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contendo referéncias, e formatado nas normas da revista Applied Animal Behaviour
Science, para a qual sera submetido. O capitulo 4 finaliza esta tese com as
consideragdes finais deste trabalho. As referéncias do capitulo 1 encontram-se ao
final da tese.
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RESUMO GERAL

As alteracbes odontologicas s&o frequentes nos equinos e podem causar
desconforto e dor crbnica, afetando o bem-estar e o desempenho atlético dos
cavalos. No entanto, estas condigcdes podem nao se manifestar com sinais clinicos
Obvios, levando ao diagndstico e cuidados tardios. Tal fato predispbe os equinos
portadores de desordens odontologicas a desenvolverem outros disturbios, como
doencgas gastrointestinais ou condi¢gdes dolorosas no resto do corpo. O presente
estudo teve como objetivo avaliar a influéncia da saude bucal na expresséo de dor e
no exame por acupuntura de equinos. A dor foi avaliada através da observacao da
expressao facial equina (HGS, Horse Grimace Scale). Para isso, seis caracteristicas
faciais foram avaliadas (posi¢cdo das orelhas, tensdo acima da area dos olhos,
aperto orbital, tensdo na musculatura mastigatoria, boca tensa com queixo
pronunciado e narinas tensas com achatamento do perfil). Foram estudados 87
equinos adultos, de diferentes ragas, machos e fémeas, que estavam regularmente
envolvidos em atividades esportivas ou de trabalho durante todo o periodo do
estudo. A dor foi pontuada em presenca fisica direta (in loco) pelo investigador, e ao
mesmo tempo a face dos cavalos foi fotografada para analise posterior. Para os
primeiros 33 animais a avaliagéo fotografica foi realizada por sete examinadores que
desconheciam o estudo e a condi¢cdo de cada animal, sendo trés treinados no uso
da HGS e quatro veterinarios de equinos, com experiéncia clinica, mas nao
treinados no uso da HGS. Para os 54 equinos restantes, a avaliagao fotografica foi
realizada por apenas um avaliador treinado para o uso da HGS, o qual ndo tinha
conhecimento sobre a condicdo dos animais. O exame de acupuntura foi realizado
sempre pelo mesmo examinador. Esse foi iniciado com pressdo do dedo sobre a
articulagdo temporomandibular e regides adjacentes, seguida de teste de
sensibilidade dos pontos de acupuntura nos caminhos dos meridianos. Os animais
foram avaliados antes (MO) e 15 dias ap6és (M1) a avaliagdo e tratamento
odontologico. Todos os 87 equinos estudados apresentavam alguma desordem
odontoldgica e, apesar destas, todos apresentavam parametros de exame fisico
geral dentro da normalidade para a espécie e permaneciam no esporte ou atividade
de trabalho durante todo o estudo. Houve concordancia significativa nos escores de
dor entre todos os avaliadores treinados para a utilizagdo da HGS (presencial e
fotografico), com um forte e significativo coeficiente de correlagao intraclasse (ICC =
0.86). No entanto, ndo houve concordancia completa entre os avaliadores
veterinarios nao treinados, e entre esses e os avaliadores que utilizaram a HGS.
Apd6s o tratamento odontoldgico observou-se diminuicdo significativa tanto no
numero de pontos de acupuntura reativos (11,2 £ 5,6 vs. 4 £ 2,9 pontos) quanto no
escore de dor. Este passou de e 3 (0-10), para um escore mediano 1 (0-6). Além
disso, observou-se redugao das queixas dos proprietarios em relacido ao processo
mastigatorio e a qualidade do trabalho dos animais. Alguns pontos de acupuntura
reativos em animais com alteracbes dentarias apresentaram reducgao significativa
apos o tratamento odontolégico. Com énfase para o Ponto do Dente (44 vs. 4),
Estdmago (E)-7 (31 vs. 3), Triplo Aquecedor (TA)-17 (27 vs. 4) e TA-16 (22 vs. 4),
mostrando que o exame de acupuntura pode auxiliar no diagnostico das alteragbes
dentarias e, principalmente, auxiliar na determinacdo do sucesso do tratamento
odontologico. Notou-se, ainda, relagdo positiva entre a presenca de Uulceras na
mucosa bucal e o escore de dor, 0 numero de pontos de acupuntura reativos e a
qualidade do trabalho. A presenga de ganchos e rampas influenciou a qualidade
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mastigatoria dos animais, ja a presengca dos dentes de lobo ndo influenciou em
nenhum dos parametros estudados. Por fim, observou-se que em MO, apesar de n&o
apresentarem claudicagdo, um numero significativo de equinos (n=49/87)
apresentou pontos de acupuntura sensiveis indicando sindromes dolorosas
descritas no diagnéstico por acupuntura e relacionadas a coluna toracolombar ou
membros posteriores, o que reduziu em M1(n=16/87). Em conclusao, o tratamento
odontoldgico resultou em redugdo da dor, modificando a expressdo facial dos
cavalos e reduzindo o numero de pontos de acupuntura sensiveis a palpacdo ou
pressao. A integragao do exame pela palpagao/pressao de pontos de acupuntura e a
avaliagao da dor utilizando a HGS, no exame de rotina dos equinos, pode ser util na
avaliacao clinica geral e especifica odontolégica, e especialmente para o
acompanhamento apdés o tratamento odontolégico, bem como auxiliou para
demonstrar a influéncia de alteragcbes na cavidade oral sobre o sistema
musculoesquelético.

Palavras-chave: Acupuntura; Bem-estar; Desordens odontoldgicas; Equinos;

Expressao facial.

ABSTRACT

Dental disorders are frequent in equines and can cause discomfort and chronic pain,
affecting horses' welfare and athletic performance. However, these disorders may not
be manifested with recognizable clinical signs, leading to late diagnosis and care.
This fact predisposes horses with dental disorders to develop other disorders, such
as gastrointestinal diseases or painful conditions in the rest of the body. The present
study aimed to evaluate the influence of oral health on pain expression and equine
acupuncture examination. Pain was assessed by the equine facial expression using
the horse grimace scale (HGS). Were evaluated 87 adult horses, both males and
females, that were regularly involved in sports or working activities. Initially, pain was
scored in direct physical presence (in loco) by the investigator. At the same time, the
horses’ faces were photographed for further analysis. For the first 33 animals the
photographic evaluation was performed by seven evaluators, three trained in the use
of HGS, and unaware of the study and condition of each animal and four equine
veterinarians not trained in the use of the scale. For the remaining 54 horses the
photographic evaluation was performed by only one evaluator trained in the use of
HGS, who unaware of the study and condition of each animal. The acupuncture test
was always performed by the same evaluator, who evaluated the palpation sensitivity
of the acupoints. This was initiated with finger pressure on the temporomandibular
joint and adjacent regions, followed by sensitivity test of the acupuncture points in the
meridian paths. The animals were evaluated before (TO) and 15 days after the
evaluation and dental treatment (T1). All 87 equines studied had some dental
disorders and, despite dental alterations, all presented parameters of general
physical examination within normal for the species and remained in the sports or
work activity throughout the study. A significant agreement in the pain scores was
observed among all the evaluators trained in the used of HGS (direct physical
examination and from horses’ photographs), with a strong and significant intra-class
correlation coefficient (ICC = 0.86). However, there was no complete agreement
among untrained veterinary evaluators, and between these and the evaluators who
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used the HGS. After dental treatment, there was a significant decrease in both the
number of reactive acupuncture points (11,2 £ 5,6 vs. 4 £ 2,9 points) and pain score.
This went from 3 (0-10) to a median score of 1 (0-6). In addition, there was a
reduction of the owners' complaints regarding the masticatory process and the quality
of work. Some reactive acupuncture points in animals with dental disorders
significantly reduced after treatment. With emphasis on Dental point (44 vs. 4),
Stomach (ST) -7 (31 vs. 3), Triple Heater (TH) -17 (27 vs. 4) and TH-16 (22 vs. 4),
showing that the acupuncture exam can help in the diagnosis of dental alterations
and, mainly, help in determining the success of dental treatment. It was noted a
positive relationship between the presence of ulcers in the oral mucosa and pain
scores, the number of reactive acupuncture points and the quality of work. The
presence of hooks/ramps influenced masticatory quality of animals and the presence
of wolf teeth did not affect any of the studied parameters. Finally, it was observed
that in TO, although they did not present lameness, a significant number of horses
(n=49/87) presented sensitive acupuncture points that indicated painful syndromes in
the thoracolumbar spine or hind limbs, which reduced in T1 (16/87). In conclusion,
the dental treatment resulted in reduction of pain, changing the facial expression of
the horses and reduced the number of acupuncture points sensitive to palpation or
pressure. The integration of acupuncture point palpation/pressure examination and
pain assessment using HGS in equine routine examination may be useful in general
and specific dental clinical evaluation, and especially for follow-up after dental
treatment, as well as assisting to demonstrate the influence of changes in the oral
cavity on the musculoskeletal system.

Keywords: Acupuncture; Dental disorders; Equine; Facial expression; Welfare.



CAPITULO 1 - INTRODUGAO E CONTEXTUALIZACAO

A equideocultura € um setor de grande importancia econémica no Brasil.
A atividade movimenta anualmente cerca de R$ 16,15 bilhdes e gera
aproximadamente 610 mil empregos diretos e 2.230 mil empregos indiretos. O
pais possui uma tropa superior a 5 milhdes de cavalos (MAPA, 2016). O cavalo
€ um animal que se destaca tanto em atividades de trabalho quanto esporte e
lazer, e os investimentos nestes animais podem atingir altos valores (Lima et
al., 2006). Consequentemente a selegdo, a domesticagdo e o confinamento
destes animais passaram a ser realizados de forma cada vez mais intensa,
acarretando em modificacbes dos padroes alimentares e comportamentais,
comprometendo assim a formagdo dentaria e culminando em uma série de
afeccbes odontoldgicas (Dixon et al., 2007; Easley et al, 2011; Amaya et al.,
2012). Tais afecgdes sao consideradas a terceira causa mais comum de
disturbios dentro da clinica equina nos EUA e estdo habitualmente associadas
a alteragbes do padrdao mastigatorio, disfagia, perda de peso e disturbios
gastrointestinais (Galloway e Easley, 2008; Ardila e Montoya, 2009; Amaya et
al.,2012; Dixon, 2017). Nos animais atletas pode ocorrer ainda incomodo com
a embocadura e relutancia com agressividade durante a doma (Easley et
al.,2011; Jiménez e Diaz, 2011).

De acordo com a medicina veterinaria ocidental, o diagnostico das
alteragdes odontoldgicas se da através da realizagdo de um exame detalhado
que comecga antes da avaliacdo direta da cavidade oral do cavalo, com a
inspecdo e palpacdo da cabega, além da verificagdo da mobilidade da
mandibula (Speirs, 1999; Pence, 2002; Easley et al., 2011).

Através deste exame €& possivel diagnosticar e tratar as principais
alteragdes odontolégicas dos equinos. No entanto nem todos os equinos
apresentam sinais de desconforto na cavidade oral de forma clara, e a
odontologia equina € ainda muitas vezes negligenciada, levando muitos
cavalos a sofrerem sem um diagnéstico preciso (Ashley et al., 2005; Brigham e
Duncanson, 2010a, 2010b; Amaya et al., 2012; Alencar-Araripe et al., 2013).
Animais que ndo sado precocemente diagnosticados com alteragdes
odontologicas podem inclusive apresentar alteragdes mais graves em outros

sistemas, incluindo o sistema musculoesquelético, resultando em queda de



desempenho ou até claudicagdes (Stashak e Hill, 2006; Du Toit et al., 2008;
Galloway e Easley, 2008; May, 2008; Easley et al., 2011; Cain, 2015).

Neste contexto, a medicina veterinaria tradicional chinesa (MVTC) surge
como mais uma opg¢ao, tanto para o diagnéstico quanto para o tratamento das
doengas em equinos, além de servir como parametro para avaliagao geral do
bem-estar animal (Fleming, 2006; Shmalberg e Xie, 2009; Michelotto et al.,
2014; Pellegrini et al., 2018).

Dentre as diferentes técnicas diagnésticas da MVTC, a verificagdo de
sensibilidade em pontos de acupuntura tem sido proposta como método pratico
e eficiente, podendo auxiliar no diagnostico de diferentes afecgdes nos equinos
(Fleming, 2006; Shmalberg e Xie, 2009; Cain, 2015).

Este exame tem como base a observacdo da resposta dos animais a
palpacdo dos meridianos e a pressao em pontos de acupuntura especificos
(McCormick, 1997; McCormick, 1998; Schoen, 2000; Fleming, 2006;
Shmalberg et al. Xie, 2009). A combinacdo de um conjunto de acupontos
sensiveis a essa pressao permite determinar o diagndstico de algumas
condig¢des dolorosas ou sindromes (Angeli et al., 2007; Michelotto et al., 2007,
Angeli et al., 2008; Xie e Preast, 2011; Alfaro, 2014; Cain, 2015).

Alguns pontos de acupuntura sao citados como pontos diagndsticos para
alteragdes da articulagado temporomandibular (ATM) ou dor na area da cabeca
e boca (Fleming, 2006; Xie e Preast, 2011; Cain, 2015), entretanto, ndo ha
estudos direcionados especificamente para o diagnodstico das afecgdes
odontoldgicas de equinos e suas complicagdes.

O correto e precoce reconhecimento da dor € outro fator que pode auxiliar
na avaliacdo da saude e bem estar dos equinos, o que, no entanto, nem
sempre é claro uma vez que na presenca de possiveis predadores, no caso 0s
seres humanos, os cavalos podem suprimir os sinais obvios de dor (Ashley,
2005; Dalla Costa et al., 2014).

Atualmente estdo sendo descritas algumas formas de reconhecimento da
dor em equinos além da rotineira avaliacdo dos sinais vitais, entre elas
destacam-se as observagdes de discretas alteragdes na expressao facial como
as descritas por Dalla Costa et al. (2014) na Horse Grimace Scale (HGS). No
entanto, escores pré e pos-tratamento odontolégico para a expresséao facial em

diferentes alteracdes dentarias ndo foram relatados.
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Neste contexto, consideramos a hipotese de que as alteracbes
odontoldgicas influenciam o bem-estar equino, e isso pode ser avaliado pelo
escore de dor determinado pela analise da expressao facial e pela resposta ao
exame diagnédsticos de pressao de acupontos. Além disso, este estudo teve
como objetivo determinar se ha concordancia na determinagdo da dor entre
avaliacdo face a face e avaliagdo utilizando fotografias da face dos cavalos
com alteragdes odontologicas. Por fim, avaliou-se a confiabilidade da
acupuntura como método diagndstico para afecgbes odontolégicas e suas

possiveis complicacoes.

