento genético equiAometodologia utilizada neste estudo
apresentou como vantagem um custo considerado,@é&m de preconizar uma técnica de
emprego facil devido ao numero reduzido de equipéoseutilizados a campo, 0 que permite
seu emprego em diferentes situacgoes.

Os métodos de mensuracdo tradicionais dependemnsieumentos de medida
especificos, técnicos treinados e demandam tempoap@alizacdo das medidas biométricas.
Além de aumentar os riscos de acidentes aos geasaliadores e animais ficam expostos
durante a tomada de medidas. Desta forma, s&ssé&tos estudos que proporcionem novas
metodologias para analises corporais em equinotcAica de fotogrametria através do
software Imagel] neste estudo apresentou resultados que indicamssepara as medidas
métricas, e demonstram que existe a necessidadevds tecnologias envolvendo a analise

angulo articular equina.



42

7 REFERENCIAS

ANDERSON, T. M.; MCILWRAITH, C. W. Longitudinal detopment of equine
conformation from weanling to age 3 years in therdaghbredEquine veterinary journal,
v. 36, n. 7, p. 563-570, nov. 2004.

ANDERSON, T. M. et al. The role of conformationmusculoskeletal problems in the racing

ThoroughbredEquine veterinary journal, v. 36, n. 7, p. 571-575, nov. 2004.

BARREY, E. et al. Early evaluation of dressage igbiin different breeds.Equine
Veterinary Journal, v. 34, n. 34, p. 319-324, sept. 2002.

CABRAL, G.C. et al. Avaliacdo morfométrica de eqgisnda raca Mangalarga Marchador:
indices de conformacao e proporcdes corporasista Brasileira de Zootecniav. 33, n. 6,
p. 1798-1805, dez. 2004.

CERVANTES, I. et al. Size and shape analysis ofpghofunctional traits in the Spanish Arab
horse Livestock Sciencev. 125, n. 1, p. 43-49, oct. 2009.

CHAPMAN, S. N. et al. How big is it really? Assasgithe efficacy of indirect estimates of
body Size in asian elephan®oS onev. 11, n. 3, p. e0150533, may. 2016.

CURTIS, G. C. et al. Height measurement in horsed ponies: optimising standard

protocols. The Veterinary Record, v. 167, n. 4, july. 2010.

DALIN, G. et al. Retrospective study of hindquarésymmetry in Standardbred trotters and
its correlation with performanc&quine Veterinary Journal, v. 17, p 292-296. July, 1985.

DONOFRE, A. C. et al. Equilibrio de cavalos da r&gaarto de Milha participantes da
modalidade de trés tambores por meio de propog@rperaisCiéncia Rural, v. 44, n. 2, p.
327-332, fev. 2014.



43

DOUCET, M. Présentation et évaluation d'une méhdd mesure morphométriqgue en 3
dimensions. 2007. Tese de Doutorado. Ecole Nd#@ovieterinaire D’alfort Université, Paris
— Est Créteil Val de Marne (UPEC), Paris, 2007.

GAUDIOSO, V. et al. “Photozoometer”: A new photogmaetric system for obtaining
morphometric measurements of elusive animaigestock Sciencev. 165, p. 147-156, july.
2014.

GIRISH, V. et al. Affordable image analysis usingHNImage/ImageJindian journal of
cancer, v. 41, n. 1, p. 47, feb. 2004.

GO, L. et al. Pharyngeal diameter in various heatireeck positions during exercise in sport
horsesBMC veterinary research, v. 10, n. 1, p. 1, may. 2014.

GODOI, F.N., Avaliacdo cinemética de variaveis cglaadas ao resultado dos saltos de
potros. 2012. Tese (Doutorado em Zootecnia) — Bs#elVeterinaria, Universidade Federal
de Minas Gerais, Belo Horizonte, 2012.

GODOI, F. N. et al. Caracteristicas cinematicapateos da raca Brasileiro de Hipismo nos
sucessos e insucessos dos saltos em liberdedtévos de zootecniav. 64, p. 229-236, sept.
2015.

HOLMSTROM, M. et al. Variation in conformation ofw@&dish Warmblood horses and
conformational characteristics of elite sport herdequine Veterinary Journal, v. 22, n. 3, p.
186-193, may. 1990.

HONTANG, M. A psicologia do Cavalo. 1. ed. Sdo Pa@BLOBO S.A, 1989.

KRONACHER, C.; OGRIZEK, A. Exterieur und Leistunghkfgkeit des Pferdes mit
besonderer Bertcksichtigung der Gliedmafdamkelung und
SchrittlAngenverhéaltnissgeitschrift ~ fur  Tierzichtung und  Zichtungsbiologie

einschlief3lich Tiererndhrung, v. 23, n. 13, p. 183-228, jan. 1932.



44

KUBO, K. et al. Segmental body weight, volume an@sm center in Thoroughbred
horsesJapanese Journal of Equine Scienc¢e. 3, p. 149-155, dec. 1992.

LAGE, M. C. G. et al. Associacdo entre medidasdies e angulares de equinos da raca
Mangalarga MarchadoArquivo Brasileiro de Medicina Veterinaria e Zooteaia, v. 61, n.
4, p. 968-979, ago. 2009.

LANGLOIS, B. et al. Analyse des liaisons entre larphologie et I'aptitude au galop au trot
et au saut d'obstacles chez le Che&ahales de génétique et de sélection animaBioMed
Central, v. 10, n. 3, p 443- 474, jul. 1978.

MARIZ, T. A. M. et al. Avaliacdo de medidas morftregurais em equinos da raca Quarto de
Milha utilizando andlises de imagersta Veterinaria Brasilica, v. 9, n. 4, p. 362-368, dez.
2015.