1.1. Principais alteragées odontoldgicas de equinos.

As afeccgbes da cavidade oral podem ser de origem genética ou adquirida.
Dentre as principais afec¢gdes odontolégicas adquiridas dos equinos pode-se
citar inicialmente a presencga de pontas excessivas de esmalte dentario (PEED)
(Easley et al., 2011; Dixon, 2017). A presenca de PEED é considerada a
alteracao odontolégica mais frequente em equinos, com uma prevaléncia de 70
a 90% em equinos domesticados (Dixon et al., 2000). Estas alteragbes
acometem mais frequentemente equinos de até 9 anos de idade devido a
rizogénese dos dentes permanentes (Dixon e Dacre, 2005; Pagliosa et al.,
2006). As PEED ocorrem quando a excursao lateral da mandibula esta
diminuida, fazendo com que o ciclo da mastigacdo nao se complete e néo
atinja a extremidade lateral da superficie oclusal dos pré-molares e molares de
um dos lados. Isto pode ocorrer devido a diferentes fatores como dor, tipo de
alimentacao, ou por fatores anatébmicos, quando, por exemplo, a mandibula é
muito estreita. Como a erupcao dentaria em equinos € continua, esta situacao
resulta na formagao das PEED nos locais onde o desgaste ndo esta ocorrendo
(Johnson e Porter, 2006b). Na arcada superior estas pontas apresentam-se em
diregdo a face bucal e na arcada inferior ocorrem em diregdo a face lingual
(Easley et al., 2011; Dixon, 2017).

A presenca das PEED geralmente é relatada como responsavel por dor
ou desconforto durante a mastigagao ou o trabalho. Além disso, pode levar a
ulceracdo da mucosa vestibular ou lingual (localizada ou difusa, aumentando a
dor na cavidade oral e resultando em perda de peso e problemas de

treinamento (Dixon et al., 1999; Dixon e Dacre, 2005; Easley et al., 2011). As
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PEED podem causar ainda mudanga na biomecanica mastigatoria tornando-a
deficiente, com trituracdo insuficiente dos alimentos e consequentemente
diminuicdo da produgédo de saliva, o que pode afetar a digestibilidade dos
alimentos (Johnson e Porter, 2006b; Pagliosa et al., 2006).

Desta forma, a remocgao das PEED é sempre recomendada (Easley et al.,
2011), se negligenciadas, estas podem eventualmente envolver toda a
superficie oclusal (boca de cisalhamento), condicdo relatada como
extremamente dolorosa (Dixon, 2000; Dixon e Dacre, 2005).

A distrofia Eruptiva do Primeiro pré-molar é outra condi¢cao frequente nos
equinos, mais conhecido por presenga do dente de lobo. A literatura disponivel
sugere que os dentes de lobo maxilar sdo prevalentes (13-80% de prevaléncia
dependendo da raga estudada) e os dentes de lobo mandibular sdo muito raros
(Brigham e Duncanson, 2000a, 2000b; Dixon e Dacre, 2005; Ozanam et al.,
2005; Filho et al., 2014). Seu tamanho e forma sdo bastante variaveis e
geralmente sao facilmente visiveis, porém, quando inclusos (permanecem na
submucosa) pode haver a necessidade de uso de radiografia para localiza-los
(Dixon e Dacre, 2005; Velazquez, 2009; Filho et al., 2014). Os dentes de lobo
geralmente se posicionam 1-2 cm rostralmente ao segundo pré-molar,
localizagédo esta onde devem se posicionar os freios ou briddes, o que leva a
predisposicao de traumas podendo ocasionar desconforto e dor ao animal, que
consequentemente reagira com alteragcbes comportamentais (Dixon e Dacre,
2005; Scrutchfield, 2006; Dixon, 2017). A extragao € frequentemente indicada
nessa condigdo (Dixon e Dacre, 2005; Ozanam et al., 2005; Easley et al, 2011;
Filho et al., 2014).

Ganchos sao alteragdes resultantes do desgaste irregular dos dentes que
culminam na formagao de proje¢des dentarias terminais que ultrapassam mais
de 1/3 da superficie oclusal e que podem ferir a lingua e a mucosa das
bochechas, principalmente durante a mastigacao (Easley et al., 2011; Dixon,
2017). Os ganchos projetam-se além desta superficie, sendo quase que
exclusivamente uma morbidade que atinge o segundo pré-molar da arcada
superior e o terceiro molar da arcada inferior, os ganchos podem apresentar
grande projegdes e geralmente sdo bastante agucados. As rampas em

contrapartida sdo declives além da superficie oclusal que acometem os dentes



molares mandibulares, geralmente no segundo pré-molar e costumam ser mais
progressivas (Peters et al., 2006; Carmalt e Rach, 2013).

Os degraus, também sé&o resultantes de falhas de desgaste, neste caso a
falha gera uma variagao de comprimento em dentes adjacentes numa mesma
arcada. O crescimento deficiente, extragcdo, perda ou quebra de um dente
molar ou pré-molar, predispde a um sobrecrescimento do dente
correspondente na arcada oposta. Esta anormalidade progride levando a
restricdo do “esmagamento” dos alimentos, causando dor e prejudicando a
mecanica da mastigacao (Dixon e Dacre, 2005; Dixon 2017).

Ja as ondas ocorrem geralmente quando a erupgao dos dentes ocorre em
velocidades diferentes. A erupgdo depende da saude da membrana
periodental, ou seja, uma membrana infeccionada promove uma erupgao
retardada dos dentes, sendo este um dos principais causadores das ondas na
superficie oclusal (Dixon e Dacre, 2005). Na arcada inferior, as ondas se
caracterizam pela descida na zona do terceiro e quarto pré-molares, seguida
da elevacdo novamente na zona do primeiro molar, e entdo novamente pela
descida na area do segundo molar, subindo por ultimo ao nivel do terceiro
molar. Esta ondulagao verifica-se também na arcada superior, sendo oposta a
descrita para a arcada inferior (Dixon e Dacre, 2005). Tal alteracdo gera
dificuldade mastigatéria e consequentemente dor aos animais (Dixon e Dacre,
2005; Johnson e Porter, 2006b).

Dentre as desordens odontoldgicas dos equinos pode-se citar ainda a ma
oclusao dos incisivos, as quais podem ser de origem genética ou adquirida. O
braquignatismo e o prognatismo sdo ma oclusdes congénitas onde na primeira
0s incisivos superiores se sobrepdem aos inferiores e na segunda os incisivos
inferiores ultrapassam os superiores (Johnson e Porter, 2006a; Easley et al
2011). Outros desalinhamentos dos incisivos s&o as curvaturas, que podem ser
ventral, dorsal ou mordida em diagonal, estas segundo Johnson e Porter
(2006a), podem ter origem congénita ou adquirida. Quando adquiridas estao
relacionadas a alimentagcdo e aos habitos do animal. A curvatura ventral se
define pelo maior desenvolvimento dos incisivos laterais (cantos) da arcada
mandibular, do que seus correspondentes da arcada maxilar. Ja na curvatura
dorsal os incisivos laterais superiores se desenvolvem mais que os da

mandibula (Johnson e Porter, 2006a; Easley et al, 2011). Em caso de mordida
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em diagonal, um dos lados da arcada maxilar junto do lado contralateral da
arcada mandibular, apresentam os incisivos bem maiores que os outros, dando
uma superficie oclusal em diagonal (Peters et al., 2006).

Independente da ma oclusdo presente, estes desalinhamentos estdo
habitualmente associados a alteragdes do padrdo mastigatorio de outros
dentes, o que pode gerar graves desconfortos e, portanto aumenta a
importancia dos cuidados odontolégicos (Johnson e Porter, 2006b; Dixon,
2017).

Para finalizar € importante falar da periodontite ou doenca periodotal. O
periodonto inclui a gengiva, o ligamento periodontal, o osso alveolar e o
cemento. A doenga periodontal € uma doenga crbnica de origem bacteriana
que acomete estes tecidos, provocando a sua destruicdo e resultando
provavelmente na perda dos dentes afetados (Easley et al., 2011; Dixon, 2017).
A sua prevaléncia € maior na idade adulta, apresentando uma incidéncia de
60% em equinos acima dos 15 anos (Dixon e Dacre, 2005). O movimento de
mastigacao contribui para a manutencao de um periodonto saudavel. Situagdes
que limitem a mastigagcao, como as ja citada anteriormente, podem resultar em
doenga periodontal secundaria e destruicdo progressiva do ligamento
periodontal e osso alveolar, que resultam numa eventual perda do dente e
graves consequéncias para a saude e bem estar deste cavalo (Dixon e Dacre,
2005).

De forma geral todas estas alteragbes odontologicas podem gerar sinais
clinicos semelhantes e estes podem se apresentar de forma mais ou menos
clara. Alguns cavalos apresentam sinais leves, como lentiddo na mastigagao,
acumulo de alimentos na bochecha ou deixam cair alimentos parcialmente
mastigados da boca. Outros apresentam balango excessivo da cabega durante
a mastigacao, halitose e disfagia; perda de peso e disturbios gastrointestinais
podem ser observados em casos mais graves. Nos animais atletas ou mais
exigidos no trabalho existem ainda sinais de incbmodo com a embocadura,
com balanco excessivo da cabeca durante o exercicio, relutancia com
agressividade durante a doma e resisténcia a agcdo das rédeas. Estes
incbmodos podem alterar o padrdo de locomogdo dos animais e
consequentemente afetar o sistema musculo esquelético e o desempenho

atlético dos animais (Thomassian, 2005; Stashak e Hill, 2006; Jiménez e Diaz,
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2011; Amay et al., 2012). Segundo a visdo médica tradicional isso ocorre uma
vez que ao sentir o desconforto na boca, o equino pode balancar
excessivamente a cabeca, atira-la para tras ou trabalhar com sua cabeca e
pesco¢o em uma posicdo nao natural, o que afeta o movimento. Inicialmente
isso pode ser confundido com uma claudicacao e futuramente pode realmente
gerar uma alteracdo osteomuscular (Bennett, 2006; Stashak e Hill 2006).
Nestes casos, apesar da claudicagao realmente existir, € fundamental também
diagnosticar e tratar a desordem odontoldgica.

Apesar destes fatos, a odontologia equina é ainda muitas vezes
negligenciada na clinica equina e muitos cavalos sofrem sem diagnostico
relacionado com alteragdes dentarias (Easley et al., 2011; Dixon, 2017). Para
evitar tal cena faz-se necessario o exame rotineiro e detalhado da cavidade
oral dos equinos, sendo que 0 sucesso para uma boa avaliagdo odontoldgica
baseia-se inicialmente no conhecimento sobre os aspectos fundamentais da
anatomia e da morfologia oral, assim como da fisiologia da mastigagdo dos
cavalos. Desta forma ha uma melhor compreenséao dos processos patoldgicos
que podem acometer a cavidade oral dos equinos, o que permite entdo a
realizacdo de um exame odontologico confiavel (Ardila e Montoya, 2009;
Easley et al, 2011).

1.2. Exame odontolégico de equinos.

A realizagdo de um bom exame odontolégico deve, assim como o exame
clinico, seguir uma sequéncia légica, comegando pela anamnese. Em seguida
recomenda-se que a cabeca do animal seja inspecionada e palpada, antes de
qualquer tentativa de exame da cavidade oral o qual deve ser realizado com
auxilio de especulo oral e com o animal sedado (Speirs, 1999; Pence, 2002;
Dixon e Dacre, 2005).

A anamnese deve ser a mais completa possivel. Primeiramente, deve-se
recolher todos os dados do animal, seguido das informagdes sobre o alimento
que ele ingere incluindo o tipo, quantidade, local de fornecimento e até se
derruba o alimento na hora de comer, se estd emagrecendo ou n&o atinge
condicdo corporal satisfatéria. Questionar a casuistica de cdlicas, e também o

comportamento do cavalo, principalmente durante o exercicio, como balancar



da cabeca ou resisténcia ao freio. Episddios de claudicacdo também devem ser
investigados (Pence, 2002; Dixon e Dacre, 2005; Velazquez, 2009).

Durante a inspecédo deve-se observar a simetria, conformac¢do e formato
da cabeca. Observar, por exemplo, a presenca de inflamagao, abscessos e/ou
corrimentos nasais. Feito isto deve-se entdo passar para a palpacao pela
bochecha, analisar toda a regido da boca, da mandibula, da maxila, dos pré-
molares e molares na busca de zonas dolorosas. Os seios paranasais também
devem ser avaliados através de percussdo e o teste de desvio lateral da
mandibula deve ser realizado (Dixon e Dacre, 2005; Velazquez, 2009; Easley
et al., 2011).

Para a inspecdo da cavidade oral, deve-se utilizar um espéculo oral e
uma fonte luminosa, porém, se o animal ndo estiver sedado, o procedimento se
torna dificil e perigoso (Dixon, 2003; Dixon e Dacre, 2005; Velazquez, 2009).
Portanto, indica-se a realizacdo da sedagao, com uso de um alfa-2 agonistas,
como xilazina 10% ou detomidina 1% e em algumas ocasifes pode realizar a
associagao destes com um opidide, como butorfanol (Pence, 2002; Dixon,
2003; Dixon e Dacre, 2005). Neste momento, deve-se examinar além dos
dentes, a gengiva, a lingua e a mucosa vestibular, na busca de lesdes e
ulceragdes. Deve-se verificar o numero de dentes presentes, se sao deciduos
ou permanentes, mobilidade, sincronia das trocas dentarias, simetria dos
incisivos ou quaisquer outras alteragdes perceptiveis nos mesmos (Pence,
2002; Dixon, 2003; Dixon e Dacre, 2005; Velazquez, 2009).

Avalia-se também a presenca e quantidade de dentes de lobo, a presenca
de pontas excessivas de esmalte dentario nos pré-molares e molares, além de
outras alteracbes que possam estar presentes (Pence, 2002; Dixon, 2003;
Dixon e Dacre, 2005).

Uma vez identificadas todas as alteragdes, estas sdo anotadas em um

odontograma e entao se procede a corregao parcial ou total dos problemas.

1.3. Acupuntura - Introdugao e sua utilizagdo como método
diagnéstico em equinos.

A acupuntura é uma técnica desenvolvida ha mais de 5.000 anos no

oriente e que faz parte da medicina tradicional chinesa. O termo acupuntura

deriva dos radicais latinos acuse pungere, que significam agulha e puncionar.
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Na medicina veterinaria a acupuntura € descrita ha aproximadamente
3.000 anos, sendo que por volta de 650 anos a.C. foi escrito o Canon de
Medicina Veterinaria, por um general chamado Sun-Yang, o qual ficou
conhecido devido seu notavel trabalho com equinos, como “pai” da Medicina
Veterinaria Chinesa. Nesta época os cavalos recebiam mais atencido em
relacdo aos outros animais, ja que estes eram de grande utilidade nas guerras
e na agricultura. (Jagger e Robinson, 2006; Shmalberg e Xie, 2009). Fora da
Asia, entretanto, poucos sdo os relatos de acupuntura veterinaria até a década
de 1960, quando trés veterinarios europeus comecaram a estudar e trabalhar
neste campo de forma independente um dos outros, sendo considerados os
promotores do renascimento da acupuntura veterinaria no Ocidente. Desde
entdo, a acupuntura tem sido utilizada na medicina veterinaria para tratar uma
variedade de problemas (Jagger e Robinson, 2006). Esta técnica consiste,
portanto, na estimulacdo de pontos especificos do corpo chamados de
“acupontos” ou "pontos de acupuntura" com objetivo de atingir um efeito
terapéutico ou homeostatico (Jagger e Robinson, 2006; Schwartz, 2008;
Scognamillo-Szabd e Bechara, 2010).

Vale ressaltar, entretanto, que a aplicabilidade da acupuntura ndo se da
apenas durante a fase de tratamento, mas também tem papel importante no
diagndstico das diferentes afecgbes que podem acometer os equinos (Schoen,
2006). Para realizar avaliagdo diagndstica através da acupuntura os seguintes
métodos podem ser utilizados: o interrogatério, a audigdo, a observagéo e a
palpacao (Fleming, 2006; Schwartz, 2008; Shmalberg e Xie, 2009).

Os equinos respondem de forma bastante confidvel ao exame de
palpacdo dos meridianos e seus respectivos pontos de acupuntura (Fleming,
2006; Shmalberg e Xie, 2009). Este exame baseia-se na observacdo da
resposta dos animais a palpacdo dos trajetos dos meridianos e pressao dos
pontos de assentimento e costuma utilizar a teoria dos meridianos para
interpretar os achados e desta forma chegar aos possiveis diagndsticos
(McCormick, 1997; McCormicK, 1998; Schoen, 2006; Shmalberg e Xie, 2009).
Meridianos que apresentam em seu trajeto pontos de acupuntura
anormalmente reativos a pressdo sao considerados desequilibrados, e a
combinacdao de um conjunto de acupontos sensiveis a esta pressao permite

determinar o diagndstico de algumas condigbes especificas ou sindromes
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(Angelil et al., 2007; Micheloto et al., 2007; Angeli et al., 2008; Michelotto et
al.,2014; Cain, 2015).

Diferentes pesquisadores estudaram a relagdo entre os pontos de
acupuntura sensiveis a palpacdo em equinos e as diferentes afecgdes
apresentadas por estes. McCornick (1997) avaliou, através do exame de
palpacdo de pontos de acupuntura, 189 cavalos ja comprovadamente
diagnosticados como claudicantes devido alteragcdes distais dos membros
anteriores. Nestes animais ele conseguiu definir um padrdo de pontos reativos
que tinha correlagédo com as claudicagbes de membros anteriores com origem
na articulagcéo interfalageana proximal.

Em um estudo de caso-controle para deteccdo de infeccdo por
herpesvirus equino tipo 1, recente ou reativado (EHV-1) em cavalos com
desempenho diminuido, Chvala et. al (2004) demonstrou que todos os cavalos
do grupo infectado eram sensiveis a manipulagdo de todos os pontos de
acupuntura que se acredita estarem associados a infec¢gdes por EHV, o que
nao ocorreu nos animais do grupo controle.

Michelotto e colaboradores (2014), estudando 810 cavalos de diferentes
modalidades atléticas conseguiram mostrar que o exame de acupuntura €&
realmente util no diagndstico das sindromes envolvendo a articulagdo da
soldra.

Cain (2015) em seu livro Acupuncture Diagnosis and treatment of the
Equine descreve uma série de sindromes clinicas relacionadas a conjuntos de
pontos de acupuntura reativos a palpagao.

Entretanto, estas pesquisas dentro da odontologia equina e 0 que isso
representa na saude do cavalo como um todo, ainda sao escassas. A literatura
cita que animais com alteragdes odontologicas tendem a apresentar reatividade
em alguns acupontos localizados na regido da cabeca (Figura 1).
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Figura 1: Acupontos localizados na regido da cabega e pescogo de
equinos (Schoen, 2006).

Equinos com alteragbes na articulagdo temporomandibular (ATM), por
exemplo, tendem a apresentar desequilibrio e dor nos pontos Estémago (E)-7,
Vesicula Biliar (VB)-1, Triplo aquecedor (TA)-16 e 17 e Intestino Delgado (ID)-
10. Ja para a presenca de pontas excessivas de esmalte espera-se reacao nos
pontos VB-20 e Bexiga (B)-10 (Schoen, 2006; May,2008; Shmalberg e Xie,
2009). Além disso, Cain (2015) cita que sensibilidade em um ponto localizado
no tendao entre o atlas e o 0sso ociptal, logo atras da base da orelha, seja

indicativa de problemas odontolégicos de forma geral (Figura 2).
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Dental Point

Figura 2: Ponto descrito por Cain (2015) para diagndstico de desordens

odontoldgicas.

Sabendo-se também que todos os meridianos da cabeca e pescoco sao
meridianos Yang e que passam na regido da maxila, mandibula ou ATM
(Schoen, 2006; Shmalberg e Xie, 2009), ha de se esperar que animais com
alteracgdes odontoldgicas possam apresentar, ao longo do tempo, problemas no
trajeto destes meridianos (Cain, 2015).

Desta forma, assim como na medicina ocidental, a MVTC reconhece que
a saude da cavidade oral, com especial atencdo para a articulacdo
temporomandibular e alteracdes dentarias, tem um importante papel na saude
do equino como um todo (Fleming, 2006; May, 2008).

Atualmente sabe-se que o tratamento dentario melhora a postura da
cabeca durante o trabalho o que influencia de forma consistente na
biomecanica e consequentemente no sistema musculo esquelético e no
desempenho de um cavalo atleta (Bennett, 2006; Fleming, 2006; Stashak e Hill,
2006, May, 2008). Cain (2015) ainda cita ter observado que muitos animais
com claudicagao originada na regido de soldra e jarrete apresentaram melhora
significativa apos receberem tratamento odontoldgico. Desta forma, o
reconhecimento e alivio da dor na cavidade oral sdo fundamentais tanto para o
bem-estar quanto para o melhor desempenho dos animais.

Neste contexto, a palpacéo diagndstica de acupontos pode ser utilizada
de forma integrada ao exame rotineiro dos equinos, este uso combinado é

denominado medicina integrativa. Acredita-se que através da medicina
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integrativa € possivel diagnosticar alteragdes sutis ou em estagio inicial que
seriam dificilmente diagnosticadas apenas pela medicina ocidental (Schoen,
2006; Michelotto et al., 2007; May, 2008).

1.4. Identificagdes da dor em equinos.

A dor é uma parte essencial da vida cotidiana e €& considerada
inicialmente necessaria e util nas diferentes espécies para que estas possam
sobreviver em um ambiente potencialmente hostil (de Grauw e van Loon, 2016;
Guedes, 2017). Os seres humanos sao capazes de relatar objetivamente se a
dor esta presente ou ndo, o que é facilmente entendido por outro humano
verbalmente capaz. Este pode ainda oferecer detalhes da magnitude, duragao
e caracteristicas da experiéncia da dor (Guedes, 2017).

Na pratica veterinaria, entretanto, a identificacdo da dor € um desafio, e
quando néo identificada e tratada, gera estresse e compromete o desempenho
e bem-estar dos animais (de Grauw e van Loon, 2016; Guedes, 2017).

O reconhecimento e a quantificacdo precisos da dor nos cavalos sao
fundamentais tanto para o diagndstico quanto para o estabelecimento de
tratamento adequado, mas isso nem sempre € simples, uma vez que 0s
cavalos tendem a demonstrar a dor de forma mais discreta como uma atitude
de preservagao da espécie (Ashley et al., 2005; Dalla Costa et al., 2014; de
Grauw e Van Loon, 2016).

Observagdes de comportamento/postura, juntamente com a avaliagao de
parametros fisiologicos, sdo a base para avaliagdo da dor na espécie equina
(Guedes, 2017). Contudo, é importante reconhecer que receitas exatas para
avaliagao da dor ndo existem. de Grauw e Van Loon (2016), em uma analise
dos diferentes estudos envolvendo a identificagcdo da dor em equinos, notaram
que uma ferramenta ou sistema de avaliacdo de dor pode nao funcionar tao
bem para os diferentes tipos de dor (dor visceral ou somatica, aguda ou
cronica, dor nociceptiva, inflamatéria ou dor neuropatica).

Atualmente ndo ha um "padrao ouro" para avaliagao da dor em cavalos,
mas uma gama de modelos de identificagdo sistematica da dor foram descritos
para uma variedade de condicbes dolorosas. Dentre os métodos para a
avaliacao sistematica da dor em cavalos estao: avaliacdo dos parametros vitais

(frequéncia cardiaca, frequéncia respiratoria) (Price et al., 2003; Pritchett et al.,
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2003; Rietmann et al., 2004), avaliagdo comportamental (Rietmann et al., 2004;
Bussiéres et al., 2008), medidas enddcrinas (Pritchett et al., 2003; Rietmann et
al., 2004) e avaliagao da expressao facial (Dalla Costa et al., 2014; Gleerup et
al. , 2015; Wathan et al., 2015; de Grauw e van Loon, 2016; van Dierendonck e
van Loon, 2016; van Loon e van Dierendonck, 2017).

Nos ultimos anos, escalas de dor com base nas alteracdes da expressao
facial foram desenvolvidas para humanos e outras espécies, ganhando
destaque na medicina equina, uma vez que provou ser uma ferramenta
sensivel, de facil aplicacdo com pouco investimento de tempo e treinamento e
alta confiabilidade dentro e entre observadores (de Grauw e van Loon, 2016).

Para a elaboracao da escalas de dor baseadas na expressao facial, como
€ o0 caso da “Horse Grimace scale”, varias caracteristicas faciais
consistentemente associadas a dor foram validadas (de Grauw e van Loon,
2016; Dalla Costa et al., 2014). Dala Costa e colaboradores (2014) utilizam seis
caracteristicas faciais para determinar o grau de dor nos equinos, sendo elas: o
posicionamento das orelhas, compressao dos olhos, tensdo muscular acima da
area dos olhos, tensdo dos musculos faciais, retracido dos labios e tensdo ao
redor das narinas. Cada caracteristica deve ser classificada como ausente (0),
levemente aparente (1) ou evidentemente presente (2). Desta forma, o animal
podera receber um escore de dor que pode variar de zero (auséncia de dor) a
doze (dor evidente).

Este método mostrou-se eficaz para a identificacdo da dor em equinos
apos o procedimento de castragcdo (Dalla Costa et al., 2014). Gleerupe et al.
(2015) avaliaram a expressao facial de equinos apds a indugdo de dor aguda
por dois estimulos nocivos, um torniquete no ante-braco e aplicacao tépica de
capsaicina. Em seu estudo, uma “face dolorosa” foi observada durante a
inducdo de dor aguda, que incluiu orelhas “baixas” e/ou “assimétricas”, uma
aparéncia angulosa dos olhos, um olhar retraido e/ou tenso, narinas dilatadas,
tensdo dos labios e queixo e tensdo dos musculos faciais. O estudo de van
Dierendonck e van Loon (2016) avaliou a dor em equinos com colica aguda
tanto através da expresséao facial quanto das alteragbes comportamentais. Os
autores verificaram que ambas as formas de avaliagdo mostraram diferencas
estatisticamente significativas entre equinos com dor abdominal e os controles

saudaveis e entre equinos com codlicas que poderiam ser tratados de forma
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conservadora e aqueles que necessitavam de tratamento cirirgico ou eram
sacrificados. Além disso, a avaliacdo da expressao facial também foi confiavel
para a determinacdo da dor em cavalos com dor aguda e pos-operatoria
oriunda de cirurgias localizadas na cabecga, incluindo dor dentaria, dor ocular ou
dor decorrente de traumatismo craniano (van Loon e van Dierendonck, 2017).
No entanto, nenhum estudo relatou a eficacia do uso da HGS para dor
originada especificamente de alteragdes odontoldégicas em equinos ou pré e

pos-tratamento odontoldgico.
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2. OBJETIVOS

2.1. Objetivo Geral

Estudar as modificagées resultantes dos problemas odontoldgicos e do
tratamento odontolégico no bem-estar de equinos através de avaliagao de dor
e da avaliag&o diagnostica por acupuntura.

2.2. Objetivos Especificos

* Avaliar a influéncia dos problemas odontolégicos no bem-estar dos
equinos.

* Avaliar a sensibilidade e a especificidade da avaliagdo diagndstica por
acupuntura para afecgdes odontolégicas em equinos.

+ Avaliar a influéncia da saude da cavidade oral sobre a saude do sistema
musculoesquelético de equinos através do exame por acupuntura.

* Avaliar a aplicabilidade do método de avaliacdo de dor pela observacao

da expressao facial em equinos com desordens odontologicas.
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3. HIPOTESES

HO: Alteragdes da cavidade oral ndo interferem no bem-estar ou na saude
do sistema musculoesquelético em equinos, ndo modificando a expressao
facial deste ou o exame clinico por acupuntura.

H1:. Cavalos que apresentam alteracbes da cavidade oral apresentam
maior escore de dor determinado pela avaliagao da expressao facial.