MAGNUSSON, L:E.; THAFVELIN, B. Studies on the conformation arelated traits of
Standardbred trotters in Sweddournal of Animal Breeding and Geneticsv. 107, n. 16,
p. 135-148, jan. 1990.

MARCENAC, L.N.; AUBLET, H.; AUTHEVILLE, P. Enciclogdia do cavalo. 2v. 42%ed. Sdo
Paulo: Org. Andrei, 1990.

MCILWRAITH, C. W. et al. Conformation and muscules&tal problems in the
racehorseClinical Techniques in Equine Practicev. 2, n. 4, p. 339-347, jan. 2003.

MEISE, K. et al. Applicability of single-camera gbgrammetry to determine body
dimensions of pinnipeds: Galapagos sea lions &amplePloS ongv. 9, n. 7, p. 101197,
july. 2014.

MIRO, F. et al. 2D versus 3D in the kinematic asayof the horse at the trateterinary
Research Communicationsv. 33, n. 6, p. 507-513, dec. 2009.



45

NEGRETTI, P., BIANCONI, G. Morphological survey tugh computerised image analysis.
In: Proceedings of the 7th World Conference on Brow Swiss Cattle Breedersp. 3-7,
2004.

PARES-CASANOVA, P. M; ALLES, C. Discrete sexual diphism in minorcan
horse. Journal of Veterinary Sciencesv. 1, n.1, p. 19-22, july. 2015.

PINTO, L. F. B. et al. Analise multivariada das naded morfométricas de potros da raca
Mangalarga Marchador: Analise Fatoridevista Brasileira de Zootecniav. 34, n. 2, p.
613-626, abr. 2005.

PINTO, L. F. B. et al. Evaluation of the sexual dnmphism in Mangalarga Marchador horses

using discriminant analysikivestock Sciencev. 119, n. 1, p. 161-166, dec, 2008.

RASBAND, W.S. ImageJ. National Institutes of HeaBethesda, Maryland USA. 2004.

RIBEIRO, D.B.O cavala ragas, qualidades e defeitos. Rio de Janeirdoiadlobo. 1988.

SCHADE, M. F. S. et al. Avaliagcdo morfométrica dgui@os do Esquadrdo de Policia
Montada dos municipios de Lages, Joinville e Farmlis-SC. Arquivo Brasileiro de
Medicina Veterinaria e Zootecnia, v. 67, n. 5, 333-1342, ago. 2015.

SACCO, I. C. N. et al. Confiabilidade da fotogran@etem relacdo a goniometria para
avaliacdo postural de membros inferioiRevista Brasileira de Fisioterapiav. 11, n. 5, p.
411-417, set. 2007.

SALAZAR-VIDAL, D. F. et al. Aplicacion de técnicafotogramétricas para el estudio
morfométrico en caballos criollos colombiangsterinaria y Zootecnia, v. 6, n. 1, p. 66-78,
feb. 2012.

SANTIAGO, J. M. Caracterizagdo morfométrica da ritangalarga Marchador. 2013. Tese
(Doutorado em Zootecnia) — Escola de Veterinatimiversidade Federal de Minas Gerais,
Belo Horizonte, 2013.



46

SENNA, N. A. et al. Evaluation of limb conformatian jumping thoroughbred horses.
Asian Journal of Animal Sciencesv. 9, n. 5, p. 208-216, jul. 2015.

SHRADER, A. M. Digital photogrammetry and laser gafinder techniques to measure
African elephantsSouth African Journal of Wildlife Research, v. 36, n. 1, p. 1-7, apr.
2006.

SOLE, M. et al. Analyses of conformational perfonme differentiation among functional
breeding goals in the Menorca horse brefdhiv fur Tierzucht v.56, n. 37, p. 367-379,
mar. 2013.

THOMPSON, K. N. Skeletal growth rates of weanlingdayearling thoroughbred
horsesJournal of Animal Science v. 73, n. 9, p. 2513-2517, sept.1995.

TORRES, A.P., JARDIM, W.R., 198Criacdo do cavalo e de outros equino$Nobel, Séo

Paulo.

WELLER, R. et al. Reliability of conformational neaements in the horse using a three
dimensional motion analysis systelaquine Veterinary Journal, v. 38, n. 7, p. 610-615,
nov. 2006.

WEISGERBER, J. N. et al. Paralelser photogrammetry to estimate body size in-free
ranging mammalsa/ildlife Society Bulletin, v. 39, n. 2, p. 422-428, mar. 2015.



47

6 CARTA DE APROVACAO DO CETEA

CARTA DE APROVAGAD

O Comié ge Elica ern Experimentaclo Arimal da UDESC analisou of s projelols):
Protocolo: 1.28.18

Titube: Medidas biomélicas e fsiologicas associsdas a0 desemperho em
afuino.

CoordenadonPesquisados: Disgo de Cordova Cuceo

Protocole: 1.31.18
Tmmmm&mﬂhtﬂm.mtm&

bovings ALFinGs SUDeprecoces,
CotrdenadanPesquisades: Diego de Cérdova Cucto

0 Comitd de Efica em Exparienentaclo Animal (CETEA) APROVOU ofg)
prajesais) acima relacicnados) em seus aspactas sbicos & metodalboicas, para
Mmﬁn‘mﬂmmm.ﬁmmnm:ms
nacnnsis e Mernacionais, sspecisknents & Lei 11.794 de 08 de novemisn te
2008 que diedping a cisca e uilizacko de animais em alividades de ensing =

pesquisa no Brasl
Lapges, 02 de ol de 200 5.

Nlate

Pral. Lirajara Mace] da Costa
Coordenador do CETEAUDESD