H2: Alteracbes da cavidade oral influenciam o exame clinico por
acupuntura, predispondo os animais a desenvolverem disturbios no sistema

musculoesquelético
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ABSTRACT

Dental disorders can cause discomfort and chronic pain, affecting the athletic performance and
welfare of the horses. However, dental disorders may not be manifested with recognizable
clinical signs and may, therefore, lead to late diagnosis or care. The present study aimed to
evaluate the effect of dental disorders on equine welfare by analyzing the equine facial
expression using the Horse Grimace Scale (HGS). Six different facial characteristics (ears held
stiffly backwards, tension above the eye area, orbital tightening, prominently strained chewing
muscle, mouth strained with pronounced chin, and strained nostrils with flattening of the
profile) were evaluated in 33 adult horses, both males and females, that were regularly involved
in sports or working activities. The animals had not received dental treatment for at least 6
months and were investigated using HGS, minutes before diagnosis and 15 days after the
odontological treatment. Initially, pain was scored in direct physical presence (in loco) by the
investigator. At the same time, the horses’ faces were photographed for further analysis by three
evaluators trained in the use of horse grimace scale, and unaware of the study and condition of
each animal. Additionally, four other equine veterinarians, not trained in the use of HGS,
evaluated the same photographs subjectively, scoring 0 for no pain, 1 for mild pain, 2 for
moderate pain, and 3 for severe pain, based on their professional experience. A significant
agreement in the pain scores (p < 0.05) (Kappa test) was observed among all the evaluators who
used the HGS (direct physical examination and from horses’ photographs), with a strong and
significant intra-class correlation coefficient (0.86; p < 0.05). However, there was no agreement
among the veterinarian evaluators who used the subjective scale. In comparison with that before
treatment, the pain score significantly decreased after dental treatment, as evaluated by the
trained veterinarians (p < 0.05). While two of the subjective evaluators identified an
improvement, the other two did not. In conclusion, dental disorders result in discomfort or pain
and modify the facial expression of the horses. The HGS is reliable for the identification and
quantification of pain associated with dental disorders either by face-to-face evaluation or by
evaluation of photographs. However, the same photographs are not suitable for subjective

evaluation.
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1. Introduction

Accurate recognition and adequate quantification of pain in horses is essential for the
correct diagnosis and management of different painful conditions (de Grauw and van Loon,
2016). Diverse models of systematic identification of pain have been described for many
conditions in horses using vital parameters (heart rate, respiratory rate) (Price et al., 2003;
Pritchett et al., 2003; Rietmann et al., 2004), behavioral evaluation (Rietmann et al., 2004;
Bussicres et al., 2008), endocrine measurements (Pritchett et al., 2003; Rietmann et al., 2004),
and facial expression (Dalla Costa et al., 2014; Gleerup et al., 2015; Wathan et al., 2015; de
Grauw and van Loon, 2016; van Dierendonck and van Loon, 2016; van Loon and van
Dierendonck, 2017). Pain scales based on facial expression changes have been developed for
humans and other species, gaining prominence in equine medicine since it proved to be a
sensitive tool that is easy to apply with a little investment of time and training, and high
reliability within and between observers (de Grauw and van Loon, 2016).

The Horse Grimace Scale (HGS) was described as a pain coding system evaluating six
different characteristics of equine facial expression (ears held stiffly backwards, tension above
the eye area, orbital tightening, prominent and strained chewing muscle, mouth strained with
pronounced chin, and strained nostrils with flattening of the profile). This method proved to be
effective for the identification of pain in horses after the castration procedure (Dalla Costa et al.,
2014). Gleerupe et al. (2015) evaluated pain behaviour in horses after the induction of acute
pain by two noxious stimuli, a tourniquet on the antebrachium and topical application of
capsaicin. In their study they decribed in detail the existence of an equine pain face. The
“painful face” was observed during the induction of acute pain, and included “low” and/or
“asymmetrical” ears, an angulated appearance of the eyes, a withdrawn and/or tense stare,
mediolaterally dilated nostrils, and tension of the lips, chin, and certain facial muscles. The
study by van Dierendonck and van Loon (2016) validated the use of pain assessment by facial
expression and by behavioral evaluation for identification and quantification of pain in horses
with acute colic. The authors found that both forms of evaluation showed statistically significant

differences between horses with colic and healthy control horses and between horses with colic
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that could be treated conservatively and those that required surgical treatment or were
euthanized. In addition, the evaluation of facial expression was also reliable for pain
determination in horses with acute and postoperative pain originating from the head, including
dental pain, ocular pain, or pain due to trauma to the skull (van Loon and van Dierendonck,
2017). However, no study has reported the efficacy of the use of the facial pain scale for pain
originating specifically from dental disorders in horses.

The presence of cheek teeth enamel overgrowth or excessive enamel points (EEP) is a
common odontological condition in horses that can lead to pain or discomfort during
mastication or work. The EEP is considered to be the most frequent dental disorder in horses
with a prevalence of 70-90% in domesticated horses (Dixon et al., 2000). Moreover, it may lead
to oral (localized or diffuse) soft tissue ulceration, oral pain leading to quidding and weight loss,
and training problems (Dixon et al., 1999; Dixon, 2000; Dixon and Dacre, 2005; Pagliosa et al.,
2006; Easley and Dixon, 2010). Removal of the dental overgrowths is recommended (Dixon,
2000). If neglected, they can eventually involve the entire occlusal surface (shear mouth)
leading to increased oral pain (Dixon, 2000; Dixon and Dacre, 2005). Another very common
dental disorder is the presence of the first premolar (wolf's teeth). The available literature
suggests that maxillary wolf teeth are prevalent (13—-80% prevalence depending on the breed
studied) and mandibular wolf teeth are very rare (Brigham and Duncanson, 2010a, 2010b;
Dixon and Dacre, 2005; Filho et al., 2014; Hole, 2016; Ozanam et al., 2005). The wolf's teeth,
when present, can occur bilaterally or unilaterally, and is blamed for the oral discomfort and
behavioral and training problems due to bite interference. Extraction is often indicated in this
condition (Dixon and Dacre, 2005; Ozanam et al., 2005; Easley and Dixon, 2010; Filho et al.,
2014). The retention of deciduous teeth (incisor or cheek teeth), disparity in the length of the
cheek teeth rows, diastema, periodontitis, as well as changes resulting from focal dental
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overgrowths (colloquially termed ‘‘hooks’’, “‘steps’’, and ‘‘ramps’’) can also result
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in oral discomfort, and must be corrected (Dixon and Dacre, 2005; Easley and Dixon, 2010;
Cruz Amaya et al., 2012).

Even though it is accepted that these dental disorders may lead to different levels of
discomfort and pain, they may not be manifested with apparent clinical signs, and horses could
experience dental disorders without receiving an early diagnosis or accurate care (Dixon and
Dacre, 2005; Brigham and Duncanson, 2010a, 2010b; Cruz Amaya et al., 2012; Alencar-
Araripe et al., 2013). Furthermore, the pre and post-treatment scores for the facial expression in
different dental disorders have not been reported. In this context, we considered the hypothesis
that dental disorders influence the equine well-being, and this can be evaluated using the pain
score determined by facial expression analysis, with reproducible and reliable results being
obtained for different observers. Thus, this study aimed to investigate the changes in the horses’
facial expressions due to dental disorders, determine whether there is an agreement in pain
determination between face-to-face evaluation and evaluation using photographs of the horses’
face, and to compare the two types of facial expression evaluators, namely, evaluators with

HGS training and those performing subjective evaluation.

2. Material and methods

2.1 Type of study and ethical aspects

The present study is a cohort study and was approved by the Ethics Committee on the
Animal Use of the Pontificia Universidade Catolica do Parana - PUCPR under the registration

number 01083/2016.

2.2. Animals and study design

A total of 33 adult horses (16 Quater Horse, 16 Crioullo, and one Arabian) aged
between 2.5 and 14.0 years (4.9 £ 3.3), from Guarapuava city, located at center-south region of
the Parana State, Brazil, were used. There were 13 males and 20 females, regularly involved in
sports activities, like barrel racing or calf roping (n = 28), working cow horse (n = 4), or use in
equine therapy (n = 1). A general physical examination was performed assessing vital
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parameters (heart rate and respiratory rate) and owners and trainers responsible for the horses

were asked about any complaints related to health problems in their horses. Horses under any

clinical care, those who develop any clinical condition throughout the study period, those who
received dental treatment in the previous six months, and those who could not be reevaluated

for the study purpose, resulting in a sample size of 33 horses investigated in the present study.

The animals were investigated in their habitual environment, and without changes in
their routines. For the HGS evaluation on the day of evaluation, the researcher entered the
animal’s stable, remained quiet for approximately 10 minutes for setting up, and only then did
the evaluation in physical presence (P) alone. During the examination, the researcher stood
approximately 1 m away from the horse, in silence, not facing them, and behaving and as
neutrally as possible. The horses were then monitored for signs of pain using the HGS scale
(Dalla Costa et al., 2014) for a period of one minute. This evaluation was performed by the
same researcher for all the horses throughout the study. Six facial characteristics were
investigated: ears held stiffly backwards, orbital tightening, tension above the eye area,
prominently strained chewing muscles, mouth strained with pronounced chin, and strained
nostrils with flattening of the profile. Each facial characteristic was scored using a 3-point scale
(0= not present, 1= moderately present, 2= obviously present), resulting in the maximum
possible HGS score of 12 (Figure 1).

After direct observation, the horses’ faces were photographed in the lateral position
under natural light, at an approximate distance of 1.0 m from the animal. A 12-megapixel
camera of the Motorola Moto Z3 Play mobile phone was used to obtain the photos, resulting in
photos with a resolution of 4032 x 3024 pixels. These photographs were used for the analysis
performed by other evaluators who were unaware of the condition of each animal.

A general physical examination was performed to evaluate the heart and respiratory
rates, followed by a specific examination of the oral cavity by the same presential (P)

investigator (veterinarian with experience in equine dentistry).
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characteristics. Each characteristics is scored according to whether it is not present (score of 0),

Ears held stiffly backwards.
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Figure 1. Horse Grimace Pain Scale with pictures for each of the six facial
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moderately present (score of 1) and obliviously present (score of 2) Adapted from the HGS

mobile app.

A complete dental examination was performed with detailed observation and external
and internal palpation of the oral cavity, including palpation of both hard (teeth and supporting
bones) and soft tissues (lips, cheeks, tongue, palate, gingiva, oral mucosa, salivary glands and
ducts, and muscles of mastication) (Easley and Dixon, 2010). The condition of the oral cavity
was recorded in an odontogram adapted from Easley and Dixon (2010). The animals then
received appropriate dental treatment directed towards each alteration detected. For this
purpose, the horses were sedated with detomidine (20 to 30 ug/kg IV, Syntec, Santana de
Parnaiba, SP, Brazil), and a full mouth speculum was used (full mouth speculum, Ortovet, Sdo
Paulo, SP, Brazil). Fifteen days after the treatment, the horses were re-evaluated in the same
environment by the same veterinarian to determine the new pain score using the same HGS

methodology, and photographs of the facial expressions were taken.

2.3. Facial expression pain assessed from the photographs

The horses’ photographs were analyzed by three additional veterinarians trained in the
routine use of HGS for at least one year (E1, E2, and E3), but not aware of the study and the
condition of the animals. The photographs were randomly arranged, and the evaluators did not
have any information regarding the oral clinical findings of the animals or the situation when
the images were obtained (pre or post-treatment).

In addition, four other equine veterinarians (V1, V2, V3, and V4) with professional
experience of at least 10 years, but not trained for HGS use, subjectively evaluated the same
images and scored the animals: 0 for no pain, 1 for mild pain, 2 for moderate pain, and 3 for
severe pain, analyzing the horses’ facial expression from the photographs, taking into account

their own experience in equine medicine.
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The total time in minutes taken by the evaluators to evaluate the 66 photos (33 pre and
33 post treatment photos) was registered, both by HGS trained and veterinarian evaluators, in

order to find the average evaluation time for each photo.

2.4. Statistical analysis
To compare the agreement between the evaluators, a Kappa test was used, and inter-
observer reliability was assessed using intra-class correlation coefficients (ICC). To obtain the
differences in pain score between before and after dental treatment, a (Wilcoxon test) was used.
These analyses were performed using the software IBM SPSS Statistics for Windows, Version

20.0 (IBM Corp, New York, USA). For all the analyses, p < 0.05 was considered significant.

3. Results

3.1 Animals

Even though all the 33 investigated horses were active, all of them presented at least
one type of dental disorder during the initial evaluation, with a maximum of five different
disorders in the same horse. Ninety-three percent of them (n = 31) presented with EEP, while
41.9% (n = 13) of the horses with EEP also revealed evidence of oral mucosal ulceration. The
second most frequent disorder was the presence of the first premolar, which was observed in

42.4% of the investigated animals (n = 14) (Table 1).

Table 1- Animals(An) described according to Breed (B) (Q: quarter horse; C: crioulo; A:
Arabian horse), age (year), oral disorders (OD) (EEP: excessive enamel tips; UM: ulceration of
the buccal mucosa; WT: wolf’s teeth; RD: retention of deciduous teeth; H: hook; R: Ramp; T:
tartar; P: periodontitis), and median pain score (Horse Grimace Scale, varying the score
possibilities between 0 to 12) of HGS trained veterinarians [(performed in the direct physical
presence (P) and from horses’ photographs (E1, E2, E3,)], before and 15 days after the

treatment of the disorders.
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Pre-treatment Post-treatment

An B Age OD HGS score HGS score
1 Q 140 R/H/T 2.0 (1-7) 1.0 (0-3)
2 Q 10.0 EEP/H/R/T 6.5 (3-10) 2.0 (2-8)
3 Cc 7.0 EEP/ WT/ UM 4.0 (4-4) 2.0 (1-5)
4 Q 7.0 EEP 4.0 (3-4) 0.0 (0-4)
5 Q 3.0 EEP/ WT/ UM 5.5 (5-6) 2.5 (0-3)
6 Q 3.0 EEP/ UM 2.0 (0-5) 0.0 (0-3)
7 C 4.0 EEP/ WT/ UM 7.5 (7-8) 3.0 (1-3)
8 C 50 EEP/ UM/ RD/ P 6.5 (2-10) 0.5 (0-2)
9 Q 8.0 EEP 4.5 (1-7) 4.0 (2-6)
10 Q 5.0 EEP/ UM 2.0 (2-5) 1.0 (1-3)
11 Q 3.0 EEP/ UM 5.0 (3-6) 1.5 (1-3)
EEP/ UM/ WT/ RD/
12 Q 45 P 6.5 (6-8) 2.5 (1-4)
13 Q 5.0 EEP 5.0 (1-6) 0.5 (0-2)
14 Q 25 EEP/UM/WT/RD 2.0 (0-3) 2.0 (0-4)
15 Q 25 WT/RD 1.5 (0-2) 0.0 (0-1)
16 Q 5.0 EEP/ WT 2.5 (1-3) 0.5 (0-3)
17 Q 3.5 EEP/RD 3.5(2-5) 2.5 (1-5)
18 C 3.0 EEP/ UM/ WT 1.5 (1-7) 1.0 (0-1)
19 C 6.0 EEP/ UM 8.0 (5-10) 3.5(2-5)
20 Q 5.0 EEP 5.5(2-5) 3.0 (1-7)
21 Q 6.0 EEP/ UM 4.0 (3-6) 0.0 (0-1)
22 C 25 EEP/ WT/RD 2.5(1-4) 0.5 (0-3)
23 C 3.0 EEP/ UM 4.5 (1-7) 1.0 (0-1)
24 C 25 WT/RD 3.0 (1-4) 2.0 (0-3)
25 A 16.0 EEP/H/R/T 5.5(0-9) 1.5 (0-4)
26 C 4.0 EEP 4.0 (4-4) 2.0 (0-3)
27 C 3.0 EEP/ WT/RD 4.0 (1-5) 2.5 (2-4)
28 C 20 EEP/ WT/H 2.5 (2-5) 1.5 (1-4)
29 Cc 20 EEP/ WT 2.0 (0-5) 1.5 (0-3)
30 Cc 20 EEP 2.0 (2-2) 0.0 (0-1)
31 C 20 EEP/ WT 1.5 (0-3) 0.0 (0-0)
32 Cc 7.0 EEP/ UM 2.0 (2-3) 0.5 (0-2)
33 C 25 EEP/ WT/RD 5.0 (4-7) 1.0 (0-1)

*Median HSG pre and post-treatment scores were calculated for each animal for the observations
by P, El, E2, and E3.

3.2. Pain evaluation

The in loco evaluation of pain using the HGS took 11 minutes on average, considering
the time for setting up (10 minutes) and the time for observation itself (1 minute). For the
evaluation of the photographs by HGS, the evaluators on an average took 1.7 +0.03 minutes per
photograph, and the subjective evaluation took 0.7 +£0.08 minutes on an average.
Positive agreement was found among all the evaluators who used the HGS, either in loco or

using the photographic evaluation (p < 0.043). Also, there was a strong and significant inter-
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observer reliability, with the intraclass correlation coefficient (ICC) of 0.86. The individual
features evaluated using the HGS also showed high ICC values, as follows: 0.78 for ears held
stiffly backwards, 0.75 for orbital tightening, 0.72 for tension above the eye area, 0.75 for
prominently strained chewing muscles, 0.75 for mouth strained with pronounced chin, and 0.75
for strained nostrils with flattening of the profile.

However, it is worth highlighting that the evaluation done in loco showed pain scores
that were always lower than the scores attributed by the photographic evaluators.

With regard to the subjective pain assessment, there was no complete agreement among

themselves nor with the evaluators who used HGS (P and E) (p > 0.05).

Table 2- Median pain score [minimum (min) and maximum (max) values] of 33 horses,
evaluated before and after dental treatment, using the Horse Grimace Scale (HGS), performed in
direct physical presence (P) and from the horses’ photographs by veterinarians trained in the
routine use of HGS (E1, E2, E3) and by equine veterinarians with professional experience of at

least 10 years, but not trained for HGS (V1, V2, V3 and V4).

Pre- treatment HGS  Post- treatment HGS

Evaluators p-value
score score

P 2 (0-7) 0 (0-2) <0.0001

E1l 4 (1-10) 1 (0-6) <0.0001
E2 4 (0-8) 2 (0-7) <0.0001
E3 4 (0-10) 3 (1-8) <0.0001

Vi 1 (0-3) 1 (0-3) 0.0400
V2 1 (0-3) 1 (0-3) 0.5850
V3 2 (0-3) 2 (0-3) 0.6000
V4 1 (0-3) 1 (0-2) 0.0010

The p values relate to pre and post treatment comparison (Wilcoxon test) for each evaluator.

The pain score observed on evaluation of the animals using the HGS was significantly
different before and after dental treatment for all evaluators (P and E) (p <0.05) (Figure 2 and
Table 2), with the animals presenting a lower post-treatment pain score than that presented at
the initial evaluation (Figure 3). In the subjective evaluation, two evaluators identified reduction

of pain post-treatment, and the other two did not.
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Figure 2: Pre and post-dental treatment median pain scores for 33 horses assigned by
each evaluator according to the Horse Grimace Scale (HGS) [(in direct physical presence (P)
and from photographs (E1, E2, E3)]. Different letters between treatments represent statistical

difference (p<0.0001).

Figure 3: Photograph of the same horse before dental treatment (A) and 15 days after
treatment. In image A, the animal had ears moderately held stiffly backwards, slightly stretched
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mouth with pronounced chin, and moderately stretched nostrils. In image B the animal has a
relaxed facial expression.

4. Discussion

In the present study, the objective of evaluating the feasibility of the HGS to identify
pain due to dental disorders was accomplished, thereby demonstrating that HGS is a reliable and
reproducible tool for this evaluation, as well as to follow-up on the improvement from
treatment. Moreover, using the HGS shows that dental disorders result in different levels of pain
or discomfort for horses, and this has not been clearly demonstrated before.

All the investigated animals were involved in some kind of sport or work activity,
which demonstrates that even those horses affected by dental disorders can continue to perform
athletic or work activities, and discomfort is not always perceived by owners or riders. In this
way, the necessity for more detailed observation of the animals during clinical examination is
demonstrated. The technique of HGS enables a better understanding of the more obvious
modifications of facial expression caused by dental disorders, and probably could be applied for
client education purposes for the identification of early signs of pain, in order to alert the
veterinarian for early diagnosis and treatment. This still must be investigated for validation.

The HGS has already been validated as an important and sensitive tool for clinical use
in pain identification, but had not been described for use in the case of dental disorders so far. In
the present study, the use of HGS, during examination of the horses and after horse-examiner
adaptation, demonstrated pain scores from 1.5 to 8 out of 12, demonstrating that different levels
of pain or discomfort can be identified by this method. Possibly, horses can adapt to different
problems in the oral cavity, thereby not clearly demonstrating signs of pain, however the use of

HGS was able to identify pain or discomfort as well as the improvement after treatment.

This study was conducted in a horse population in real life; hence, we encountered
certain difficulties. To overcome the bias in the present study due to the evaluator performing
the evaluation in direct physical presence, treatment, and reevaluation, we recruited blinded

HGS-trained evaluators and asked them to evaluate the photographs. Even though images
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cannot accurately reflect the potentially changeable nature of facial expressions, this has been
used in previous similar studies. Costa et al. (2016) reported a positive agreement in analyzing
the pain score in horses with laminitis using videos and images obtained from the videos,
showing that it is possible to analyze the level of pain of the patients using facial expressions
recorded in photographs. Special care is taken to record characteristics, like ears held stiffly
backwards and orbital tightening, during the acquisition of images. In the present study, there
was a positive agreement between the face—to-face evaluation and photographic evaluation. We
found that when HGS was used, an appropriate photograph can be reliably used for the

evaluation of facial expressions for pain determination.

The pain score attributed to the animals by the physically present evaluator was
always lower than that attributed by the evaluators assessing photographs. Dalla Costa et al.
(2014) and Costa et al. (2016) raised this point by citing that orbit compression can be
considered erroneous if the animal as it ‘blinks’, at the time of image acquisition. The same can
occur during the interpretation of positioning of the ears, as a feature of extreme importance,
since all species evaluated held their ears backwards when in pain, as observed by Guesgen et
al. (2016). However, if this positioning changes in the same moment as the image is captured,
the photographs may be erroneously interpreted. For this reason, Gleerup et al. (2015) cited the
observation of the pattern of movement of the ears as a parameter that must be analyzed face-to-
face, if possible, or by video analysis, but not by photographic analysis. In this study, special
attention was accorded to the photographs to ensure that they reflected exactly what was
observed on face-to-face analysis; hence, photographs with animal blinking or those in which
the animals were moving were avoided. Additionally, the presence of the horse halter
sometimes made it difficult to evaluate other characteristics, such as prominently strained
chewing muscles. Then, it might be interesting to further investigate which of the evaluated
characteristics could weight more on the facial expression evaluation. Moreover, involvement

with pre and post treatment live evaluation, as well as with buccal evaluation and treatment
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could have influenced for lower HGS scores; this is a limitation of the present study, however,
the correlation with the other HGS evaluators confirmed its veracity.

In the methodology described by Dalla Costa et al. (2014), photographs of the horses
were obtained by capturing images of the animals in twenty-minute videos that were produced
by cameras previously positioned in strategic points of the stall, so that the presence of the
observer did not influence recording of the pain score. In the present study, the animals were
observed face-to-face and the P himself recorded the photograph, taking care not to influence
the horses’ movements. In this case, the observer's time for setting up is of fundamental
importance since the horse could change its facial expression in the presence of something or
someone who it considers a threat (Costa et al., 2016). However, Gleerup et al., (2015) realized
that the horses did not seem to suppress the changes in facial expressions in the presence of the
observer, although they were less pronounced whenever the horses tried to interact with the
observer. For this reason, it is very important that the observer must not face the horse, and he
must behave as neutrally as possible.

However, subjective evaluation of the animals by veterinarians was not completely
effective, revealing that despite the professional experience of the veterinarians in working with
equines and their ability to identify an animal in distress, a subjective classification might not be
totally reliable for the quantification of pain. This highlights the importance of using a more
precise method, such as the HGS-based assessment.

Finally, the significant difference found in the horses evaluated using the HGS pre
and post-treatment indicated that, even in the absence of evident clinical signs, the
odontological alterations caused some degree of discomfort in the studied horses since they
began to present a more relaxed facial expression after the correction of the condition. It is
noteworthy that, although the pain score decreased after dental treatment, it was not zero in
many animals. Dalla Costa et al. (2014) and Gleerup et al. (2015) reported that even in a non-
painful state, horses may exhibit one or two facial features occasionally altered at a low level. In

addition, reevaluation of the oral cavity of the horses was not performed 15 days after treatment,
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so that some animals may not have complete healing of their lesions at this time, which could
still be reflected in the pain score.

In general, the present study adds to the importance of routine clinical evaluation of the
buccal cavity and dental care of horses, even in the absence of classic signs of discomfort. The
reduction in the pain score after treatment may reflect in the well-being of these animals.

5. Conclusions

It was concluded that different dental disorders result in pain or discomfort in horses,
and that this can be reliably evaluated and quantified using the HGS in direct physical presence
or by using photographic evaluation. This can prove to be clinically important in the routine
evaluation of horses, and the general equine practitioner can add the HGS information to the
suspicious cases of painful oral conditions. It is noteworthy that well-determined parameters
(demonstrating each facial structure to be observed) were relevant for the accuracy of pain

assessment.
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ABSTRACT

Dental disorders are frequent in equines and can cause discomfort and chronic pain,
affecting horses' welfare and athletic performance. However, these disorders may not be
manifested with recognizable clinical signs, leading to late diagnosis and care. This fact
predisposes these horses to develop other disorders, such as gastrointestinal diseases or
painful conditions in the rest of the body. The present study aimed to evaluate the influence
of buccal health on the facial expression and the acupuncture examination. Were evaluated
87 adult horses, both males and females, that were regularly involved in sports or working
activities. Initially, pain was scored in direct physical presence (in loco) by the investigator.
At the same time, the horses’ faces were photographed for further analysis. The
photographic evaluation was performed by a evaluator who unaware of the study and
condition of each animal. The acupuncture test was performed always by the same
evaluator, who investigated acupoints’ sensitivity to palpation or pressure. The animals
were evaluated before (T0) and 15 days (T1) after odontologic examination and treatment.
All of the 87 horses studied presented some dental disorders. A significant decrease was
observed in both pain score 3 (0-10) vs. 1 (0- 6) and number of reactive acupuncture points
(11.24 5.6 vs. 4 £ 2.9 points) in T1 in comparison with TO0, together with the reduction in
complaints by the owners regarding the masticatory process and quality of work. In
addition, it was observed that some reactive acupuncture points in animals with dental
disorders significantly reduced after treatment. With emphasis on Dental point (44 vs. 4),
Stomach (ST)-7 (31 vs. 3), Triple Heater (TH)-17 (27 vs. 4) and TH-16 (22 vs. 4), showing
that the acupuncture exam can help in the diagnosis of dental alterations and, mainly, help
in determining the success of dental treatment. It was possible to establish the relationship
between the presence of ulcers in the buccal mucosa and the pain score, number of reactive
acupuncture points and the quality of the work. The presence of hooks / ramps had an
influence on the masticatory quality of the animals, and the presence of the wolf teeth did
not influence any of the studied parameters. Finally, it was observed that in T0, although
they did not present lameness, a significant number of horses (n = 49/87) presented
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sensitive acupuncture points that indicated painful syndromes in the thoracolumbar spine or
hind limbs, which reduced in T1 (n = 16/87). ). In conclusion, the dental treatment resulted
in reduction of pain, changing the facial expression of the horses and reduced the number of
acupuncture points sensitive to palpation or pressure. The integration of acupuncture point
palpation/pressure examination and pain assessment using HGS in equine routine
examination may be useful in general and specific dental clinical evaluation, and especially
for follow-up after dental treatment, as well as assisting to demonstrate the influence of

changes in the oral cavity on the musculoskeletal system.

Keywords: Acupuncture; Dental disorders; Equine; Horse facial expression; Welfare.
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1. Introduction

Dental disorders are the third most common cause of equine diseases in North America
and despite this affections have great importance in the clinical practice of horses, there is a
great demand for more information in the equine dentistry field (Galloway and Easley, 2008;
Dixon, 2017). Dental conditions are usually associated with changes in the masticatory pattern,
dysphagia, weight loss and gastrointestinal disorders (Ashley et al., 2005; Ardila and Montoya,
2009; Amaya et al., 2012; Dixon, 2017).The presence of excessive enamel points (EEP) is the
most frequent dental disorder in horses with a prevalence of 70-90% in domesticated horses
(Dixon et al., 2000). The EEP is normally related to pain or discomfort during mastication or
work. Moreover, it may lead to ulceration of buccal mucosa, oral pain leading to weight loss,
and training problems (Dixon et al., 1999; Dixon, 2000; Pagliosa et al., 2006; Easley et al.,
2011). Another very common dental disorder is the presence of the first premolar (wolf teeth).
Which can be present in 13- to 80% of the horses, depending on the race studied (Brigham and
Duncanson, 2000b; Dixon and Dacre, 2005; Ozanam et al., 2005; Filho et al., 2014). The Wolf
theeth are usually blamed for oral discomfort and behavioral and training problems due to
interference with the bit. The extraction of this tooth is often indicated (Dixon and Dacre, 2005,
Ozanam et al., 2005, Easley et al., 2011, Filho et al., 2014). Other dental disorders such as
retention of deciduous teeth, diastema, periodontitis, ‘‘hooks’’, “‘steps’’, and ‘‘ramps’’ can also
result in oral discomfort, and must be corrected (Dixon and Dacre, 2005; Easley et al., 2011;
Amaya et al., 2012).

Even though it is accepted that these dental disorders may lead to different levels of
discomfort and pain, they may not be manifested with apparent clinical signs, and horses could
experience dental disorders without receiving an early diagnosis or accurate care (Brigham and
Duncanson, 2000a, 2000b; Dixon and Dacre, 2005; Amaya et al., 2012; Alencar-Araripe et al.,
2013).The lack of an early diagnosis can lead the animal to develop other disorders, such as
gastrointestinal diseases or painful conditions in the rest of the body resulting in performance
decrease or lamenesses (Pence, 2002; Stashak and Hill 2006; Du Toit et al., 2008;Galloway and
Easley, 2008; May, 2008; Cain, 2015).
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In this context, acupuncture diagnosis appears as an option to aid in the early diagnosis
of different pathological conditions in horses, besides serving as a parameter for general
evaluation of animal welfare (Fleming, 2006; Shmalberg and Xie, 2009; Michelotto et al., 2014;
Pellegrini et al.,2018). Regardless of the fact that the use of acupuncture in veterinary medicine
has been documented for thousands of years, Western scientific research on its efficacy is much
more recent (Ramey, 2005; Scognamillo-Szabol and Bechara,2010; Le Jeune and Jones, 2014)
including on diagnosis of horses’ musculoskeletal conditions (Michelotto et al., 2014).

The use of acupoint pressure is a diagnostic method in the equine physical examination,
that has been proposed as a practical, efficient method capable of diagnosing different types of
imbalances earlier (Schoen, 2000; Shmalberg and Xie, 2009; Alfaro, 2014; Cain, 2015;
Pellegrini et al.,2018).This examination is based on observation of the animals' response to
palpation of the meridian paths and acupuncture point pressure (McCormick, 1997;
McCormick, 1998;Schoen, 2000; Fleming, 2006; Shmalberg et al. Xie, 2009). The combination
of a set of acupoints sensitive to this pressure allows to determine the diagnosis of some painful
conditions in horses or syndromes (Angeli et al., 2007; Michelotto et al., 2007; Angeli et al.,
2008; Xie and Preast, 2011; Alfaro, 2014; Cain, 2015).

Some acupuncture points are cited as diagnostic points for TMJ or head and mouth pain
( Dental point, ST7, TH17, TH16, GB1, GB20, ID10) (Fleming, 2006;Xie and Preast, 2011;
Cain, 2015), however, few studies are specifically aimed at the diagnosis of odontological
affections of horses.

Still thinking about early and correct diagnosis and management of different painful
conditions an accurate recognition and adequate quantification of pain is also essential. Horses
tend to demonstrate pain more discreetly as a life-saving attitude (Ashley et al., 2005).

In this context pain scales based on facial expression changes is proved to be a sensitive
tool to determine painful situations in equine medicine (Gleerup et al.,2015; de Grauw and van
Loon, 2016).The Horse Grimace Scale (HGS) is one of these techniques and describe a pain
coding system evaluating six different characteristics of equine facial expression (ears held
stiffly backwards, tension above the eye area, orbital tightening, prominent and strained
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chewing muscle, mouth strained with pronounced chin, and strained nostrils with flattening of
the profile) (Dalla Costa et al., 2014).

All these issues are especially important when talking about dental disorders as not all
horses with dental diseases show signs of discomfort clearly, and many animals may suffer from
dental disorders without showing obvious signs of pain (Brigham e Duncanson,2000a; Ashley et
al., 2005; Amaya et al., 2012).

The present study had as objective to evaluate the benefits of dental treatment in the
welfare by acupuncture point sensitivity assessment and pain score evaluation utilizing the HGS
of the healthy horses, before dental treatment and 15 days after the same. It was also aimed at to
evaluate the reliability of acupuncture as a diagnostic method for dental disorders and its
possible complications, and to determine the possible benefits of acupuncture associated with

the traditional Western examination in the earlier diagnosis of dental disorders.

2. Material and methods

2.1 Type of study and ethical aspects

The present study is a cohort study to investigate the response of the dental treatment on
horses clinically examined using the HGS and pressure of acupoints. The study was approved

by the local Ethics Committee on the Animal Use.

2.2 Animals and study design

A total of 87 adult horses were embraced (33 Thoroughbred, 26 Criollo horse, 12
Quarter Horse, 9 Brazilian Mangalarga Marchador, six Cross breed and one Arabian), 49
females and 38 males, aged between 1.8 and 24.0 years (4.48 + 3.75), from the cities of
Guarapuava and Curitiba, Parana State, south region of Brazil. The horses were considered
healthy based on physical examination and due to the regular involvement in sports activities,
like racehorses (n = 33); barrel racing or calf roping (n = 41), working cow horse (n = 3), pace
(n=9) or use in equine therapy (n = 1). Horses under any clinical care, those who developed
any clinical condition throughout the study period, those who received dental treatment in the
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previous six months, and those who could not be reevaluated for the study purpose were
excluded.

The evaluations were performed at the horse’s place of residence, and preferentially
without changes in their routines.

In the first evaluation (T0), the horses were examined with five different objectives;
firstly they were evaluated with the intention of determining their pain scores. After then, a
general physical examination was performed to evaluate the heart and respiratory rates. Then
the acupuncture points reactivity was evaluated, and to determinate all possible dental disorders
present in each animal, the oral cavity of the animals was evaluated. Finally, anamnesis was
carried out with regard to the perception of the person responsible for the horses about the
quality of chewing and working. Fifteen days after the treatment (T1), horses were re-evaluated
in the same environment by the same veterinarian to determine the new pain score using the
same HGS methodology, a new examination for diagnostic acupuncture using acupoints

palpation was also performed and a new anamnesis.

2.3 Pain Score evaluation

For the evaluation of the pain score, the researcher (the same researcher for all the
horses throughout the study) entered the animal’s stable, remained quiet for approximately 10
minutes for setting up, and after this time, the horses were then monitored for a period of one
minute for signs of pain using the HGS scale (Dalla Costa et al., 2014). Six facial characteristics
were investigated: ears held stiffly backwards, orbital tightening, tension above the eye area,
prominently strained chewing muscles, mouth strained with pronounced chin, and strained
nostrils with flattening of the profile. Each facial characteristic was scored using a 0 to 2 points

scale, resulting in the maximum possible HGS score of 12 (Figure 1).
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Figure 1. Figure 1. Horse Grimace Pain Scale with pictures for each of the six facial

characteristics. Each characteristics is scored according to whether it is not present (score of 0),
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moderately present (score of 1) and obliviously present (score of 2) Adapted from the HGS

mobile app.

During the examination, the researcher stood approximately 1 meter away from the
horse in silence, not facing them, and behaving and as neutrally as possible.

After direct observation, the horses’ faces were photographed in the lateral position
under natural light, at an approximate distance of 1.0 m from the animal. A 12 megapixel
camera of the Motorola Moto Z3 Play mobile phone was used to obtain the photos, resulting in
photos with a resolution of 4032x3024 pixels. The photographs were randomly arranged and
were used for the analysis performed by other evaluator, also using the HGS but who were

unaware of the condition of each animal.

2.4 Acupuncture diagnosis

The same trained examiner, who specializes in the field, performed the acupuncture
diagnosis and the same semiologic protocol based on using the evaluation of sensibility in the
acupoints was used in all the investigated horses. This examination initiated only after the horse
was comfortable with the examiner’s presence, being calm and still with relaxed eyes and ears.
The diagnostic acupuncture was initiated with finger pressure over the temporomandibular joint
and adjacents regions, followed to test of sensibility of the acupoints in the meridian paths using
a rounded plastic needle cover as a probe (Shmalbergand Xie, 2009; Michelotto et al.,2014;
Cain, 2015).

The acupuncture diagnosis was carried out with continuous and uninterrupted
pressure initially superficial followed by a deeper pressure exerted with the needle covert at the
meridian path and acupuncture points looking for reactive (painful). The examination started on
the neck (stomach, large intestine, triple heater, small intestine, gall bladder, and bladder
channels) and progressing along the chest (lung-1 and kidney-27),back and abdomen (back Shu

points of the bladder channel), and sacral and hind leg regions (bladder, stomach, and gall
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bladder channels). Finally, front Mu alarm points were investigated (Chvala et al., 2004;
Michelotto et al.,2014; Cain, 2015).

Painful points were identified when the horse become uncomfortable and irritated,
presented muscular contraction, moving from the examiner or even when he presented
behavioral changes, with irritation or attempt to bite or kick (McCormick, 1996; Michelotto et
al., 2014; Cain, 2015). All sensitive points were recorded in a separate file for further analysis
and interpretation and for this the points were evaluated in isolation form, as well as the
combination of these indicating imbalances in some meridian or a specific syndrome (Cain,

2015).

2.5 Examination of the oral cavity
Initially, the anamnesis was conducted with the owners and / or responsible for the
animal, using a standard questionnaire for dental care, where complaints were discussed,
possible changes in chewing, swallowing or during training, as well as observations regarding
athletic or work performance. According to the complaints reported by those responsible for the
animals, each horse was classified in a given category according to its masticatory quality, being
able to receive scores from 0 to 2 (Table 1) and the quality of its performance in relation to

work with reins, also receiving scores ranging from 0 to 2 (Table 2).

Table 1. Evaluation of the masticatory quality of horses, considering the subjective observation

of their handlers.

Escore Definition

0 Animal without difficulty to feed, does not leave leftover food in the
lame, nor throw down food already chewed.

1 Animal that leaves food in the lame or overturns already chewed food.
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2 Obvious difficulty in chewing, overbalancing the head during feeding,

dropping already chewed foods, history of weight loss and / or colic.

A general physical examination was performed to evaluate the heart and respiratory
rates, followed by a specific examination of the oral cavity by the investigator (veterinarian with
experience in equine dentistry). For this purpose, the horses were sedated with detomidine (20
to 30 ug/kg IV, Syntec, Santana de Parnaiba, SP, Brazil), and a full mouth speculum was used
(full mouth speculum, Ortovet, Sdo Paulo, SP, Brazil). A detailed observation and palpation of
the oral cavity was made, including palpation of both hard (teeth and supporting bones) and soft
tissues (lips, cheeks, tongue, palate, gingiva, buccal mucosa, salivary glands and ducts, and
muscles of mastication) (Easley et al., 2011). The condition of the oral cavity was recorded in

an odontogram adapted from Easley et al (2011).

Table 2. Evaluation by the trainers as to the ease of conduction and performance of

exercises and / or work with reins in the horses studied.

Escore Definition

0 There are no complaints of difficulty driving the animal during

exercise or work.

1 Animal shows reluctance, or reaction to the mouth during some

exercise or specific work.

2 Animal has visibly difficult driving, heavy animal on the reins and / or
works constantly with the head high or swinging excessively. Animal
that works with the mouth open or that does not perform certain type

of maneuver.
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The animals then received appropriate dental treatment directed towards each

alteration detected.

2.5 Statistical analysis

To obtain the differences in the number of reactive acupuncture points and pain score
between TO and T1, the Wilcoxon test was used. It was performed the sensibility and specificity
test to evaluate the predictive values of the acupuncture diagnosis. To determinate the
agreement between the HGS obtained presentially and the photographic evaluating, the Kappa
test was used, and inter-observer reliability was assessed using intra-class correlation
coefficients (ICC).

Correlations between the number of reactive acupuncture points, pain scores of the
animals and the owners' complaints regarding to masticatory quality and problems during the
training were evaluated using the correlation test of Spearman. For the analysis of the
relationship between dental disorders and the number of reactive acupuncture points, pain score
and complaints of the owners, the Mann-Whitney test was used.

Finally the pain score and the number of reactive acupuncture points in the different
races and ages (animals up to 5 years old and over 5 years old) were evaluated by analysis of
variance.

These analyses were performed using the software IBM SPSS Statistics for Windows,
Version 20.0 (IBM Corp, New York, USA). For all the analyses, p < 0.05 was considered

significant.

3. Results

All of the 87 horses studied presented some dental disorders, with most animals
suffering from more than one affection at a time 80.5% (70/87).Those who suffered five or
more diseases at the same time correspond to the least numerous group 8% (7/87) but there is a
large proportion of animals suffering 2 to 4 diseases 72.4% (63/87), and only 19.5% (17/87) had
only one disease (excessive enamel points) (Figure 2).
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Figure 2. Number of dental disorders per animal observed in a group 87 working and

athlete horses.

Among the affections found it is possible to emphasize the presence of excessive
enamel points, n = 84/87 (96.6%), followed by ulcerations of the buccal mucosa, n = 38/87
(43.7%) and presence of wolf teeth n = 30/87 (34.4%) (Table 3).

Despite the dental alterations, all 87 animals evaluated presented presented cardiac rate
of 32 + 3 beats per minute and respiratory frequency of 11+ 2 movements per minute and in
sports or work activity throughout the study. After treatment these parameters did not change.

In the TO acupuncture examination only one animal was found to be free of reactive
acupuncture points. The remaining 86 animals showed sensitivity in one or more acupuncture
points (11.2 + 5.6 points). In the revaluation (T1) the animals presented a significant reduction

in the number of reactive points in relation to TO (4.0 =+ 2.9 reactive points, p = 0.001).
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Table 3. Dental disorders found in equines studied and their percentage of occurrence.

Dental disorders Number of affected animals Percentage of occurrences
(n) (%)
Excessive enamel points 84 96.6
Ulcerations of the buccal 38 43.7
mucosa
Wolf teeth 30 344
Hooks / Ramps 19 21.8
Retained deciduous 14 16.1
Stepmouth 8 9.2
Periodontal Disease 6 6.9
Diastema 5 5.7
Others 11 12.6

Evaluating the acupuncture points in isolation (table 4), it was observed that the most
prevalent points were: the dental point that appeared in 50.5% (44/87) of the animals in the TO
and after dental treatment this number significantly reduced to 4.5% (4/87) of the evaluated
ones (p = 0.001). Point ST7 also had a high prevalence in animals without dental treatment
35.6% (31/87), after treatment this number dropped to 3.4% (3/87) (p = 0.001). Evaluating the
TH17 point, it was observed that in TO it occurred in 31% (27/87) of the animals, and in T1 this
value dropped to 4.5% (4/87) (p = 0.001). Finally, the TH16 point was found in 25.8% (22/87)
of the animals in TO and 4.5% (4/87) of them in T1 (p = 0.001) (Figure 3).

The sensitivity and specificity of these points were also evaluated for diagnoses related

to three of the main dental conditions found, the result is shown in table 5.
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Table 4. Number of animals showing pain sensitivity in points: Dental point, Stomach (ST) -7,

Triple Heater (TH) -17 and TH-16 in pre-treatment (T0) and and 15 days after the dental

treatment (T1).

TO* T1°
Dental point 44/87 4/87
ST 7 31/87 3/87
TH17 27/87 4/87
THI16 22/87 4/87

*Different letters between columns represent statistical difference (p = 0.001).

Table 5. Sensitivity values (S) and specificity (SP) of the points, Dental point, Stomach (ST) -7,
Triple Heater (TH) -17 and TH-16 for the presence of ulcerations of the buccal mucosa,

presence of wolf teeth and hooks and ramps.

Ulcerations of the Presence of a wolf Presence of hooks
buccal mucosa teeth and ramps
S SP S SP S SP
Dental point 56% 69% 40% 72% 11% 67%
ST7 55% 62% 42% 69% 41% 89%
TH17 55% 61% 22% 60% 51% 91%
TH 16 72% 66% 50% 70% 13% 75%
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Figure 3. Number of animals showing pain sensitivity in points: Dental point, located on the
tendon between the atlas and occipital bone, at the posterior base of the ear; Stomach (ST) -7,
located in the temporomandibular joint, ventrally to the zygomatic arch; Triple Heater (TH) -17,
located in a depression between the jaw and the mastoid process, caudoventrally the ear.and
TH-16 located caudoventrally to the mastoid process, between the first and second cervical
vertebrae, over the caudal border of the brachiocephalic muscle, .in pre-treatment and and 15

days after the dental treatment.

Considering the meridians as a way to determine the imbalances of the animals, in TO it
was found that the alteration in the gallbladder meridian was found in 42.5% (n = 37/87) of the
animals, and after treatment only 3.4% (n = 3/87) remained with this changed meridian. Another
alteration that attracted attention was the meridian of the stomach, present in 20.6% (n = 18/87)
of the animals in TO and reducing to 5.7% (n = 5/87) of them in T1.

In another approach to analysis of the reactive points, it was found that 56.3% (n =
49/87) of the animals presented, according to the diagnosis of acupuncture, a sensitivity pattern
for painful syndromes in the posterior part of the musculoskeletal system like thoracolumbar

pain, pain in the coxofemoral region, stifle or hock. This number fell to 18.3% (n= 16/87) of
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them after dental treatment and without any other clinical intervention or change of
management.

Regarding the analysis of the pain score evaluated by the Horse Grimace Scale, it was
initially evaluated the agreement between the analyzes performed in loco and using the
photographs of the face of the animals (p = 0.001) with an excellent intra-class agreement index
(ICC =0.854). In the evaluation of the animals in TO and T1, there was a significant difference
in the pain score (p = 0.001), both in the direct evaluation and in the photographic analysis
(Figure 4), with the animals presenting pain score in the T0 of three with minimum and
maximum values of 0 and 10 respectively and median pain score in T1of one, with minimum
and maximum values of 0 and 6 respectively.

Still in relation to the pain score, a positive correlation was observed between this and
the number of reactive points in the acupuncture test (p = 0.0001); with an excellent correlation
coefficient (r=0.543), showing that animals with a greater number of reactive points also
presented facial pain expression more evident.

There was no statistical difference between pain score (p = 0.990) and number of
reactive acupuncture points (p = 0.327) in the different races studied. Regarding the age of the
animals, a higher pain score (p = 0.041) and number of reactive acupuncture points (14.25 £
5.55) were observed in animals over 5 years old when compared to the younger ones (10.53 £+

5.55) (p=0.01).
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Figure 4. Median and interquartiles of pain scores for 87 horses assigned by each evaluator
according to the Horse Grimace Scale (HGS) [(in direct physical presence (D) and from
photographs (P)], in pre treatment (T0) and 15 days after dental treatment (T1) (p = 0.0001).

Different letters between time points represent statistical difference.

When questioned about the masticatory quality of the animals, 73.5% (64/87) of the
owners had no complaint or did not know how to report, but of the 23 animals complaining of
masticatory quality, 95.6% (22/23) presented an improvement in the masticatory pattern after
dental treatment according to the owners' remark. Regarding the quality of work, 68.9% (60/87)
of the animals presented some difficulty in working with reins according to the perception of
their trainers and after dental treatment 96.6% (58/60) of these coaches noticed improvement in
this area.

The correlation between the number of reactive dots in the acupuncture exam and the
pain score in relation to the owners' complaints was also evaluated. There was a positive
correlation, with a slight to moderate correlation factor (r) between the number of reactive

acupuncture points and the owners' complaints, both regarding the quality of mastication (p =
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0.016; r = 0.2587) and the quality of work (p = 0.0001; r = 0.435). The same occurred between
the pain score and the food difficulty complaints (p = 0.001; r = 0.336) and during work (p =
0.001; r = 0.435).

It was observed that the presence of ulcerations in the buccal or lingual mucosa had an
effect on the pain score (p = 0.001) and the number of points reactive acupuncture (p = 0.001),
as well as having an effect on the owners 'perception regarding the difficulty of working with
reins (p = 0.001), but had no effect on the owners' perception regarding the masticatory quality
of the animals (p = 0.341).

There was no significant difference between the animals with or without wolf teeth, in
the pain score (p = 0.872); number of reactive acupuncture points (p = 0.425); the quality of the
work (p = 0.518) and the masticatory quality (p = 0.179).

Finally, it was observed that the presence of hooks and ramps had no effect on the pain
score (p = 0.098), on the total reactive acupuncture points (p= 0.130) and on the quality of the

work (p = 0.954), but had an influence on the masticatory quality of these animals (p = 0.004).

4. Discussion

In the present study, the objective of evaluating the influence of odontological treatment
on the general welfare of horses was accomplished, thereby demonstrating that after dental
treatment the animals presented reduction in the pain score and the number of reactive
acupuncture points.

All 87 equines investigated showed some dental disorders, with a large number of
animals presenting more than one affections at the same time, with the majority of animals
presenting from 2 to 4 dental disorders as demonstrated by Amaya et al. (2012).

In this study, the presence of excessive enamel points was the most prevalent condition
(96.6%), which is in accordance with the literature that cites this condition as the most frequent
in equine dentistry (Pence, 2002; Dixon and Dacre, 2005; Easley et al., 2011; Amaya et al.,
2012). In sequence the animals studied present a higher prevalence of ulcerations in the buccal
mucosa that are usually a consequence of the excessive enamel points (Dixon and Dacre, 2005;
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Easley et al., 2011). Presence of wolf teeth was the third more frequent affection. It is
noteworthy that the presence of wolf teeth may be underestimated. According Dixon (2017)
some animals may lose this tooth during the exchange of the second premolar. In addition, some
of the horses studied had received dental treatment at some time during their lifetime, at which
point the tooth may have been extracted.

Although it is accepted that these dental disorders generate different levels of
discomfort and pain (Ashley et al., 2005; Easley et al., 2011), it can be observed here that the
horses with these affections may not clearly manifest clinical signs, thus remaining in their work
or sports activities, and presented values of cardiac and respiratory rate within the parameters
considered normal for species (Speirs, 1999). This represents a welfare problem, as the level of
discomfort or pain due to oral conditions has not been quantified, horses endure working even
with dental problems, which makes the early diagnosis difficult. Amaya et al. (2012) when
studying 400 horses, where 76.5% presented dental affections also reported that most of the
animals did not present symptoms that would call the attention of their owners. Recognition of
dental pain is complicated by the hidden nature of disorders which often go unnoticed until the
later stages, when more obvious discomfort signs are expressed associated with changes in the
masticatory pattern, dysphagia, weight loss and gastrointestinal disorders. In this time point the
affections and their consequences for the animals usually are already more serious and more
difficult to be corrected (Ashley et al., 2005; Dixon et al., 2007; Ardila and Montoya, 2009;
Amaya et al., 2012). The fact that horses with dental disorders do not receive early diagnosis or
precise care predisposes them to the appearance of other problems, such as gastrointestinal
diseases or painful conditions in the rest of the body (Brigham and Duncanson, 2000a, 2000b;
Dixon and Dacre, 2005; Amaya et al., 2012; Alencar-Araripe et al., 2013).

This was observed in this study, since pre-treatment animals had more severe alterations
in the acupuncture examination and higher pain scores than after dental treatment. Among the
reactive acupuncture points in TO we can highlight the points: dental point, ST-7, TH-17 and

TH-16. These points are cited in the literature as diagnostic points for TMJ conditions, as well
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as in the region of the oral cavity as a whole (Fleming, 2006; Xie and Trevisanello, 2007; May,
2008; Cain, 2015).

The dental point is an ASHI point located on the tendon between the atlas and occipital
bone at the posterior base of the ear (Cain, 2015). Forty-four animals showed a palpation
reaction at this point at initial exam, and after dental treatment only 4 of these animals remained
with this sensitivity. This is according to Cain (2015) who says that according with experience
of specialists in equine dentistry after dental treatment the acute reaction of this ASHI point
tends to disappear.

The ST-7 sensitivity could be related either to a problem with the TMJ itself, masseter
myofascial pain or both (Fleming, 2006; May, 2008; Xie and Preast, 2011). This point was
reactive in 33 horses in first exam and only three animals remained with this reactive point after
treatment. As one of the causes of TMJ pain are dental disorders (Easley et al., 2011),
sensitivity at ST 7 could lead the veterinary to further examine the horse’s mouth and dental
status.

The point TH-17 is a crossing point of the TH and GB channels and is cited as a
diagnostic point for painful processes in TMJ, dental disorders, cheek swelling and also cervical
instability syndromes (Fleming, 2006; Xie and Preast, 2011). Dental treatment resulted in a
significant reduction of this point in the animals studied. May (2008) cites that the TH 17 point
is normally reactive in animals with dental changes especially when these are associated with
chiropractic changes. In equines studied this point evidenced good specificity (91%) for the
presence of hooks and ramps. These fact can be explained since these changes end up limiting
the rostral movement during chewing (Easley et al., 2011; Paiva et al., 2018) which predisposes
chiropractic problems in the area of head.

Finally, the TH 16 point is also cited as the diagnostic point for alterations in the face
and head, deafness and pain in the TMJ (Fleming, 2006; Xie and Preast, 2011). This point was
reactive in 22 animals in TO and only four in T1.

In general, the points studied (Dental Point, S7, TH17 and TH16), presented higher
specificity than sensitivity for the different dental affections. This information could then be
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useful since the elimination of these reactive points present before the procedure would
determine that the dental treatment was successfully accomplished.

Interpreting the findings of acupuncture in relation to changes in the meridians, we see
that six different acupuncture channels converge on or close to the TMJ, three travel to the front
legs (LI, SI, and TH), and three to the hind legs (GB , ST, and BL) (Fleming, 2006). The two
meridians most frequently affected in the studied animals were the GB and ST both Yang
meridians that have theirs pathway through the TMJ area (Fleming, 2006). This fact may be
responsible for the greater involvement of these channels in animals with dental disorders, as
these are the most common cause of TMJ pain (Easley et al., 2011). In addition, it is known that
imbalances in the wood element (gallbladder) can lead to changes in the earth element
(stomach) through the Cheng cycle. It is also noteworthy that the stomach meridian is directly
related to the oral cavity, as it opens in the mouth (Fleming, 2006; Xie and Preast, 2011).

The meridian of the GB begins in an area just beside the TMJ and the meridian of the
ST, has its initial course in the face region, passing through the mandible and
temporomandibular joint region, both following to the hind legs (Fleming, 2006).

The understanding of this dynamics according to the Traditional Chinese Veterinary
Medicine (TCVM), explains the understanding of, although most of the investigated horses (49
of them) did not show signs of lameness, presented a set of reactive points that according to
Cain (2015) indicated involvement of the sacral, coxofemoral, stifle or hock regions.This would
explain, in TCVM why a dental affection would create musculoskeletal conditions and lameness
(Fleming, 2006; Cain, 2015). Cain (2015) further stresses that all the meridians of the head and
neck are Yang and reviewing their passage through the maxilla and mandible, it becomes
evident that a dental disorder would create problems of the stifle or hock.

After dental treatment and without any other alteration of management or therapeutic
measure, 33 of these 49 animals presented a reduction of these patterns. This fact allows us to
see how the musculoskeletal system can be affected by dental affections, since TMJ is
connected through the meridian system to other parts of the body (Fleming, 2006; Moon, and
Lee, 2011). Besides that Le June and Jones (2014) studying the correlation of acupuncture exam

59



would with a conventional lameness examination, found that horses that have sensitivity to
palpation of acupuncture points are more likely to be lame and should undergo a full lameness
examination and other diagnostic testing. In another paper, Michelotto et al. (2014), studying
the stifle syndrome diagnosis in equines, noted that most of the equines with stifle syndromes,
even though they did not present evidence obvious of lameness could be identified by
acupuncture diagnosis.

In this way it is possible to understand the importance of dental treatment in the
prevention of locomotor problems in horses and the benefits of including the acupuncture exam
in the routine examination of horses.

In addition to acupuncture point sensitivity, the significant difference found in horses
evaluated by pre and post-treatment HGS confirms that even in the absence of obvious clinical
signs, odontological changes caused a certain degree of discomfort in the horses studied, since
the animals in TO presented a significantly higher pain score than in T1 (after dental treatment).
Still regarding to the pain score, a positive correlation was found between this and the number
of reactive acupuncture points, which highlights the importance of including oral cavity
evaluation as a routine examination for horses. This measure makes possible the early diagnosis
and treatment of any dental disorders, thus avoiding further complications and improving
masticatory function and the use of animals in their activities, since a positive correlation was
found between the number of reactive acupuncture points, the score of pain and complaints of
owners regarding the quality of chewing and working of animals, with improvement of all
parameters and reduction of complaints after dental treatment.

In a more focused analysis for the main dental disorders found in the studied animals,
the animals that presented ulcerations of the buccal mucosa showed a greater number of reactive
acupuncture points, score of pain and complaints in relation to the work quality. The ulcerations
of the buccal mucosa are usually caused by sharp and prominent points on the lateral and medial
aspects of the occlusal surface as a result from dental excessive enamel points (Brigham and
Duncanson, 2000a; Easley et al., 2011; Dixon, 2017). Identify and reducing such dental
excessive enamel points at an early stage is the key to prevention of the ulcerations of the buccal
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mucosa. According Dixon (2017), one of the most important role in equine dental care is to
prevent large dental overgrowths from developing by their early detection during routine oral
examinations and their effective removal. This is possible with regular (annual or biannual)
dental inspections and appropriate treatments.

For the presence of the wolf teeth there was no significant difference in any of the
studied parameters. The necessity for removing wolf teeth is controversial, even though its
extraction may be recommended, considering no wolf teeth does any good and may cause
discomfort (Scrutchfield, 2006; Dixon, 2017). However, in the present study the presence of the
wolf teeth caused no harm as might be popularly believed, agreeing with other authors that
these teeth generally do not cause problems unless they are large, sharp, poorly positioned or
included (Brigham and Duncanson, 2000b; Dixon and Dacre, 2005; Easley et al., 2011). These
data are important as many horsemen believe that wolf teeth are primarily responsible for oral
discomfort, bit problems and abnormal behaviour of horses at work (Dixon and Dacre, 2005;
Scrutchfield, 2006; Dixon, 2017). It is noteworthy that in relation to the pain score it may have
been underestimated in animals with wolf teeth, since animals that present discomfort due to its
presence will do so during exercise and not during rest, at which time the analyzes were
performed.

Considering hooks / ramps their occurrence had a significant effect on the masticatory
quality of the animals. This can be explain, since the horse must be able to move his jaw from
side to side (lateral excursion), forward and back (anterior/posterior movement) and up and
down to reinforce the grind in order to chew food properly. Ramp is pathological exaggeration
of distal upward slope of mandibular cheek teeth and hook is a sharp narrow overgrowth
developed on a tooth through abnormal wear, if large these overgrowths may reduce or restrict
the rostral movement of the mandible during chewing (Easley et al., 2011).This was
demonstrated in practice by Paiva et al. (2018), that studying the influence of occlusal
adjustment by tooth wear in masticatory biomechanics of horses showed that the occlusal

adjustment increases the range of mandibular movements in horses.
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It is noteworthy that the owners of the investigated horses did not report any other
complaints for their horses during the entire study period.

In humans has already been established that dental occlusion/ temporomandibular joint
status and general body health have organic and functional relationships (Moon and Lee, 2011).
In equines it is also possible to understood that if there is anything that painfully affects a
horse's head during work or chewing, this will affect your well being and the body as a whole,
with special attention to the posterior region of the musculoskeletal system.

The integration of acupuncture points palpation and pain assessment using HGS in
equine routine examination may be useful for diagnosis of dental disorders and their
consequences. Besides offering the possibility of broadening the understanding of the
interconnections between the masticatory system and the rest of the body. Consequently,

resulting in greater success in the diagnosis and treatment of dental disorders.

5. Conclusion

It can be concluded that dental problems negatively influenced the general welfare of
the horses, demonstrated by the reduction in pain score and the number of reactive acupuncture
points after dental treatment. In addition, the acupuncture test based on the sensitivity of points:
dental point, ST-10, TH- 17 and TH-16 proved to be effective in aiding the diagnosis of dental
disorders and in assessing the success of dental treatment.
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CAPITULO 4 - CONSIDERAGOES FINAIS

Concluiu-se que diferentes alteragées odontoldgicas resultam em dor ou
desconforto em equinos, e que esta pode ser avaliada e quantificada com
seguranga usando a HGS tanto na avaliacdo direta, quanto por meio de
avaliacdo fotografica. Vale ressaltar que parédmetros bem determinados
(demonstrando cada estrutura facial a ser observada) foram relevantes para a
acuracia da avaliagao da dor. Pode-se concluir que as alteragdes dentarias
influenciaram negativamente no bem-estar geral dos equinos, demonstrado
pela redugao do escore de dor e pelo numero de pontos de acupuntura reativos
apos o tratamento odontologico.

O exame de acupuntura baseado na sensibilidade dos pontos: ponto do
dente, E-10, TA-17 e TA-16 mostrou-se eficaz no auxilio ao diagnéstico de
alteracdes dentarias e principalmente auxiliar na determinagdo do sucesso do
tratamento odontologico. Além disso, através do exame de acupuntura foi
possivel determinar que o tratamento odontoldgico é importante para reduzir a
sensibilidade nos pontos de acupuntura relacionados a dor na coluna e nos
membros posteriores. Dentre as alteragdes odontoldgicas avaliadas a presenca
de ulceracdo na mucosa oral foi a que apresentou maior influéncia tanto no
escore de dor, como no numero de pontos de acupuntura reativos e queixas
em relagdo ao trabalho com embocadura. A integracdo da avaliagdo da dor
utilizando a HGS e o exame através da palpagao dos pontos de acupuntura
pode ser util na avaliagao rotineira de equinos, além de oferecer a possibilidade
de ampliar o entendimento das interconexdes entre o sistema mastigatorio e o

restante do corpo.
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You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.
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Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

After acceptance, open access papers will be published under a noncommercial license. For authors
requiring a commercial CC BY license, you can apply after your manuscript is accepted for publication.

This journal offers authors a choice in publishing their research:

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

e No open access publication fee payable by authors.

e The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse.

e A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 3100, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

In addition, the International Society for Applied Ethology can help members with the preparation
of manuscripts for publication in Applied Animal Behaviour Science (and other English-language
journals). Non-members of this Society will first need to join to gain access to this service: contact the
Membership Secretary, Dr. Priya Motupali, e-mail: isaemembership@hotmail.co.uk. Members should
send requests for assistance to Dr. Janice Siegford, E-mail: siegford@msu.edu. Include the paper title,
authors, contact address (including fax and e-mail if possible), key words and the journal to which
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the paper will be submitted. Do not send the manuscript. You will be sent the details of someone who
will help you with the English of your paper. The helper should be acknowledged in your paper, but
will not expect to be included as an author.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.evise.com/profile/#/APPLAN/login

PREPARATION

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

The use of English, punctuation and grammar should be of a sufficient high standard to allow the
article to be easily read and understood. Do not quote decimals with naked points (e.g. use 0.08,
not .08). Times of day should be in the format 10:00 h. Numbers less than 10 should be text, unless
they are followed by a unit of measurement or are used as designators e.g. seven pigs from Group
3 were each trained for 7 days, with three sessions each lasting 3 min. Numbers greater than nine
should be written as numerals.

Manuscripts in general should be organized in the following order:

oTitle (should be clear, descriptive and not too long)

eName(s) of author(s) - we would like to publish full first names rather than initials, and would
appreciate it if you would provide this information

eComplete postal address(es) of affiliations

Full telephone, Fax No. and e-mail address of the corresponding author

Present address(es) of author(s) if applicable

Complete correspondence address including e-mail address to which the proofs should be sent
eAbstract

eKeywords (indexing terms), maximum 6 items

eIntroduction

eMaterial studied, area descriptions, methods, techniques and ethical approval
eResults

eDiscussion

eConclusion

eAcknowledgment and any additional information concerning research grants, etc.
eReferences

eTables

eFigure captions

eTables (separate file(s))

eFigures (separate file(s)).

Manuscripts should have numbered lines, with wide margins and double spacing throughout, i.e.
also for abstracts, footnotes and references. Every page of the manuscript, including the title page,
references, tables, etc., should be numbered. However, in the text no reference should be made to
page numbers; if necessary one may refer to sections. Avoid excessive usage of italics to emphasize
part of the text. Articles should not normally exceed 25 pages of text (11-point font, aligned left and
double spaced) and contain a maximum of six or seven Tables and Figures in total.
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Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

The introduction "sets the scene" for your work. Do not over-reference statements; two or three key
references should suffice unless each adds something specific. The introduction should not normally
be more than 750 words (approximately three pages).

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

When locations are given, it should be remembered that this is an international journal and provide
the state/county and country, or longitude and longitude for lesser-known locations. Full details of
commercial products and technical equipment should be provided, as necessary, including name of the
model, manufacturer and location of manufacture, and any Trademarks. As appropriate, a statement
should be made that the work has received ethical approval or that the authors have read the policy
relating to animal ethics and confirm that their study complies. Data collection and collation: units
of all measures need to be specified; the experimental design should be explained together with an
explanation of the experimental unit; the ways in which data are derived must be specified (e.g.
individual scores were summed for the four, 12-h periods and the mean used for the analysis);
the methods used for determining the normality of distribution of the residuals and homogeneity of
variances need to be specified; any transformations of data need to be described; statistical analyses
need to be reported in full.

This section should include only results that are relevant to the hypotheses outlined in the Introduction
and considered in the Discussion. Present results in tabular or graphical form (see following sections)
wherever possible. Text should explain why the experiment was carried out, and elaborate on the
tabular or graphical data. Sufficient data should be presented so that the reader can interpret the
results independently. If data require transformation to be suitable for parametric analyses, then
due consideration needs to be given as to which and how data are presented in the manuscript. For
example, putting error bars on graphs of the raw or back-transformed data is meaningless if analysis
was performed on transformed data. To assist with interpretation of biological meaning, howeuver,
back-transformed means (but not errors) could be presented instead of/in addition to transformed
data. In particular, statistical analyses should be complete and appropriate, and full details should
be given either in the text, or in the Figures or Tables legends. Include the type of test, the precise
data to which it was applied, the value of the relevant statistic, the sample size and/or degrees of
freedom, and the probability level. Any assumptions that have been made should be stated. If in
doubt, a statistical expert should be consulted.

The discussion should interpret the results, and set them in the context of what is already known in
the appropriate field. This section should normally start with a brief summary of the main findings.
The discussion should be focused and limited to the actual results presented, and should normally
not exceed about 1500 words. All results presented in the Results section should be discussed (if
they do not warrant discussion, they do not warrant inclusion) and there should be no presentation
and discussion of results that have not been presented in the Results section (i.e. no new data
presented in the Discussion). Any necessary extensive discussion of the literature should be placed
in the Discussion, and not in the Introduction.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.
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It should provide a brief "take home" message and briefly outline the application/implications of the
study's findings.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

As this is the most-read part of a paper, it is useful to provide some data and significance levels in
the description of the main results. The Abstract should not be longer than 400 words.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of theirimages
and in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file name.

Highlights are three to five bullet points that provide readers with a quick overview of the article.
These provide the context, core results and highlight what is distinctive about the work.

- Include 3 to 5 highlights.
- There should be a maximum of 85 characters, including spaces, per highlight.
- The core results only should be covered.

See http://www.elsevier.com/highlights for examples.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:
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Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

1. Authors and Editors are, by general agreement, obliged to accept the rules governing biological
nomenclature, as laid down in the International Code of Botanical Nomenclature, the International
Code of Nomenclature of Bacteria, and the International Code of Zoological Nomenclature. 2.
All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their scientific
names when the English term is first used, with the exception of common domestic animals. 3.
All biocides and other organic compounds must be identified by their Geneva names when first
used in the text. Active ingredients of all formulations should be likewise identified. 4. For chemical
nomenclature, the conventions of the International Union of Pure and Applied Chemistry and the
official recommendations of the IUPAC-IUB Combined Commission on Biochemical Nomenclature
should be followed. Units and abbreviations should conform to the Systeme International d'Unites.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

; ; : 2+ ++
In chemical formulae, valence of ions should be given as, e.g. Ca”", not as Ca’ '. Isotope numbers

should precede the symbols e.g. 180, The repeated use of chemical formulae in the text is to be
avoided where reasonably possible; instead, the name of the compound should be given in full.
Exceptions may be made in the case of a very long name occurring very frequently or in the case
of a compound being described as the end product of a gravimetric determination (e.g. phosphate
as P>0s).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

e Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
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If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

e Figures and Tables to be uploaded as separate files while submitting manuscript.
e Tables to be sent as editable source files (.doc or .xls) with heading on it.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Figure captions should be understandable without reference to the main text. Figures should not
duplicate results described elsewhere in the article.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Table captions should provide sufficient detail that the Table can be understood without reference to
the main text.

Authors should take notice of the limitations set by the size and lay-out of the journal. Large tables
should be avoided. Reversing columns and rows will often reduce the dimensions of a table.

e Figures and Tables to be uploaded as separate files while submitting manuscript.
e Tables to be sent as editable source files (.doc or .xls) with heading on it.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.
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Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M,,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001]JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references
and citations as shown in this Guide. If you use reference management software, please ensure that
you remove all field codes before submitting the electronic manuscript. More information on how to
remove field codes.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/applied-animal-behaviour-science

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
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Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...'

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢c.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, 1., Hanraads, J.A.]., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr.,, W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S,,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

References to books
If a book or monograph is cited as a source of specific information, then please give the relevant

page(s).

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.
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This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.
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The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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